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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

All investigation programmes to gather information about soil quality need some basic information
about the subject site and its environmental setting to allow appropriate planning of the field work. To
collect this information, a preliminary investigation is carried out comprising desk studies, retrieval
of data from archives and databases, interviews and a site reconnaissance. From the information
gathered, and the observations made, a conceptual site model can be developed including hypotheses
about soil characteristics and their possible spatial distribution.
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hen preparing to investigate all types of site.
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this document is of necessity generic in character. The user will find it useful to prepare
formation about local sources for their own use. National standardsproviding guidance on t
d execution of geotechnical investigations often contain a requirement that a desk study
connaissance should be carried out and thus could providesaiseful guidance about potenti3
information. Similarly, standards covering the demolitioh*and dismantling of old builg
Hustrial plant could provide useful information and guidance.

1is document deals only with the investigation of the‘ground. It should be recognized that th
derelict buildings and/or industrial plants awaitihg demolition, dismantling or refurbis
] urban and industrial sites, but that buildings in a poor state and containing potentially h
hterials could also be present on farms and similar sites. Failure to investigate these buildin
molition could put the safety of workers at\risk or lead to the spread of contamination on ar

cument.

1is document is part of a series\oh sampling standards for soil. The role/position of the s
thin the total investigation programme is shown in Figure 1.
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The investigation programme

Define the sampling plan

ISO 18400-101

Field and soil
observations
ISO 25177

9 with the sampling plan
1SO 18400-102

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

Laboratory
sample
Storage

1SO 18400-105

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

Storage
@ |Test portion prepara;i_o@—g
! O\J
@ | Extrac\t'@s |
G
@ | Analy&a;a'ntification |<—

Choose the sampling strategy
ISO 18400-104

Field
measurements

Produce a sampling report
0-18400-107

Sampling
record

v - —
@ wduce investigation

programme report

% / Investigation N\

8400-103

QA/QC aspect ISO 18400

Health and safety aspect

programme
report

NOTE 1

NOTE 2

vi

|—{ Analyse data against programme objectives |

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

Figure 1 displays a generic process which can be amended when necessary.

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

1is document provides guidance on the design and execution of preliminary investigatiens cq
sk studies and site reconnaissance, and where appropriate, preliminary risk, @ssessm
plicable whenever sampling exercises or investigations are to be carried out to determine sg

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.fincluding any amendmentg

D 11074, Soil quality — Vocabulary

Terms and definitions
r the purposes of this document, the terms and\definitions given in ISO 11074 and the follow|
D and IEC maintain terminological databases for use in standardization at the following add

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

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

nceptual site model
nthesis (mental representation) of all information about a site relevant to the task at hand

mprising
ent. It is
il quality:.

r content
lies. For

) applies.

ing apply.

resses:

including

ferpretation of the~information as necessary, and recognition of uncertainties in the information

Cluding identificatien of what is known to be unknown
te 1 to entry«A-conceptual site model can be presented in narrative, tabular and/or diagrammatic f

P
nceptual site model
oténtially contaminated site> synthesis (mental representation) of all information abg

rm.

ut a site

re

evant to the task at hand with interpretation as necessary and recognition of uncertaint

ies in the

information, including, as appropriate, information regarding the ground, groundwater, surface water,
soil quality, and surrounding environment, and if the occurrence of contamination is likely, the nature
and potential sources of hazardous substances that could be present including soil gases and volatile
organic compounds (VOCs), potential migration pathways, and potential receptors, taking into account,
when appropriate, planned changes of use and anticipated changes in the environmental setting such

as

in groundwater levels or propensity to flood

Note 1 to entry: A conceptual site model can be presented in narrative, tabular and/or diagrammatic form.

