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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interrational Stand
the technical committees are circulated to the member bodies for voting: -Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

B81-5 was prepared by Technical Committee ISO/TC 1904 Soil quality, Subcommittee S

B81 consists of the following parts, under the general title*Soil quality — Sampling:
Guidance on the design of sampling programmes,

Guidance on sampling techniques,

Guidance on safety,

Guidance on the procedure for investigation of natural, near-natural and cultivated sites,

Guidance on the procedure for the investigation of urban and industrial sites with regard to
ination,

Guidance on the collection, handling and storage of soil for the assessment of aerobic micr(
5es in the laboratory,

Guidance-on sampling of soil gas,

Guidanee on sampling of stockpiles.
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Introduction

This

part of ISO 10381 is one of a group of standards dealing with various aspects of site investigation and

sampling. It should be used in conjunction with the other parts of ISO 10381 (see Foreword).

Whil

st serious cases of soil contamination mostly occur at urban and industrial sites, serious contamination of

agrirﬂ_l'l_d_l—(l—lﬁ_l_m—l_l—lﬁ_u ural land can also occur (for example, due 1o pesticides usage, long-term irrigation and, application of
organic wastes). In such cases, a combination of the methodologies of ISO 10381-4 and ISO #03§1-5 may be

appfopriate. When the objective of an investigation is related to plant growth, reference should pe made to

ISO

The
party

The)
ISO

the pampling of soil gas is provided in ISO 10381-7.

10381-4.

general terminology used is in accordance with that established in ISO/TC 190y*Soil quality” and more
cularly with the terminology given in ISO 11074.

investigation of ground water, soil gas and surface water falls outside the scope of (this part of)
10381. For more information on ground water and surface water sampling, see ISO 5667. Infprmation on
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Soil quality — Sampling —

Part 5:

Guidance on the procedure for the investigation of urban
and-industrial- sites-with-regard-to-soill-contamination

1 |Scope

Thig part of ISO 10381 gives guidance on the procedure for the investigation of urban and indystrial sites,
whdre either it is known that soil contamination is present, or the presence’6f-soil contamination ig suspected.
It is|also applicable where there is a need to establish the contamination status of the site, or there is a need

toe

Thig
ass
sug

required in general. It is emphasized that specific remediation methods may need additional inform

This
is td

Alth
con
con

NOT

are glso applicable where there arg haturally high concentrations of potentially harmful substances.

NOT
part

NOT
plan

stablish the environmental quality of the site for other purposes.

part of 1ISO 10381 includes guidance on the collectiom)of information that is necessary for risk

bssment and/or the development of remedial action plans®(e.g. whether remediation is re
pestions as to how this might be best achieved). However, it only provides guidance on the

part of ISO 10381 is also applicable to sites where no soil contamination is expected, but thq
be determined (e.g. to make sure that there is'no contamination present).

pugh the sites considered in this document-have been defined as urban and industrial sites, tf

ained in this part of ISO 10381 is equally applicable to any site where the degree an
amination needs to be established-
E 1 Contamination is defined_as a result of human influences; however, the methods described for

E2 A number of different objectives for soil sampling are listed in Annex A, along with references tg
b of ISO 10381.

E 3  Althoughdhe-general part of the information for the risk assessment and/or the development of re
5 is gathered by-applying this part of ISO 10381, this document does not give guidance on the decision

that

follow from.a/site investigation, for example, risk assessment and decisions about the requirements fof

quired and
information
ation.

soil quality

e guidance
i extent of

investigation

the relevant

medial action
5 and actions
remediation

iZe that on old

smantling or

or lead to the

Yy y
spread of contamlnatlon on and around the site. The investigation of derelict buildings or remnant foundations falls outside
the scope of this part of ISO 10381.

NOTE 5

In many situations there is a close relation between the contamination of the soil, ground water,

— to a lesser extent — surface water.

© I1SO 2005 — All rights reserved
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2 Norm

ative references

The following referenced documents are indispensable for the application 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

3 Terms and definitions

For the pur;l)ose of this part of ISO 10381, the terms and definitions of ISO 11074 apply.

4 Objegtives
41 General
This guidarice provides a framework for the various stages and phases that can bestaken in the investiga

of land. The resulting determination of the contamination status can then lead to risk assessment and w|

necessary
information
ISO 15175,

4.2 Definitions of objectives

The reason

to iden
users 4

to iden
ground

to iden
remedi

facilitate the selection and application of appropriate remedial actions. Guidance on data
requirements for particular purposes is provided in a number,ofinternational Standards inclu
ISO 15176, ISO 15799, and ISO 15800.

5 for an investigation and hence the objectives can vary widely but are generally:

ify and assess the risks to those using the site, and in the event of redevelopment, to subseq
nd occupiers of the site;

tify and assess the risks presented-to the environment including adjacent land, surface
Wwater, ecosystems and public health;

ify and assess the risks which*may be presented to workers who may be involved in investiga
ation, redevelopment or maintenance of the site;

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

sions can be;made about the importance of the risks and whether it is necessary to take any 1
deal with them.

rincipal ‘objectives of the investigation, a number of subsidiary objectives can be derived. TH
the following:

tion
here
and
ding

lent

and

ion,

ese

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

potential receptors;

— toiden
so that dec
of action to
From the p
may includg
a) determ
b)
c)
d)
e)
f)
2

identify receptors (e.g. human, ecosystems, groundwater) that are or may in the future be at risk;
identify pathways by which particular receptors may 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;

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

© I1SO 2005 — All rights reserved
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enable characterization of contaminated materials to ensure safe and suitable handling and disposal;
provide reference data against which the achievement of remediation performance can be judged;
enable judgements to be made about the likely impact of continued use of the site on soil quality;

provide information to assess the risk of (legal) environmental liabilities and the effect on the value of the
property.

These generalized objectives will be formulated into specific requirements depending upon the purpose of the

investigation.
EXAIMPLE A site investigation prior to the purchase of a site for the construction of domestic dwellings could have
one [or more of the following objectives:

5

5.1

Det
env
iden
prog
suff]
sho
inve

The

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

identify the potential for migration of contamination beyond the site boundaries-including surface and ground water
(this may indicate there are potential legal environmental liabilities);

identify any immediate dangers to public health, safety, and the envirohment;

identify constraints in relation to a proposed development (human ‘and environmental risks) and any remedial works
necessary and provide data from which to develop cost estimates;

provide information to facilitate the formulation of a fullsinterpretative report with conclusions, recommepdations and
budget costing for remedial actions.

General strategy of site investigation

General

prmination of the extent ©f\\a contaminated area and particularly the assessment of human and
ronmental risks caused by contamination can be complex. Because of this complexity, the| process of
tifying, quantifying and\evaluating the risks associated with contaminated land should be |an iterative
ess with several stages of investigation (each with specific objectives to be achieved), in order to obtain
cient relevant data-fo characterize the potential risks, pathways and receptors of concern. The objectives
ld be reconsjdered at each stage, and the requirements for further investigation reviewed as the
stigatory and ‘@ssessment processes are developed.

principalphases are

preliminary investigation (see 5.2),

The

Sup

exploratory investigation (see 5.3, 7 and 8), and
main site investigation (see 5.4, 7 and 9).
relationship between these phases is illustrated in Figure 1.

plementary investigations may be required subsequent to the main site investigation in order to provide

information relevant to the selection of remedial methods, or design remediation of construction works.

Following completion of any of these investigations, a report giving its results should be prepared.

© I1SO 2005 — All rights reserved 3
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Preliminary investigation/\
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Y
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no

A

Y Y

Probably uncontaminated

» Assessment of information

Site
investigation

no

required?

es
ygs

]

Tl

Fxploratory investigation
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contamination

Indication uncontaminated

verified?