Note 2 to entry: The future use or uses will not always be known and could also be the subject of client
confidentiality.
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4 General/principle

A preliminary investigation (Phase I investigation) should always be carried out prior to any intrusive
sampling exercise or site investigation. It should be a two-step process involving data collection
followed by interpretation and reporting. Data collection should always comprise

— adesk study (including when appropriate consultations), and

— asite

reconnaissance (walk-over survey, site inspection).

The assessor should decide the extent and nature of information rpqnirpd inany p:\rri(‘nl;n‘ case takij

into acco|
availabili
uses and
task at h3

It will off
within ed
further ix

When an
would or
be reviey
determin|

The results of the preliminary investigation enable a preliminary conceptual site model to be develop

(see Clau{

In the cq
hypothes
These hy
encompa
geotechn

important aspects of the conceptual site model

NOTE

investigat
investigat
and the ag
Thus, it is]
about the

5 Pha

A phased
investiga

unt the nature of the site, the purpose and the objectives of the overall investigationp¢
Ly of existing information, the size and complexity of the site, known or projected future‘la
other relevant site-specific factors: the investigation needs to be no more detailed than t
nd requires. However, some preliminary information will always be needed.

en be appropriate for a site investigation to be iterative with several stages gf investigati

vestigation reviewed as the investigatory and assessment processes aedeveloped.

investigation is carried out in a number of phases or stages, the-preliminary investigati
dinarily only be undertaken prior to the initial phase or stage. However, the results shoy
ved on completion of the first stage or phase, and after each(Subsequent stage or phase
e whether the conclusions, including any preliminary risk assessment require amendment.

e 8).

se of potentially contaminated sites, the possibility of contamination can be deduced, a
es can be formulated on the nature, location, and distribution of the contamination (8.]
potheses form part of the overall preliminaryconceptual site model that should be developé
tsing not only the contamination aspects but also the geology, pedology, hydrogeolog
cal properties and the environmentalsetting. The current and planned site uses are al

Although the conceptual site model is usually first formally prepared following a preliming
on, it first comes into existence the moment the question is asked whether the site needs to

bd. At that stage, for example;itcould be recognized that the site is agricultural land or is industrial la
sessor will immediately foriil an initial picture about what the site might be like and act according
this initial conceptualsite model and the purpose of the overall investigation that guide decisig
scope and depth of the-preliminary investigation required.

ses of investigation

approach’ as described in ISO 18400-104:2018, Clause 4 should always be taken to s
fion. The principal phases are

he
hd
he

pn

ich phase. The objectives should be reconsidered at each stage, and the requirements flor

bn
1d
to

ed
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V).
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S0
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— preli

minary investigation (this document)

— exploratory investigation, and

— detai

led site investigation.
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Decide if an invesigation is required

!

Decide investigation objectives —
ISO 18400-104, 4.1

!

|Carry out preliminary investigation—Clauses 6 and 7|

| !

| Prepare preliminary conceptual site model —

8|

!

Is

intrusive investigation
required?

Isan
exploratory investigation
required?

Yes

Exploratory investigation — Clause 5 and ISO 18400-104, 4.3.3
Decide objectives (investigation and sampling)

Design investigation

Design sampling strategy

Carry out investigation No
Prepare sampling report
Refine conceptual site model

Isa
main/detailed investigation
required?

Detailed investigdtion - Clause 5 and ISO 18400-104, 4.3.4
Decide objectives (investigation and sampling)

Design investigation

Design.sampling strategy

Carry.out investigation

Prepare sampling report

No

!

No

[ ]
| Prepare factual report I

!

| Refine conceptual site model |

!

| Prepare interpretive report |

Figure 2 — Flow-chart of phases of site investigation for a potentially contaminated site
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NOTE A preliminary investigation is always required but whether intrusive investigation is required, and if
so, whether both an exploratory investigation and a detailed (main) investigation are required, will depend on
the context and the findings of the preliminary investigation (see ISO 18400-104 for further guidance).
Supplementary investigations could be required subsequent to the detailed site investigation in order to
— fill information gaps, and

— design works and, in the case of a contaminated site, select remedial methods, or design remediation
or construction works.