VTS Furthef

> investigation

Different
contamination
found?

yes-

no

required?

yes

Y

Main site investigation
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Consultation‘about
the desired
nformation quality

Is
information

Il D)
auctyyudlc’

yes

Figure 1 — Flow-chart of phases of site investigation

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=338c6570adfb5bdb42e0fd949ba8bb05

ISO 10381-5:2005(E)

The strategy for the investigation (whether preliminary, exploratory or main site) 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.

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. 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 model’
devegloped for the site (see 6.5 for the definition of the conceptual model).

Whd
and
theq

ite analysis
uidance on

bn deciding on the strategy, consideration should be given to the applicability and use\of ong
or in-situ measurement techniques. This part of ISO 10381 does not provide any{specific g
e topics.

5.2| Scope of preliminary investigation

The) site

insp
pres
hyd

Fro
forn’LnuIated on the nature, location and distribution of the contamination.

preliminary investigation comprises a desk study and site reconhaissance (walk-over
ection). It is carried out using historical records and other sources %o ‘obtain information on t
ent usage of the site together with information about logal‘soil properties, geology
fogeology and environmental setting.

this preliminary investigation, the possibility of contamination can be deduced, and hypoths

se hypotheses form part of the overall conceptual model of the site that should be

survey,
ne past and
pedology,

ses can be

developed,

eotechnical
pects of the

The
encpmpassing not only the contamination aspects butalso the geology, pedology, hydrogeology, d

properties and the environmental setting. The current and planned site uses are also important as|
congeptual model.

The preliminary investigation should provide'sufficient information
for initial conclusions about potential risks to actual or potential human and other receptors, an
to determine whether there'is a need for further action.

e amount of
lexity of the

The]
worl
und

amount and type of/information required will depend on the objectives of the investigation. Th
required will vary-with the age of the site, the complexity of its historic usage, and the comp
erlying geologys. etc.

It should be remembered that the contamination on a site may be more complex than initially in
example, by-current usage) and adequate information on the history of the site should always be
the preliminary investigation.

dicated (for
obtained in

5.3 —Scope of exploratory investigation

The exploratory investigation involves an onsite 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 model.
It is therefore mainly a qualitative investigation rather than quantitative, typically only a few samples will be
analysed.

In some cases where the hypotheses are indicated as being correct, no further investigation may need to be
carried out.

© I1SO 2005 — All rights reserved
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However, it may become apparent as a result of the exploratory site investigation, for example, that the
contamination pattern is more complex, or concentrations of contamination are higher than anticipated, and
may have already caused or in the future may cause a hazard. In this situation, the information obtained may
be inadequate to make decisions with a satisfactory degree of confidence, and it will be necessary to carry out
a main site investigation to produce sufficient information to enable a full risk assessment to be carried out,
the need for protective or remedial measures to be determined, and in due course and possibly following
further stages of investigation, to select, design and apply protective or remedial measures.

5.4 Scope of main site investigation

The main sj

contamina
includes po,

It requires t

to obtain the

humans an
be identifieq

by model ca

works may

The amoun
it) will vary
decisions o
and quality
processes

parties invg
ensure that

After compl
possible to

about the type of measures that might be appropriate.

6 Prelin

6.1
The prelim
plausibility,
investigatio

The prelimi

a desk

Introduction

s, their mobile and mob|I|sabIe fractlons and possibilities of spreading in the environment-
sible future development of the contamination situation.

e collection and analysis of soil or fill, surface water, ground water, and soil gas samples in 0
information necessary to enable a full assessment of the risks presented by the,contaminatio
H other potential receptors, and also to enable appropriate containment or remediation action
(sometimes), together with an initial estimate of costs. The analysis of samples can be suppd
Iculations and investigation techniques without sampling. Detailed design-ef protective or remg
require further stages of investigation.

t and nature of the information required from the main site investigation (or any particular stag
Hepending on the nature of the site, and the objectives of the jnvestigation. The implications of
h what actions should be implemented on a site will vary from site to site. Additionally, the am
of the information required will also vary according to the requirements of the decision ma
e.g. the risk assessment, decisions regarding the néed for and type of remedial actions)
Ived in the decision making process should be kept fully informed as information is produce]
the information is sufficient for the purpose intended.

ption of the interpretation of the information generated, including any risk assessment, it shoul
determine whether protective or remedialkkmeasures are required and to make generalizat

hinary investigation

nary investigation\'serves for gaining knowledge of relevant information, its accuracy
and to consider-Uncertainties and knowledge gaps and their relevance regarding the ain
.

nary investigation consists of:

stddy‘in which information on the history and other relevant aspects of the site is collected

rder
n to
s to
rted
bdial

e of
the
bunt
King
All
d to

J be
ons

and
h of

and

criticall

reviewed;

1)
2)

3)

a site reconnaissance (site inspection, walk-over survey);

development of a conceptual model of the site, in particular

formulation of hypotheses on the possible type(s) and amount of contamination,
migration pathways (on- and off-site), and spatial and temporal distribution; together with

hypotheses regarding other aspects of the site, such as the hydrogeology;

© I1SO 2005 — All rights reserved
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drawing conclusions with regard to the need for and scope of further investigations;

identification of any need for immediate actions to protect humans or the environment (e.g. fencing,

removal of superficial deposits).

The objectives of the preliminary investigation should be set out formally before the investigation is started to
ensure that the scope (e.g. sources of information searched) is appropriate.

In most cases, it should be possible to make a preliminary assessment of (potential) risks to humans and
other receptors.

The

6.2

The
the
sonf
both

Dat
ont

information gathered should also enable

the design of subsequent stages or phases of intrusive investigation so as to minimizethe ris

s of further

spread of contamination or creation of new migration pathways (e.g. boreholes and trial pits), and

the adoption of appropriately safe methods of working during intrusive investigation (see ISO 1

minimum information that should be collected in the preliminary investigation is set out in 6.2
brocedures on how the information may be obtained are provided in 6.4.-Guidance on reporting
e preliminary investigation is provided in 6.6.

Information on past and present use

rapid growth of urban areas has resulted both in the absorption of areas which were formerly
change of use of existing urban land. Contamination within urban areas is therefore frequently
e historic industrial process that has occurred on the*site, or nearby, and information to be ¢
urban and industrial sites is very similar.

h gathered on historic and contemporaneous-use of a site should, so far as is possible, provide
he following (subject to any agreed limitations within the objectives):

any development, building or other” activity that has taken place on the site and its
surroundings;

any specific actions that were taken in the past, and (description of the chemical composi
materials that were used; in"connection with industrial, building or other activities on the site;

industrial or other, activities which have been (or are currently) potential causes of soil co
(production processes, storage facilities, materials transport facilities (also underground trar
an indication (as/precise as possible) of the location(s);

details with'regard to cables, conduits, areas of soft landscape and areas of hard landscap
made “ground and areas of tipped material, effluent treatment, sludge disposal, surfac
cheémical storage, underground tanks, waste materials, building rubble, etc.;

0381-3).

and 6.3 and
) the results

rural and in
the result of
ollected for

information

immediate

tion of) any

ntamination
sport), with

e, areas of
b drainage,

information on adjacent land use (present and intended) which could affect the site under investigation.

Information with regard to similar sites elsewhere may be used for comparison.

6.3

Information on geology, pedology, hydrology and hydrogeology

Information should be collected on the geology and pedology of the area and the hydrological and
hydrogeological situation as far as available. The scale at which this information should be collected, and the
degree of detail that is required, can only be determined in a subjective manner, but should be in line with the
defined objectives of the investigation.