The relatfonship between these phases for a potentially contaminated site is ilfustrated in Figure 2.

Before embarking on any phase or stage of investigation including a preliminary investigation,| it
is important to set data quality objectives in terms of the type, quantity and quality (e.g~amnalyti¢al
quality) of the data and other information that is to be collected. These data quality objectives wfill
depend in part on the nature of the decisions to be made on the basis of the investigation, and the
confidenge required in those decisions. Failure to set data quality objectives at the©utset can lead [to
significantly higher costs, if, for example, the data collected are not suitable or sufficient for a relialjle
risk assegsment, or leave too many uncertainties in the “conceptual site model” (See 8.1).

6 Objectives of preliminary investigations

—e

The obje¢tives of the preliminary investigation should be set out fosmally before the investigation|is

started t¢ ensure that the scope (e.g. sources of information searched) is appropriate.
The preliminary investigation should always provide sufficientinformation to:

— enable a sampling programme including preparation‘of a sampling plan if deemed necessary to pe
designed that is both technically effective and economically acceptable;

— identiify measures required to protect the health and safety of the investigating personnel;

— identiify measures necessary to protect the environment during any subsequent intrusiyve
invegtigation;

— identiify any aspect of the site requiring immediate attention for reasons of health and safety |or
protgction of the environment(€)g. insecure fences, hazardous substances accessible to trespassdrs
or likely to be dispersed by wind or water) so that those in control of the site (e.g. owner or occupigr)
can He made aware of potential liabilities.

Other information releyant to the conduct of the sampling programme should also be gatheregd,
e.g. mears of access for equipment, locations for site facilities (e.g. laboratories, stores, equipmgnt
decontamination), ayailability and location of power and water, etc.,, and whether warfare or other
military activitiesumight have affected the site (including, for example, whether unexploded ordnanice
might be [present).

NOTE In-some jurisdictions, detailed information on the location of WWII bomb hits and, hence, possilI)le
unexplodedordnance 1S avaitabte-

Depending on the nature of the site and the objectives of the overall investigation, specific objectives
could include:

— providing information on past and current uses of the site and surrounding area and the nature of
any hazards and physical constraints;

— providing information on the geology, geomorphology, geochemistry, soil, hydrogeology and
hydrology of the site and surrounding area;

— identifying potentially different sub-areas (zones) of a site, based on differing ground conditions;
potential contamination; and past, present and future uses;

4 © ISO 2018 - All rights reserved
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— identifying areas where informed decisions are to be made using specialist assessment techniques
oradvisors, e.g.ifthere are ecological, unexploded ordnance (UXO) or archaeological considerations;

— identifying the need to involve regulatory bodies prior to intrusive investigation;
— determining whether there is a need to inform the neighbourhood.
And in the case of potentially contaminated sites, specifically to obtain information:

— assessing the likelihood of contamination, its nature and its extent;

— evaluating the environmental setting of the site;

— identifying currentand likely future receptors, potential sources of contamination andlikely pathways
and any features of immediate concern, including those that could be introduced in the futyre;

— providing information from which likely source-pathway-receptor relationships can be identified,
and which can then be used to formulate a conceptual site model to enable the design|of a field
investigation (if required);

— producing a preliminary conceptual model for the site as a whole and/or for zones within|the site;

— providing information for the preliminary risk assessment (see 84).

7| Scope of preliminary investigations

7.1 General/strategy
The preliminary investigation should consist of:

— a desk study, including consultations (see’Z.3) with those who might have relevant information
about the site, in which information on-the history and other relevant aspects of the site, is|collected
and critically reviewed (see 7.2);

— asite reconnaissance (site inspection, walk-over survey) (see 7.4);

— development of a conceptual site model (see Clause 8), which in the case of potentially contpminated
sites should include:

— formulation of hypotheses on the possible type(s) and amount of contamination, migration
pathways (en=2and off-site), and spatial and temporal distribution; together with hypotheses
regarding-other aspects of the site, such as the hydrogeology;

— drawingeonclusions with regard to the need for and scope of further investigations (see $.4);

— identification of any need for immediate actions to protect humans or the environment (e.g. fencing,
removal of superficial deposits).