© I1SO 2005 — All rights reserved
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The collected information should include:

— anticipated soil profile (natural and anthropogenic);

— the nature of the underlying ground and the depths of the underlying strata;
— the depth of the groundwater and any variation with time;

— horizontal and vertical groundwater flow direction(s), both on a regional and a local scale and variation
with time (if possible) (The existence of impermeable strata can be of particular importance where the site
is over an aquifer -

— drainage patterns and the position of surface water courses, even if they are filled in at presentiand|any
continyity with groundwater;

— the prgsence of groundwater springs and wells and other abstraction points and anycgroundwater [and
ground|gas monitoring installations;

— results|of previous soil investigations at the site or its immediate surroundings,)like boreholes or gther
forms ¢f (geotechnical) investigations, in connection with, for example, building activities, and resul{s of
any chémical investigations;

— properfies of the contamination which may be relevant with respect ta the local soil structure or profilg| (for
example, humus in the ground may absorb contaminating organic cempounds).

6.4 Methodology

6.4.1 Obtpining information

The informgtion described in 6.2 and 6.3 should be obtained in the following manner:

— detailefl maps of good quality should be used_ as the reference base, for example, regional maps at sgale
1:25 0Q0, local maps at scale 1:2 000 to( 1)2 500 on which provisions such as utility lines are indicdted,

historidal maps, soil maps, hydrogeolagical maps;

— examirfation of maps and databases’relating to the geology, pedology, hydrogeology and hydrology of the
site angdl the area.

— examirfation of aerial phetographs (black and white, colour and infra-red);
— examirjation of archives, of current or previous licenses of owners or users, of current or prevjous

development plans; of information obtainable from offices of land registry (for example, municipalities,
provindes, public.utility companies) with respect to both the site under consideration and adjacent sites;

— examirfation*of trade and street directories to establish former users of the site and the potential activillies;

— consultation with authorities on current use of the site including environmental and operational permits,
including discharge consents;

— where possible, and appropriate, interviews should take place with current or former owners and workers,
current or former neighbours, neighbouring businesses, environmental groups, groundwater exploration
companies, water companies, water quality inspectors etc. (The accuracy of such anecdotal evidence
should be treated with caution unless the information can be confirmed by an independent source.);

— a visit to the site to obtain field observations (site reconnaissance). This should be carried out after
available historical information and other relevant information has been obtained and collated.
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6.4.2 Site visit observations

The result of the site visit should be a report on the existing site conditions with any implications relating to
potential cause/spread of contamination including topography, surface drainage, and any “abnormal”
situations. A photographic record should be made illustrating the site as a whole and particular features of
relevance to the investigation.

The site visit will also be of assistance in formulating a strategy for any subsequent site investigation, which is
practical and takes into account site-specific features. During the site visit, as many field observations as
possible should be recorded.

Typj|cal observations to be made during a site visit are
— | current usage and state of the site;

— |site access and ease of movement onsite, and conditions which may prohibit’ sampling| at specific
locations (e.g. buildings or other structures),

— | conditions at boundaries to the site and surrounding land usage;

— | proximity of sensitive developments and habitats;

— | potential site risks (e.g. overhead power cables, live services and voids);
— |hazardous materials;

— |evidence of changes in site levels (both increases and-“decreases);

— |indications of pollution (e.g. vegetation stress ar,lack of plant growth);
— |visual evidence of contamination on or entering or emitting from the site or the presence of odurs;
— | condition of any surface waters;

— | evidence of water abstraction_points;

— | existence of any ground ‘water or soil gas monitoring wells.
Safgty shall be an impertant consideration during the site reconnaissance and those carrying it oyt should be
awdre of possible physical risks as well as contamination or biological risks. Old buildings, gtc. may be

struturally unsoundvand shall only be entered after taking expert advice (for further guidance on|safety, see
1SO| 10381-3).

6.5| Development of the conceptual model

6 o 1 4 ] (|
.5. 1 vverldalil Lurivopylual 1muuct

The conceptual model is a representation and/or description of the site incorporating all that is known about
the site (e.g. contamination, geology, pedology, environmental setting) and, where appropriate, indicating
pathways by which current and future receptors might be affected by contamination currently or in the future.
An important aspect of the conceptual model is the formulation of contamination-related hypotheses.

The development of a conceptual model can aid greatly understanding of the site and the risks it might

present to human and other receptors as well as the design of future stages of investigation. It also aids
decisions on how remediation (if required) might be achieved and other works carried out.

© I1SO 2005 — All rights reserved 9
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6.5.2 Formulation of contamination-related hypotheses

Based on the 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 on the site.

In arriving at appropriate hypotheses it will be frequently necessary to identify different zones of a site to which
different hypotheses are applicable. This will normally be essential for a large site but is also frequently
appropriate for small sites.

Hypotheses relating to individual substances should be developed (see 6.5.4) that can then be incorporated
into a conceptual model, taking into account all the information available, and translating the information into
the most likely overall scenario with respect to the contamination status of a zone. The conceptual model$ for
individual zpnes can be combined into a conceptual model for the site as a whole. This site-wide cohceptual
model is used to design the sampling strategy to be employed in the next stage of investigation.

the
be
ras

However, before deciding on the sampling strategy, it is first essential to determine for each Zerie (and fo
site as a whole) from the information available, whether it is reasonable to expect the,zone or site tg
contaminatéd or not, i.e. whether the zone (or site) should be categorized as “probably ungontaminated” g
“probably cpntaminated”.

6.5.3 Hypothesis of a “probably uncontaminated” site or zone

ties
n of
be

If, based o
have ever

contaminati
categorized

the results of the preliminary investigation, there is no reason.fo suspect that polluting activj
ken place on the site, and there is no information which indicates the possibility of migratio
hg substances into or onto the site, the hypothesis formulated will be that the site shoulg
as a “probably uncontaminated” site.

ible

It is very d
contaminati
preliminary
out below in
The questig
the lev
the cor
the corj

target |

NOTE i
atmospheric

The results

ifficult to provide definitive evidence that a site iscuncontaminated and free from any poss
pn. It will therefore often be necessary to carfy* out an exploratory site investigation after
investigation has been completed. This exploratory investigation should follow the guidelines
Clause 8.

n whether a site can be considered as being uncontaminated will depend on

bls of potentially contaminating.substances,

tamination pathways that-are’included,

centration levels of these components that are usually encountered, and

evels for these components set in national or regional legislation.

or urbansand industrial sites, often a mild degree of anthropogenic contamination is present du
deposition.

of the exploratory site investigation may show agreement with the hypothesis “uncontaminat

the
set

e to

ed”,

but will seld

omnrovide-ndaniable-nroof-of the-abhsance-of contamination—ln-an - axnloratonssite invactiod
O —PHoVIae—uH G e aRrEe—pProd-o et BSeREE-o-66R T HATGHB AR —Exproatoy-SHeHveSHgS

gation

of a “probably uncontaminated site”, normally a relatively wide range of contaminants will be determined in a
limited number of samples. This implies that the extent of the investigation should be agreed upon between
the involved parties prior to the actual investigation. The extent of the investigation will, after all, determine the
chance that unexpected contamination is found.

6.5.4 Hypothesis of a “probably contaminated” site

If, on the basis of the preliminary investigation, there is good reason to expect that contaminating activities did
take place on the site at some time, the hypothesis will be that the site is“probably contaminated”.

10 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=338c6570adfb5bdb42e0fd949ba8bb05

ISO 10381-5:2005(E)

In this case, different hypotheses should define in detail the expected type of contaminants, its expected
spatial distribution throughout the site, possible migration pathways and potential effects on ground and
surface water.