Inbmesteases—it chouvld ho naccr
HeStEa5e5156t 6o PpoOSSst

humans and other receptors (see 8.3).

hlato malea o
oHEtoHidicC

petential) risks to

The minimum information that should be collected in the preliminary investigation is set out in 7.2
and 7.3 and the procedures on how the information can be obtained are provided in 7.2.3. Guidance on
reporting the results of the preliminary investigation is provided in Clause 9.

The objectives of the preliminary investigation might not require all the elements recommended in 7.2,
7.3 and 7.4, in which case the strategy should identify what elements of the preliminary investigation
are essential and those that do not need to be addressed. Some examples of information that could be
required relating to stockpiles are listed in Table 1, to agricultural sites in Table 2 and wooded sites in
Table 3. Much of the guidance in Table 1 is also applicable to other site types.
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Where elements of a preliminary investigation described in 7.2 to 7.4 are not to be included, these should
be documented in the report, and any limitations on the final assessment arising from the omissions
should be clearly understood by all parties involved and stated in the report.

The strategy should provide for a review of the information obtained at the conclusion of the preliminary
investigation to determine if the objectives have been achieved (and are still appropriate) and whether
there is a need to carry out an exploratory investigation and/or detailed investigation (see Clause 5).

The site should be divided into zones if necessary or advantageous if this has not already been
done (guidance on site zoning is provided in ISO 18400-104). Separate conceptual models should be

develope

NOTE

Care shouild be taken that a focus on separate zones does not obscure the overall picture-and that t
interactions between zones are not overlooked.

potential

The outp
(see Clau
based on

£ 1 4l dn A | Ao 1
[ 1UI T4ACllIl ZUILIT UIdU IS5 TUCIIUITITU.

It is likely that there will be different requirements for further investigation of each zone.

Table 1 — Examples of information requirements for stockpiles

he

ut from the preliminary investigation should include the preliminary congeptual site model
be 8) and, in the case of potentially contaminated sites, a preliminary riskjassessment (see 8{3)
the information available.

General

Site details

History of the stockpile

Material type and
dimensions

stockpile ¥
tialin ord
informati

The effort]

Background information ona

will often be essen-
er to get (general)
bn on the material

to be sampled.

that should be put

tion depe
for sampl
with the s
that is u
purpose.

Prior infd
be essenti
safety asj
the partid

ds on the purpose
ng in combination
ampling strategy
ted to fulfil this

into obtai;Iing prior informa-

rmation can also
b1 for assessing the
pects of sampling
ular stockpile.

The project manager should
establish details of the site
location and access, includ-
ing any perceived hazards
relating, for example, to high
stockpiles, non-consolidated
stockpiles or difficult access.

In some situations,there
could be a differéiice be-
tween the owner of the site
where the stockpile is situ-
ated and théglient for whom
the stockpile'is sampled. If so,
the project manager should
contact the site owner in
order to get access to the
stockpile and be informed
about any site specific health
and safety regulations to
comply with.

The project manager should
establish ‘a*history of the
stockpil€’in order to deter-
mine ‘the potential environ-
mefital risks involved. The
history should include the
period before the soil or
other material was placed
in the stockpile. The his-
tory of the stockpile should
be based on the location(s)
where the material in the
stockpile originated from
and the processes that oc-
curred on that site. It should
also include the process in
which the stockpile was
formed (e.g. placement in
layers, placement by end-
tipping, “single” or mixed
materials) as this can give
prior information on the spa-
tial variability of material
within the stockpile.

establish the material char-
acteristics (e.g. soil type,
water content, particle size
distribution, maximum pdr-
ticle size) and dimensions jof
the stockpile to be sample(d.

The project manager shoald
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Table 2 — Background Information requirements for investigation of agricultural sites

Owner and occupiers.
Relevant requirements in lease/rental agreements.
Soil type(s).

Whether the land to be investigated is used for raising crops or animals and the history of these activities
(e.g. what crops or animals and when).

Wheatharthao form ic “organic” oy conuantional
W-Here+Re-a-- £ ¥ et

Whether genetically modified crops are grown.
Use of pesticides, soil amendment materials, and fertilizers, and how these have been appliéd.

If organic wastes (e.g. farmyard manure, sewage sludge) has been spread the time period that hgs elapsed
since this was done (important for safety in respect of the possible presence of pathogens).

Current or past presence of plant or animal pathogens (7.2.4).

Presence of ground-nesting birds.

Whether irrigation is used and if so in what form.

Presence of areas of stressed vegetation.

Location of areas of wet ground and/or ground liable to flooding.
Location used for servicing farm machinery.

Location of waste deposits (slurry ponds, dung heaps, etc.).

Location of animal burial pits and filled ponds:

Location of natural water courses and drtificial drainage ditches.
Location of any in-ground drainagesystem (e.g. presence of land-drains).

Location of any old redundant or little used machinery (could be a hazard, impede investigatign or be a
source of contamination).

Presence of fuel tanks.

Presence of underground fuel or gas pipelines (hazardous and there could be severe restrfctions of
excavation overwide zone).

Presence.of.overhead cables.

Presence of public rights of way (footpaths, bridle paths, etc.) or a “right to roam” (e.g. public accefs subject
to Spine restrictions).

Non-farming activities in buildings (e.g. vehicle maintenance, workshops, storage).

Presence of ecologically sensitive areas or features within or close to the site (farm buildings often house
protected birds and bats).

Presence of archaeological remains.
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Table 3 — Examples of background information requirements for wooded sites

Ownership and occupiers.
Soil type.

Type of wood (e.g. deciduous, conifer, mixed, natural or planted, managed or unmanaged, coppiced, ancient
woodland).

Other plants present and whether these can be trafficked (and if so when).

Wild}ife-present-

Domesticated animals or birds present.

Presence of public rights of way (footpaths, bridle paths, etc.) or a “right to roam” (e.g. public access’subjeft
to some restrictions).

Presence of ecologically sensitive areas or features within or close to the site.

Presénce of archaeological remains.

7.2 Depk study

7.2.1 (Qeneral

A desk study should include collection of all relevant information on the site, e.g. references to the
location, |infrastructure, utilization, historical information.. It should comprise a combination |of
documentary research (see 7.2.1) and consultations (see Z3). The search radius around the site for

which infprmation is to be gathered should be specified at'the outset of the investigation.

The site Ipcation and site boundaries should be accurately established before any investigatory work
commended.

e

S

The desk study should include, as approptiate, the following topics, amongst others (see also

Tables 1 to 3):

a)
b)

f)

g)
h)

j)

owngrship and occupier(s);

procg¢sses and other actjwities that could have been potentially contaminative or could haje

the h£story of the site and adjojning areas, with particular attention to the nature of any industrjal
modified the ground structure to create potential migration pathways;
revigw of any previgus‘desk study or investigation of the site;

the geological, \geomorphological, geochemical, hydrogeological, hydrological, topographicpgl,
archaeologicaland ecological setting of the site and surrounding area;

potemtial\ receptors of contamination (for example, trespassers, current and intended usefs,
consf{ruction workers, surface waters, ground waters or nearby water abstractions, ecologi¢al
receptors, property);

the proximity of waste disposal sites or other sources of contamination that could have an impact
on the site;

on- and off-site incidents that could have had an impact on the site such as fires or spills, etc.;

the existence of naturally occurring harmful materials, such as radon, or naturally elevated
concentrations of harmful substances;

the presence of any mining activities;

proximity to ecological sensitive sites or water protection areas;
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overhead services or obstructions, noise, working hours, etc.);

any constraints on an intrusive site investigation (access or height limitations, underground and