In formulating the hypotheses the following factors should be taken into account:

— the chemical and physical nature of the contaminants (if necessary, several individual hypotheses);

— the nature of the source and the manner in which the contamination has entered the soil (diffuse or spot
contamination);

— |where in the soil or groundwater, the contamination is expected to be located, on the-hasis of the
anticipated migration processes (in both a horizontal and vertical direction), depending-on the nature of
the contaminants;

— |the potential presence of preferential pathways;
— |physical characteristics of the contaminants and the possibility of ghange or decay (including
biodegradation) with passage through the ground and solubility in water;\interaction with clay and other
soil components;

— | sorption and complexing processes;

— |interaction of contaminants with organic matter in the soil;

— | possibility of residues in zones through which the contaminant has migrated;

— | migration of landfill gases and volatile compounds;

— |the soil structure and stratification (for example, highly pervious sandy soil or peat or highly| impervious
clay, cracks from shrinking or macropores‘\and biological activities in the soil);

— |the period of time during which the-contamination has been in the existence;
— |the depth of the groundwater.table.
When formulating the hypotheses relating to different parts of the site (zones) will provide the best

assessment and the combination of hypotheses in this manner should enable an optimum ipvestigation
strafegy to be designed.

6.5.p Hypotheses'relating to spatial distribution of contamination

6.5.5.1 Types of spatial distribution of contamination

For|the.purposes of designing the sampling strategy, four basic types of spatial distribution of cogntamination
can baidantifiad:

DO TTTOTTC O

— no contamination present or contamination is present with a homogeneous distribution;

— contamination present with a heterogeneous distribution with point sources of contamination of known
location;

— contamination present with a heterogeneous distribution with point sources of contamination of unknown
location;

— contamination present with heterogeneous distribution but no point sources of contamination.
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Heterogeneous versus homogeneous distribution

The definition of heterogeneous or homogeneous is only really relevant in individual strata in the horizontal
plane, since in the smaller vertical direction distribution is almost always described as heterogeneous. The
nature of the contaminant, the nature of the ground and the length of time the contamination has existed will
all affect the type of distribution.

EXAMPLE 1

A plume of contamination in the early stages will be considered to be a heterogeneous contamina

tion,

but after time with the spread of the plume, the main area can be considered to be a homogeneously distributed

contaminatio

n.

The hypot
subsequent

Thus whers
the sar

contan
likeliho

Additio
costs f
(see al

However, if

the sar
expect

may al
of poin

It should be
depends or

EXAMPLE 2
be recognizes
looking at thg
be considerg

Homogenegus and heterogefegus are therefore only qualitative concepts.

In practice,
and the san

Since hypo
substances

€5es concerning the nature of the distribution are very important, since these will_affect
sampling strategy.

a homogeneous distribution is hypothesised,

npling strategy may adopt a wider spacing between sample locations since it is anticipated tha
ination should be similar at all locations (This sampling strategy would af\eourse reduce
bd of identifying hotspots).

nally, for homogeneous contamination, the use of composite samples can be cost effective ag
50 7.4.6).

heterogeneous distribution is hypothesised,

hpling strategy will need to specify distances between,sample locations which should enable
bd variations in contaminant concentrations to be idéntified, and

50 include some judgmental sampling where the heterogeneity is attributable to “known” locat
source contamination.

noted that the definition of contamination as “homogeneous” or “heterogeneous” basically in p
the scale that is used to investigate the contamination.

A contamination that is considered to have contaminated a site of 100 m by 100 m homogeneously
d as homogeneous, as long as the investigation does not exceed the limits of the location. However, v
e soil quality on a 1 000 m by 1000 m scale, the same contamination will be identified as a “hot spot” and
d as heterogeneous

the distribution of contaminating substances is likely to be a combination of distribution patt
hpling plans should be defined to accommodate the individual types of distribution.

heses’ about spatial distribution should be postulated for each individual substance (or grou

the

the
the

the

br analysis can be diminished while the analytical results are representing a relatively large area

the

ons

ane

will
hen
is to

erns

p of

,(he final sampling plan should take into account of the different sampling patterns required

for

the differen

contaminants present on the site.

6.6 Reporting the preliminary investigation and the conceptual model

The preliminary investigation should be reported in such a way that the initial formulation of the conceptual

model and i

12

ndividual hypotheses will stand out as a clearly recognizable, identifiable, section of the report.
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The report of the preliminary investigation should contain the following:

a)

9)

information collected on past and present uses of the site together with details on geology, pedology and

hydrogeology;

1) All aspects mentioned in 6.2 and 6.3 should be discussed, and details should be provided of all

the sources that have been consulted.

2) Indications should also be given about where there are possible gaps in the information that has

been obtained, and any other constraints or limitations of the survey;

a record of where a source of information has been accessed, but no specific information was
a record of anecdotal evidence which has been obtained, together with
1) the name of the person interviewed, and

2) the date of the interview.

available;

3) (The relationship of the interviewee with the site should be recaorded, as this can b¢ useful for

assessing the reliability of the information);
a full discussion and a full description of the development of the ¢onceptual model of the site, i

1) the hypotheses which have been formulated,

ncluding

2) the conclusions relating to the presence or absence (and the type and nature) of the comtamination,

and

3) the spatial distribution, and details of delineation into zones for which the different hypotheses have

been formulated;

in the case of a “probably uncontaminated” site, the arguments supporting this conclusior
included;

in the case of a “probably ‘contaminated” site, the following elements should all be discu

relevant:

1) the nature pf\the source(s) of contamination and the manner in which the contam
introduced into.the soil,

2) a listéof-possible contaminants (and if applicable their chemical specification),

3) the’ spatial distribution that is anticipated and the expected distribution and locs

contamination in the soil, surface and ground water, and soil gas;

should be

5sed where

nants were

tion of the

conclusions and recommendations on the need and form of further actions — Qppnifir‘nlly thd

need for a

site investigation — that are considered appropriate taking into account the objectives.

The report should follow a formalized structure (see also 9.6) and it is suggested that the contents should
include:

Table of contents;
Summary;
Introduction;

Obijectives;
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ience);

of the site (including gathered information and the results of the site visit);

Discussion and formulation of hypothesis;

Conclusions;

mendations;

Details of the research (including sources of information which may be given in an appendix for

7 Desid

71

This clause
and main i
Guidance i
strategies.

Appemliices (containing as much of the documentary evidence, etc. as is practicable).

Introduction

n of intrusive investigations

provides guidance applicable to the design of all types of intrusive investigations (e.g. explorg
nvestigations). Subsequent sections provide guidance relating to specific types of investiga
5 provided on overall design, sampling soils, compositing of samples, and analytical and teg

7.2 Gen

It is important to understand that field work on contaminated sites‘€an present a significant risk to the heal
the investigators. 1SO 10381-3 should be consulted for further information on the possible risks

precautions

ISO 10381-
including sz
sample pre
significantly

It is advisal
be necessa
return to th
considerabl
carried out
the sampleg

Instead of
analysis.

If at any tin

ral aspects of field work

to control those risks.

1 and ISO 10381-2 should be consulted fot information on specific aspects of sampling technig
mpling patterns, methods of collecting'samples including boreholes, probe holes and trial pits,
servation. It should be noted that other — non-intrusive — investigation techniques can contri
to the understanding of the spatial distribution of the contamination.

le to ensure from the start ef\the field work that sufficient samples will be collected. It will often
ry to analyse all the samples-that have been taken, but that it could be (very) expensive to hay
b |location to obtain additional samples. This will particularly be the case if samples are taken

As quickly as possible after sampling, and for these components it may not be possible to pres
for later analysis.

aking samples, it might be advantageous to use on-site and/or in-situ methods for testing

e/during the investigation it becomes evident that the implemented strategy has not been opti

tory
ion.
ting

h of
and

ues
and
bute

not
e to
at a

e depth in the soil proefite. However, analysis for volatile and semi-volatile components should be

erve

and

mal,

Shaould b " okl mH=3

the

the strategy

14 toaraadiotol, (fo VPN~ | PRI CRT-V- ERVI-C N " S Al feara
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expected depth). In some cases it may be necessary to take additional samples on the basis of the adjusted
strategy or to take into account the unforeseen conditions. However where this situation is not clearly evident

the original

strategy should be followed.

Descriptions of ground strata should be drawn up in the field immediately after a sampling location has been
completed if this has not been done during formation. Taking photographs with sampling location identification

boards and

14

scale markers is often a useful aid to ground strata descriptions.
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7.3 Overall design aspects

7.3.1 General

The design of on-site (intrusive) investigations involving the collection of samples and on-site testing (if any)
should be based on the results of the preliminary investigation and the objectives of the exploratory site
investigation (Clause 8) or main 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 cnmpling locations are determined bhefaore the site in\/ncﬁgnﬁnn commences, but-with-allowance for the
sanpling team to exercise professional judgement onsite, to vary locations and sample additional(locations in
the |ight of the onsite observations.

The| hypotheses postulated may indicate some area(s) of potential contaminatior) where |preliminary
infofmation will be of assistance in designing the more detailed main site investigation.

EXAMPLE For example, preliminary information on the potential extent of spillagejof-echlorinated solvents may be of
assigtance.

Thel| design of the exploratory site investigation can take such aspects ‘into consideration, and| so provide
infofmation to enable the main (and more expensive) site investigation to be designed to produce the
necgssary data required by the objectives, in the most efficient /manner, and to minimize the possibility of
unfgreseen situations being encountered.

As fiscussed above, different hypotheses may be applied o different areas of a site (zones),|and hence
diffgrent sampling strategies may be applied within the investigation process.

7.3.2 Design of site works

7.3.1 Planning

Thel| designer of the site works shall-take into account both the design of the sampling progfamme and
pragtical aspects relating to its implementation. These include:

— |location and number of sample locations and the sampling pattern;

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

— |samples to be eallected (soil, grain fraction, water, gas);

— | special sampling requirements (volatile compounds, preservation requirements);

— |requirements for sample containers;

— lLrequirements for on-site and off-site testing;

— analyses to be carried out and any particular requirements from the laboratory with regard to sample
collection, preservation, and transport;

— procedures and precautions to ensure health and safety during the investigation and protective
equipment required;

— environmental protection measures required to prevent migration of contamination during and after
completion of the investigation;

— requirements for disposal of arisings from the investigation and the need to bring material to site, for
example, clean material for backfilling trial pits;
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ments for quality assurance;

— 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;

— location of suitable areas for offices, decontamination unit, welfare and sample storage;

— health
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cover i
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— commuy

— actions
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h detail the risks to investigators and the environment which could result from a site investiga
cessary precautions and actions shall be designed into the site investigation methodology);

nications and accident and emergency plans and communications with the emergency’service
to protect the environment, for example, dust suppression and control and prevention of migra

Bmination;

ourse of the investigation.

htegrated investigations

ometimes benefits to be gained from investigations which ‘combine the needs of the contaming
hnical aspects. This can be of assistance where there is a need to take health and safety
tal protection into account in the design of geotechnical investigations.

investigation has the advantage of:

ed project management;

n use of equipment and procedures;

bxploratory holes for more than\one purpose with resultant economies;

and safety implications for-both investigations;

g for combined consideration of resultant data.

he use of antintegrated investigation should not result in compromising the achievement off

objectives ¢
the selecte

not necessarily suitable for obtaining samples for chemical analysis and vice versa. In addition, requirem
for recordinfy soikprofiles may be different.

grid pattern to accommodate the geotechnical requirements. Geotechnical sampling methods

on.

V.

tion

hted

tion
and

the

f either investigation. For example, sample locations for contamination should not be moved from

are
ents

7.4 Sampling patterns and spacing for sampling soils

7.4.1 General

The sampling strategy requires consideration of the pattern to be used, the depths at which samples will be
collected and the types and sizes of samples to be collected. Consideration of sampling patterns is given in
ISO 10381-1. Statistical considerations may also be applied to sampling patterns, particularly the distance

between sa

16

mpling points.
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Sample locations may be selected on the basis of a sampling pattern which is a defined layout of sampling
locations (i.e. systematic) or on the basis of judgemental sampling. In most investigations a combination of the
two approaches should be used.

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 required to locate
possible contamination with the same probability, or chance, depending upon the hypothesis of the distribution
of contamination. 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 may
be gonsidered to be correct and no further action taken.

The)
the
vari

number of sample locations to be taken for each potentially contaminated zone shouldybe prg
size of the zone, but always with such a minimum number of samples that an indication of
bbility within the zone is obtained.

portional to
the spatial

NOTE This will commonly require about six samples.
The

Ssamn]

reliability of the estimate of the distribution of contamination will of-course be increased when more

ples are taken.

Whd
defi
the

Sa
a
hetd

]

bn choosing the sampling pattern it shall be borne in mind that/contamination rarely exists
hed boundaries and increasing concentrations may be used-as/indicators of contamination, ¢
areas of highest concentration have not been sampled.

pling grids typically vary between 30-m centres for an, exploratory investigation down to 15-m
ain site investigation. Greater density of sampling - grid may be considered appropriate
rogeneous contamination is hypothesised, for_example, on a former gasworks site where

s 10-m centres may be considered to be necessary. A high-density sampling grid may also bg

vith sharply
ven though

centres for
where very
in localized
b necessary
nsity in soll

are
wh%‘re the level of confidence required for the ‘outcome of a risk assessment requires such de
quality data (for example, for a housing develepment).

7.4.2 Judgemental sampling
source of
rnatively an
blineation is

Sampling locations may be chesen on the basis of judgemental sampling, where a specifi
confamination is known or suspected, and confirmation of the presence or extent is required. Alte
area of contamination may_have been detected in the exploratory site investigation, and further d
requiired as one of the objectives of the main site investigation.

it are better
se, and the
elated to a
g at adhoc
bint of high

Sampling locations,may be selected on an ad-hoc basis (e.g. in the general vicinity of a source), b
locgted following{cansideration of the properties of the contaminant concerned, the mode of releq
neef to be able~to interpret the results in a meaningful way. The sampling locations may be

regllar pattern/which is being used for other areas of the site, or as an alternative to samplin
locdtions~the sampling locations may be placed along radii from the suspected source or p
congentration. Where a plume is being targeted, sampling locations should be selected accoiding to the
hyppthesis relating to the location and nature of the contamination. The ultimate in iudqmental1sampling is
likely to occur in the exploratory site investigation, when specific locations of visually contaminated material or
suspected contamination are encountered and sampled to confirm suspicions prior to more detailed
investigation in the main site investigation.

7.4.3 Regular sampling

Site investigations (both exploratory and main) should usually be carried out using systematic sampling so
that the sampling locations are distributed throughout the site (or zone) according to a regular pattern.
However, non-systematic sampling (in particular judgemental sampling) patterns may be acceptable where
there are good reasons for such use (for example, where it is important to check potential preferential
pathways for migration), or to complement a systematic sampling pattern.
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The reasons for selecting a systematic sampling pattern are:
a) sampling locations on a systematic pattern are simpler to establish in the field;

b) identification of areas of contamination and design of further investigations is much easier to carry out
using the systematic pattern.

Reliability of interpolation will depend substantially on variations in soil characteristics. In well stratified
sediments, vertical variations in concentration may be much greater than horizontal variations.

If there are any regular topographical patterns on the site (for example, ditches at regular intervals, systematic
undulations| of the terrain etc.), the sampling pattern should not coincide with the topography in a way [that
could introduce a bias or systematic error in the samples. This may be avoided by careful selectionyof| the
base or stafting point of the sampling grid and where necessary careful selection of the spacing of the-grid

The sampling pattern used, and the number of the sample locations, will vary and be depéndent on| the
hypotheses|formulated and the phase of the investigation.

— In an exploratory site investigation, fewer samples will be collected from fewer locations than in main|site
investigation. For exploratory site investigation, sampling locations should be.selected with the aim of
confirming the hypotheses and establishing the areas which will require greater attention in the main|site
investigation.