1) the potential for the site to contain or have been affected by unexploded ordnance (UX0)[2];

recorded of the future use/characteristics of the site;

use of neighbouring sites) that could have an impact on the assessment.

review of developers' designs and plans where the site is to have a change of use, with details

any foreseeable events or changes (e.g. flooding, rising groundwater, planned or likely changes of

Sdurces of information that it could be useful to consult are publications, maps (check thecag

arly map used and check whether there is a reproducible graphic scale), aerial photography,

imagery, and records held by official bodies (see Table 4). Particularly important)is’ inf
or] the physical and chemical properties and the possible spatial distribution of-the’ soil p
urider investigation; special attention should be paid to geological features such)as stratign
hydrogeology.

The sources of information available for use in preliminary investigationgywill vary from c

curacy of
satellite
ormation
arameter
aphy and

buntry to

cquntry and jurisdiction to jurisdiction and thus the guidance given about sources of information

in|this document is of necessity generic in character. The user will-A{ind it useful to preparg
information about local sources for their own use. National standardsproviding guidance on t
arjd execution of geotechnical investigations often contain a requirement that a desk study
reconnaissance should be carried out and thus might provide Gseful guidance about potentia
oflinformation.

Table 4 — Examples of documentary sources of information

detailed
he design
r and site
I sources

— Detailed maps of good quality: for example, regional maps at scale 1:25 000, local maps at sd
to 1:2 500 on which provisions such asutility lines are indicated, historical maps, s
hydrogeological maps.

—  Where structures are present, detailed\plans — preferably in the form of “as-built” drawings r3
“as-planned” drawings.

— Maps and databases relating to the geology, pedology, hydrogeology and hydrology of the site and
— Aerial photographs (black-and white, colour and infrared).

— Archives of: current or’ previous licenses, owners or users, current or previous developmg
information obtainable from offices of land registry (for example, municipalities, provinces, pul
companies) with\espect to both the site under consideration and adjacent sites.

— Trade and street directories to establish former users of the site and the potential activities.
— Satellitesimagery.

— Retords of land surveyor's offices, geological surveys, water management boards, industrial i
boards, mining boards, mining companies, geotechnical institutions, regional and local city

ale 1:200
bil maps,

ther than

the area.
nt plans,

lic utility

hspection
archives,

agricultural and forestry authorities and building supervisory boards.

— Documentary records, particularly any previous desk study or investigation reports held by the current
(and former) owners of the land, trade directories, the local government records and local libraries.

— Registers of regulatory permits, decisions, and interventions by regulatory authorities.

7.2.2 Information on past and present use

The rapid growth of urban areas has resulted both in the absorption of areas which were
rural and in the change of use of existing urban land. Contamination within urban areas is
frequently the result of some historic industrial process that has occurred on the site, or ne
information to be collected for both urban and industrial sites is very similar.
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Itis important to recognize that an agricultural site or a wooded site could be a potentially contaminated
site, not only because of activities carried out on the site but because they were developed in the past on
potentially contaminated land, for example an old refuse disposal site (landfill) or mining waste. This
could have significance for agricultural performance of a site and the health and safety of investigator;
hence the need for a good site history to be developed.