— In contfast, the main site investigation will be a detailed investigatiomto‘establish a comprehensive pidture
of the ontamination status of all parts of the site. The numbeiof samples collected and the spaging
betwegn sample locations should be related to the objectiveskand degree of confidence required in| the
resultapt assessment of contamination and associated risk assessment and need for remedial works.

7.4.4 Detection of hotspots

7.4.41 otspot definition
The “efficiehcy” of a sampling pattern is often~expressed in terms of the confidence there is in whether a
“hotspot” of a given size will, or will not, be identified. However, the concept and definition of the hotspots
should alsg be carefully considered during, the design stage of the investigation, and particularly so for| the
main site inpestigation.

A hotspot cgn be defined as

— an area of contamination-in ‘an otherwise uncontaminated area;

— an area of much greater contamination in a site that is generally contaminated.

7.4.4.2 otspot'size

The size ofla ho

a) the source and nature of the contaminative process (for example, a hotspot due to buried drums of
contamination will present a different sampling problem than that for identifying a hotspot due to a
leakage from a storage tank), and

b) the definition of what concentration of a particular contaminant is judged to be noteworthy when
assessing the results of the investigation.

The size of a hotspot or area to be detected will be related to the consideration of the maximum area that will
not pose unacceptable health risks, if it is not detected in the site investigation and subsequent assessment of
results. In this respect, it is important to bear in mind the area of contamination which could be of concern
where the evaluation of human health risks is involved.
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EXAMPLE In the case of a housing development, this could require the identification of contaminated area the size
of a small garden, or even part of a small garden. This could be only 50 m2 (or just 0,5 % of a 1 hectare site).

7.4.4.3 Hotspot detection, site investigation design and sampling

In practice, the probability of detecting a hotspot can be improved by the careful design of the exploratory site
investigation and subsequent main site investigation.

Greater density of sampling will usually be appropriate in areas of suspected contamination with less intense
sampling in areas not suspected of contamination, in accordance with the hypotheses relating to different

areas of the site.

NOT
conf

If th
to in

E
dence, that a particular part of the site is “uncontaminated”. This will usually require a high sampling_dens

vestigation.

In the exploratory investigation, one sample location shall be placed at the assumed centre of
For contaminations that can be observed in the field, this one (sample might be

contaminations are not observable in the field, and when some. information on the e
contamination is already required in the exploratory investigation,-another four sample loca
be placed at the expected perimeter of the contamination. Samiples should be taken from e
and all relevant depths. If hotspots are found (by chance){during the exploratory investig

q

g

Under some circumstances there can be greater monetary value in demonstrating, with @ hiJ;h degree of

ity.

e contamination is expected to occur in known localized hotspots, each suspect logation should be subject

the hotspot.
ufficient. If

ions should
ch location
ation, these

)Ient of the

hotspots shall be investigated with a similar approach.
In the main site investigation, the number of additional sample locations depends on the ektent of the
contamination and the desired confidence of the delineation.

7.4.6 Depth of sampling and the strata to be sampled

7451 Factors to take into account for sampling at depth

The
diffd

tributions of
bven if they

sampling strategies described aboye apply only to a single contaminant in a single plane. The dig
rent contaminants on a site may vary with depth because they have different origins and, ¢

origlnate from the same sources.because they behave differently in the ground. Consequently,|appropriate

strajegies should be developed for)sampling at depth.

It is[important to take into @ccount, for example

— |varying physical-and chemical soil properties over depth, particularly where substantial thi¢gknesses of
made ground-are present or where large differences are present in natural deposits;

— | contamination sources (e.g. solid, leachable and gas- or vapour-generating materials, leaking pipe) that
might bé located at any depth in the soil profile;

— |that the relevant depth in exposure terms can be at any level in the soil profile (e.g. in redevelopment

projects, the final formation Tevel may be Tower than existing site Tevel; close contact between soils and
site services can be at some depth below ground level);

movement of gases and liquids along vertical (and perhaps deep lateral) pathways will be determined by
physical soil properties at the relevant depths;

the usage of the site.

Where a site has been identified as potentially contaminated, ideally those horizons of the soil strata which are
expected to be contaminated should be sampled (sampling will be concentrated on suspect areas in
accordance with the hypothesis). In some situations, where the site is underlain by an impermeable strata at
fairly shallow depth, it will be possible to identify specific depths which should be sampled. However, it is often
very difficult, prior to any intrusive investigation, to have a clear indication of where contamination may exist.
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Individual samples should be taken over a limited depth range (say 0,1 m to 0,5 m) to be representative for no
more than 1,0 m of the soil profile, taking into account the hypotheses. They should usually be restricted to a
specific stratum. Samples should be taken to represent any strata of particular interest (e.g. appearance) that
are encountered. Where samples are not restricted to a single stratum, the reasons should be stated in the
report of the investigation.

At all sampling locations, samples should be taken through the full depth of interest in accordance with the
hypotheses. Where contamination is indicated at greater depth than anticipated prior to the site investigation,
sampling should be carried out to whatever greater depth seems appropriate and is practicable.

Taking samples of natural strata is always beneficial: if uncontaminated, these will indicate the natural background

chemical conditions which are essential to the evaluation of risks and decisions on target remediation values.

7.4.5.2

Sampling d
be atrisk) a

EXAMPLE 1
strip foundat

EXAMPLE 2
floors of ba

ampling depth in relation to intended use of the site

pths should reflect what is known about intentions for the use of the site (i.e. the receptors which
hd the probable pathways by which contaminants may enter the environment.

On most housing developments, excavation to at least 1,5 m is likely to be required to install services
ons. Deeper excavations may be required for the installation of sewers.

On commercial developments, excavation to considerable depths may)be required to construct se
ements. Thus, the construction work force may encounter contaminated materials at these depths

may

and

eral
and

materials from these depths may be brought to the surface and either become spread about (if there is inadequate control)

or have to be

NOTE |

The sampli
is to be low

In many sifes, a correlation between contamination.in the topsoil and the subsoil will be found. Oftg

correlation

q

7453 S
Frequently
along, the v
depths.

However, this depends highly_on the density of the contaminant; contaminants like chlorinated hydrocarh

[Dense Nor
concentrati

taken off-site for treatment or disposal.
SO 10381-8 provides a guidance for the investigation of stockpiles of excavated soil from these types of s

g plan should also take into account whether there'is a likelihood that the surface level of the
ered, which will thus expose deeper layers of the,site.

will also exist between contamination in\the subsoil and contamination in the ground water.

ampling in relation to the ground water profile and aquifer

pper layers of the ground_water profile. Therefore, it is prudent to collect soil samples from th

Aqueous Phase’ Liquids (DNAPL’s)] show just the opposite behaviour and can be found in
bns at the base of the aquifer.

746 Sa

7.4.6.1

Information

7.4.6.2

rlple quantity and use of composite samples
Ilt;ty

ites.

site

n

contamination migrates into_ground water in such a way that it is preferentially concentrated in, or

ese

ons
high

on the quantity of material to be collected for soil samples is given in ISO 10381-1.

Production of composite samples

Composite samples may be produced in the field by combining two or more increments. Alternatively,
individual samples can be combined in the laboratory.

NOTE

20

In both cases, a good pre-treatment (i.e. mixing) is essential to obtain a representative analytical sample.
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When the use of composite samples may be considered

Depending on the nature of the investigation, the defined sampling strategy and the objectives of the
investigation, the use of composite soil samples may be considered. In some situations the use of composite
samples may result in dilution or loss of components, and hence the risk of not detecting contamination.
However composite samples may enhance the representiveness of the samples and may be considered in a
number of specific situations.

More specifically the use of composite samples may be considered where

there is homogeneous distribution;

The
vari
be 1
givg

7.4.
Con

deg
loss

there is heterogeneous distribution over a small distance, but over a large distance the)di
homogeneous;

the components are non-volatile or semi-volatile.

use of composite samples may be of assistance in situations where there_may be a largs
htion of composition over a short-scale, but where on a larger-scale the distribution may be cq

ree the possibility of forming composite samples. Compesite samples cannot be made withoy

of volatile compounds. Where semi-volatile compeunds are present, composite soil samp

stribution is

b degree of
nsidered to

omogeneous, for example, where ash or slag is mixed with soil. In this’ifistance, composite sagmples may
much more representative analytical results.

6.4 When composite samples may not be appropriate

nposite samples are not appropriate in all cases and the.type of contaminant will determing to a large

t significant
es may be

preﬂ:\red in the laboratory. The pre-treatment of the composite samples is of vital importance to |ensure that
representative results are obtained.

Whilst the combination of a number of individual samples into a “composite sample” for analysis may increase
the chance that a general contamination will be detected, it is also possible that the mixing process will dilute
a hatspot concentration to below detection-and hence give a false indication in relation to contamination of the
site| Any values used to judge the presénce of contamination should be revised downwards to aflow for this
dilufion effect.

7.46.5 Which samples should be combined

Whether the samples dre) combined in the field or in the laboratory, only adjacent samples from within the
sanje soil stratum should be combined. Combining samples that come from different soil layers wquld result in
a lops of information, and only combining neighbouring samples will also ensure that any large-gcale spatial
varigtion in congeghtrations in the plane of the soil layers will be detected.

7.5| Analytical and testing strategies

7.5.1 ~General

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

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

(the hypotheses); and

a selection of substances of general significance.
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7.5.2 Analysis of soil samples

7.5.2.1

In deciding

Both apprqga

Approaches to deciding on components to be analysed

on the components to be analysed, there are two distinctive approaches:

a component specific approach; and

a broad spectrum approach.

miahi-ba cad in _aithar tha Avalaeatoe ation or tha oaain oiba action

depending

A compong
investigatio

On the othg
the treatme
required.

q

L

7.5.2.2

h mvactio
a2EeAeS g OC—OSTO— I CTaTeT— i \,Aplulunvuy |||vvou3uuu|| O T oo v ootga

bn the objective of the investigation and what is already known about the site.

Int specific approach is a logical choice if the contaminating substances are well known, and
n is only aimed at defining the volume of contaminated soil.

r hand, a broad spectrum approach might be the best choice if you also want.to)know more a
nt potential of that contaminated soil, or indeed, if general information about the soil quali

electing parameters for testing and analysis

Contaminants such as heavy metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn), arsenic} mineral hydrocarbons, EOX

PAH have

are normal
recommend
are to be re

Determinati
be conside
accepted tg

7523 U

Combining
should be ¢

Samples w,
mixed with

proven useful and cover a wide range of urban and industrial soil contaminations. Therefore,

y sufficient when testing the hypothesis of a “probably’ uncontaminated” site, and are

ed for unspecific suspect of contamination. Regional.specialities and national recommendat
garded.

pn of the proportion of organic material (humus), and the proportion of fine-grain size fraction

red necessary in connection with the determinhation of reference or threshold values which
be applicable at the site. (These could, fer.example, include local background values.)

Jsing separate or composite samples

of samples (if permissible), «after pre-treatment in accordance with 1ISO 11464 and ISO 14
arried out in the laboratory.

hich clearly differ, for'example, on the basis of organoleptic evidence, should in general no
other samples, but.Should be analysed separately. Composite samples should normally no

created frofn samples that detive from different horizons or from different depths in a soil profile. Howeve

both cases
appropriate

If composite

necessary,

the sampling strategy based on the conceptual model of the site will determine what is the n
strategy foflanalysis.

they. may be used for a repeat analysis at a later stage. [This is not possible of course

ion,

the

bout
y is

and
hey
also
ons

may
are

b07,

I be
t be
r, in
nost

samples are used, the original samples should be stored separately. This will ensure that, if

for

parameters

that change over time (e.g. volatiles) or due to sample handling (e.g. pre-treatment)].

7.5.2.4

Guidance o

22

Storage and transport of samples

n storage and transport of samples is given in ISO 10381-2.
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8 Exploratory investigation
8.1 General

8.1.1 Basis of the exploratory investigation

The exploratory investigation follows on from the preliminary investigation and is carried out principally to test
the correctness of the hypotheses which have been formulated in relation to the contamination of the site, or,
in more general terms, to check the correctness of the conceptual model that was developed for the site.
Careful design of the exploratory investigation should result in the ability to demonstrate the correctness of the
hypptheses within @ minimum of resources and ume.

Thel exploratory investigation will usually give limited information only. However, depending-onithe |objective(s)
for the specific case, the information obtained may be sufficient for decision making, garticularly when the
follgwing has been achieved:

— | high quality of the results of the preliminary investigation;

— |appropriate planning and performance of the investigation; and

— | not too high demands concerning the reliability of the results.
In ofher situations, the exploratory investigation shall be followedby.a main site investigation (see Clause 9).
8.1.2 Steps to be incorporated

Thel| exploratory investigation shall incorporate the following steps:

— | design of an investigation strategy;

— | carrying out the site investigation and associated analysis of samples;
— | determining the validity of the hypetheses;

— | determining the requirements*for possible further investigation.

8.1.8 Aspects to be considered when drawing up a strategy

Aspects which shouldbe taken into consideration when drawing up a strategy for the exploratory ipvestigation
are

a) |the hypatheses;

b) |uncCertainties in relation to the contamination and the distribution hypothesised, which require|clarification
in‘order to facilitate the most effective design of the main site investigation;

c) any indicated risks to human health or the environment.
These aspects determine the

— media to be sampled (soil, surface and groundwater, soil gas);
— depth of sampling and sampling techniques to be used;

— sampling patterns;

— number of samples to be taken;
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possible use of composite samples;

number of samples to be analysed;

potential contaminants to be determined.

During an exploratory investigation relatively few sample locations will be investigated, compared with the
main site investigation. It is however important for economy to, as far as possible, ensure that the sample
locations selected, and the resultant information collected, can be utilised in the subsequent assessment

deriving from the main site investigation.

In the expld
of contamir
analysis of

ratory investigation particularly, it will be prudent to collect samples representative of all evide
ation during the investigation but to subsequently only analyse selected samples. For-exan
all samples which are obviously contaminated with oil may not be necessary at this stage. B

nce
ple,
it in

utilising visyial assessment, it must be remembered that not all contamination can be identified in\this manner.

It is advisalj

le to use an experienced contaminated site investigator in designing the exploratery investiga

ion,

including sampling strategy and the number of samples to be collected and analysed, and in supervising the
performancg of the investigation to test the hypotheses.

8.2 Sampling strategy

8.2.1 Gerneral

There is aldistinction which can be made based on the results .0f the preliminary investigation and| the
formulated hypotheses between strategies for “probably uncontarpinated” and “probably contaminated” sitgs.
The assesgment of contaminations usually is done considering the relevant pathways. For econonpical
reasons, sgacing and depth of sampling, even at the explaratory investigation, should be chosen so thaf the
results can pe used for risk assessment during later investigation steps.

National reg

ulations shall be obeyed.

The investigation of potential soil contamination’ should be carried out in close connection to the investig3

of the other

matrices in which the contamination might be present, specifically

— ground|water (see ISO 5667);
— surfacg water (see 1ISO.5667);
— soil gas (see}SO 10381-7).