Data gathered on historic and current use of a site should, where relevant, provide information on the
following (subject to any agreed limitations within the objectives):

— any development, building or other activity that has taken place on the site and its immediate
sSurrq uudiuga,

— any specificactions that were taken in the past, and any materials that were used (including chemigal
composition when available), in connection with industrial, building or other activities on the sitg;

— indugtrial or other activities which have been (or are currently) potential causes of soilContaminatipn
[production processes, storage facilities, materials transport facilities including underground
railways with an indication (as precise as possible) of the location(s)];

— detaills with regard to cables, conduits, areas of soft landscape and areas-of hard landscape, arejas
of made ground and areas of tipped material, effluent treatment, sludge-disposal, surface drainage,
chemical storage, underground tanks, waste materials, building rubblejetc.;

— information on adjacent land use (present and intended) which could affect the site under
invegtigation;

— any ipcidents such as spills or detected leakages of potentially harmful liquids from tanks, piples
and drains on the surface or underground;

— depopition or burial of industrial, agricultural or\domestic waste or temporary stockpiling |of
leachfable materials (for example, road salt);

— preseénce of wind or water dispersable dust;

— demgqlition of industrial structures andodispersal or burial of contaminated rubble and other
matefials;

— impoprtation of potentially contaminated fill material onto the land.
In additidn, it should be determined whether unexploded ordnance (UXO) is likely to be present[2].

Any availpble plans of the previous or current layout of different usages on the site should be inspected,
as well ad any plans of sitedrainage or underground services. Other information sources that should pe
consulted, as appropriate; are listed in Table 4.

The level pfhistorical research undertaken should be compatible with the objectives of the investigatign.
The extent of res€arch into the history of the site should take into account factors such as the complexity
of past poteritially contaminative uses on and adjacent to the site, the vulnerability of the site geology
and locaﬂ)water environment, and the degree of confidence required by the client and/or regulatpr.
The methods and extent of research should be agreed with the client (and regulator when required) in
advance and modified as necessary according to the findings of the preliminary investigation.

NOTE Information with regard to similar sites elsewhere can be used for comparison. Examples of some
land uses that can give rise to contamination are listed in Annex A. This provides guidance on contaminants of
potential concern and the receptors that might be impacted (Tables A.1 and Table A.2) and on the association
of potential contaminants with particular industrial uses of land (Tables A.3 and A.4). Published sources of
guidance on the characteristics of sites operated by particular industries include a series of industry profiles
published in the UKI[10] and best practice guidance notes produced in connection with integrated pollution
control[11l. The UK industry profiles (listed in Annex A) provide developers, local authorities and anyone else
interested in contaminated land with information on the processes, materials and wastes associated with
individual industries. Among other organizations publishing useful guidance on particular industrial sectors is
the US Environmental Protection Agency (see for example References [15] to [17]).

10 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=4e8f491cbe9b1c76f079f84ebf6533ed

ISO 18400-202:2018(E)

The UK industry profiles provide information on the processes, materials and wastes associated with individual
industries together with information on possible contamination, factors that affect the likely presence of
contamination, the effect of mobility of contaminants and guidance on the characteristics potential contaminants.
They are not definitive studies, but introduce some of the technical considerations that need to be in mind at the
start of an investigation for possible contamination. They do not record much anecdotal information that those
that have worked in an industry can provide, for example, industry specific information about what was common
or bad practice regarding waste disposal. Site specific knowledge can be even more valuable as explained below
(see 7.3)

7.2.3 Information on geology, pedology, geomorphology, hydrology and hydrogeology

Information should be collected on the geology and pedology of the area and the hydrélegical and
hyidrogeological situation as far as available. The scale at which this information should\be follected,
anld the degree of detail that is required, depends on the defined objectives of the investigatiop.