8.2.2 Sampling locations

Two basic

approaches can be used in the exploratory investigation, judgemental sampling and systen

tion

atic

sampling (see=+4)-

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

The spacing of the sampling depends on the objectives of the investigation and most of all on the hypotheses
formulated. Specific recommendations for sample spacing cannot be given. Note that a dependency of
sample spacing on the overall size of the site is — in most cases — not justifiable. The sample spacing should
be defined based on the desired probability of finding a contaminated area with a predefined size. The
definition of both the probability of finding (or missing) such a contaminated area as well as the size of it, is a
policy decision. Therefore national regulations shall be regarded.
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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 strategies should be combined.

If there is strong evidence for serious contamination, sampling patterns of the exploratory investigation should
also be designed to facilitate the design of the following main site investigation. It can be useful to plan the

exp

8.2.

Like
inve

Nat

inve

8.2,

Itis

“sug
locq

loratory investigation in a manner that will assist in optimizing the main site investigation.

3 Depth of sampling

sampling patterns, the depth of sampling depends on the hypotheses and on the {sg
stigation (see 7.4.5).

onal regulations might define certain depths of sampling in relation to specifi¢) objecti
stigation or for application of guidance values.

B Selection of soil samples for analysis

usually preferable to collect more samples than will be analysed. A number of representative s
pect” samples always should be analysed. Thus if samples of the same strata from a numbe
tions appear similar, only a representative number may be submitted for analysis.

Sufficient samples should be analysed to test the hypotheses.“Delineation of contaminant distrib

obje
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For
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NOT
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inve
inve
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If a

ctive of an exploratory investigation.

b Selecting parameters for testing and analysis

vy metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn), As, mineral hydrocarbons, EOX and PAH will usually b
ional specialities and national recommendations are to be regarded.

E A similar approach is usually\appropriate for the initial investigation of suspected areas
pminating substances are unknown.

bre a “probably contaminated” site is being investigated, the investigation might be lim
stances that are expected™ (according to the hypothesis based on the results of the
stigation). However, (Such a limited investigation might well be combined with a broa
stigation (both in contaminants as well as in sampling pattern) in order to obtain additionally
he general qualityyof the site. In general, the selection of the contaminants is directly re
ctive(s) of the.investigation and the defined hypothesis.

reference“yalue for a group parameter is exceeded (for example, the reference value for

organic halegens or the phenol index or mineral hydrocarbons), further useful information can be

detd

ope of the

/es for the

amples and
of different

ution is not

testing the hypothesis of a “probably uncontaminated” site, a limited number of components such as

e sufficient.

where the

ited to the
preliminary
ler defined
information
ated to the

extractable

rmjning” the concentrations of the individual contaminants. However, not always incre
meter values also mean increased concentrations of contaminants. Additionally, the analysi

pbtained by
sed group
of specific

con exploratory
investigation.
8.3 Interpretation 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 during the
preliminary investigation. The testing procedure is carried out in the same way that was made to postulate the
following hypotheses.
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. Is contamination shown to be present on the site?

stage 2: Do the detected contaminants correspond to the expected contamination?
stage 3: Does the identified location of contamination correspond to the expected location?

stage 4: Does the spatial distribution correspond with the expected spatial distribution?

During this testing procedure, it is usual to apply threshold values (usually contained in legislation or guidance
from authorities) to determine whether a site should be considered contaminated or not. If threshold values

are not avg

ilable local hnr‘kgmund values may also he used_aor if npplir‘nhlp in r‘nnjunr‘finn with thres

hold

values.

8.3.2 Risl

If the site is
the contam
accurately

however, p
toallowad

8.3.3 Con
If, based o

separate hy
these differ

8.3.4 Obt

Information

process and the evaluation of the hypotheses should take this recorded information into account.

8.3.5 Che€ck if investigation strategy is adequate

A check sh
adequate i
hypotheses

8.3.6 Re-¢xamining the hypotheses

The hypoth
exceed the

K assessment

contaminated, a subsequent risk assessment may be necessary to establish the 'seriousnes
nation. A risk assessment may be carried out if the quality and quantity of the.data is adequat
bssess the contamination situation. Depending upon the objectives and the“data available
obable that insufficient data (or other information) will be provided by the éxploratory investiga
btailed risk assessment, though it may be possible to carry out a screenifg risk assessment.

sider hypotheses by zone
n the results of the preliminary investigation, the site was ‘divided into a number of zones

potheses, each hypothesis has to be tested separately. The results of the investigation relatin
bnt zones should be considered to determine the possibility of inter-relationships.

pin information on soil quality

on soil quality can be obtained from the-descriptions of the ground made during the samq

puld be carried out in all cases, to establish whether the investigation strategy has indeed b
n view of the nature of~the results that have become available, regardless of whether
have been proved valid,

esis of a “probably uncontaminated” site shall be rejected if some of the substances analy
corresponding threshold values or markedly exceed local background values. In this case, a

s of
e to
t is,
tion

with
g to

ling

een
the

sed
new

hypothesis pf a “(probably) contaminated” site has to be formulated.
If none of the~set of potential contaminants analysed for were detected in any of the samples tested, in
concentrations sigmificantty above the threshotdvatue/background—concentration or other vatues considered

relevant, the site should be ranked as uncontaminated. It must be kept 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 contamination is not possible.

If composite samples have been used in the investigation, possible dilution effects must be considered when
testing the hypothesis.

If a contaminant is found to be in excess of its corresponding threshold/background value, it should be
concluded that soil contamination exists and the related hypothesis shall be accepted.
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Because of the limited objectives of the exploratory investigation, its usefulness to test the hypothesis
regarding the spatial distribution of the contamination of a “probably contaminated” site is limited.

Nevertheless, the hypothesis has to be adapted when possible, and improved with increasing knowledge.

8.3.7 Examples indicating if the hypothesis should be revised or rejected

The

a)

following examples indicate when it may be appropriate to revise or reject the hypothesis.

If the location of contamination was thought to be known and samples were analysed from the identified
likely site of contamination but don't show concentrations of contaminants in excess of the

fhrpqhnld/har‘kgmund value it shall be concluded that the anticipated point sources either were not

8.3.

If th
be {

Wh
dep
site
out

localized or do not exist.

If a “probably contaminated” site, with heterogeneous distribution where the locdtion of
contamination is unknown, was hypothesised, and in order to locate the contamination in the
investigation, a systematic sampling pattern was applied over the entire site, it-must be exp
greater number of samples did not meet the pockets and therefore will show né'significant con

of contamination are much more extensive than anticipated, or it could-be that the contamin
homogeneously distributed than was anticipated.

B Possible actions if a hypothesis is not valid

e results of the hypothesis testing indicate that a hypothesis is not valid, a number of possible
bken.

Consideration should be given to whether the exploratory investigation was accurate and
extent. If required information has not been;obtained or with insufficient degree of co
correction of the works performed or further-investigations can become necessary.

The preliminary investigation should be-reviewed to determine whether the original hypothe
modified or whether a new hypothesis-can be developed.

If a new/modified hypothesis ‘can be verified by the results of the exploratory investigation
main site investigation can/be planned on this basis.

If a new/modified hypothesis cannot be verified sufficiently, further investigation shall be carrie

A discussion should be included in the report on the discrepancy between the original hypothe
results of the-investigation.

bther or. ot 'an additional investigation as part of the exploratory investigation will be wori
end on‘the objectives of the investigation. If, for example, the hypothesis of a “probably uncg

is/fejected, a decision has to be made about whether to review the preliminary investigation
b ‘farther exploratory investigation.

If a large number of samples are found to show contamination, this could-indicate that eithertr
ati

pockets of
exploratory
pcted that a
tamination.
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on is more

hctions may

of sufficient
hfidence, a
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8.4

Reporting the exploratory investigation

The report of the exploratory investigation aims at a documentation and a presentation of information relevant
for decision. In general it should include

the objective(s) for the exploratory investigation;

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

conceptual

model of the site and the hypotheses which were developed as a part of that conceptual model, including

information on the degree of confidence;
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