The collected information should include:
— anticipated soil profile (natural and anthropogenic);

— obvious soil components (native or introduced) and their distribution regarding a statem¢nt on the
homogeneity of the material;

— geomorphology including indications of artificial changes in tdpographic levels and landf¢rm;
— the nature of the underlying ground and the thicknesses’of'the underlying strata;
— presence of aquifers (number and type) and thicknesses;

— whether impermeable strata overlie an aquifer;

— tidal and seasonal variations in groundwaterlevels;

— groundwater flow direction(s), both on‘a regional and a local scale and variation with time (if
possible);

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

— the presence of groundwater springs and wells and other abstraction points and any grojindwater
and soil gas monitoringinstallations;

— results of previots'soil investigations at the site or its immediate surroundings, like boreholes or
other forms of (geotechnical) investigations, in connection with, for example, building activities,
and results. @f any chemical investigations;

— information on background geochemical aspects of soils and groundwater;

— properties of the contamination which could be relevant with respect to the local soil strjucture or
proefile (for example, humus in the ground could absorb contaminating organic compounds).

NOTE Observing the land surface could provide important information about the development of natural
and/or anthropogenic (made or filled) ground, and will assist the assessment of drainage patterns.

7.2.4 Ecology and archaeology

The preliminary investigation should determine whether the site (or its immediate environs) has been
designated as an area of ecological or archaeological significance.

NOTE1 If it has been so designated, it is likely that there will be constraints on the methods of ground

investigation that can be used. It is also likely that ecological and/or archaeological surveys and desk studies will
need to be undertaken before any contamination-related or other intrusive field investigations.
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The preliminary investigation should also determine by enquiry whether it is known that there are
species (e.g. bats, nesting birds, water voles, bats) or habitats present subject to legal protection.

NOTE 2  The presence of these species or habitats could restrict the timing or method of investigation. The
species, etc. subject to protection are likely to vary between jurisdictions.

NOTE3  The preliminary investigation might indicate that there are possibly previously unidentified species
(e.g. bats, nesting birds) or habitats of importance present that might be subject to legal protection, in which case
the report might recommend that an appropriate ecological survey is carried out.

The presence of invasive plant species, such as Japanese knotweed (Fallopia japonica) and giant hogweed
(Heracleym mantegazzianum), or infective agents such as those responsible for foot/hoof and mauth
disease (flphatae epizooticae), and Rhizomania [Benyvirus; beet necrotic yellow vein virus (BNYVW)]|or
Ash diebdck disease (Chalara fraxinea) should also be determined. Care should be taken during the site
reconnaissance not to do anything that could lead to the spread of any such organisms.

Similarly|subsequent ground investigations should be designed to avoid any spread of-these species [or
infections.

NOTE 4 | The listing of invasive and noxious plants above is not exhaustive.

NOTE5 | The presence of Japanese knotweed can add to waste disposal costs and-other remediation costs.

7.3 Consultations

Relevant parties should be consulted, normally in parallel with the documentary research. This shoyld
include, when appropriate, consultation with authorities abouf the current use of the site includipg
environmental and operational permits and discharge conseénts (i.e. permits to discharge water [to
sewers oI water courses).

Among tHose officials or organizations that could be consulted are those responsible for
— manggement of contaminated sites on behalfof governments or local governments,
— manggement of groundwater and surfacé-water resources,

— physical planning,

— contyolling environmental impadts such as noise and air pollution,

— ecolagically sensitive sites,

— storage of petroleum@nd other hazardous substances,

9%
Q.

— sites|protected because of their scientific values (in some jurisdictions these can include valu
geoldgical exposures), and

— archaeolegical and other heritage sites.

Client appraval should he obtained hefare entering consultations with third parties and regulatars lin
case of confidentiality issues.

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., to obtain for example, further
information on, or enhance knowledge of, suspect locations or features, underground services, etc.
The accuracy of such anecdotal evidence should be treated with caution unless the information can be
confirmed by an independent source. Such consultations can be combined with the site reconnaissance
(see 7.4).
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7.4 Site reconnaissance

A reconnaissance of the site, neighbouring land (i.e. adjacent to the site) and the surrounding area
should be made after available historical information and other relevant information has been obtained
and collated. The area around the site for which information is to be gathered should be specified before
the site reconnaissance is carried out.

Arrangements for the reconnaissance visit, including access, should be agreed with the client and the
site owner and/or occupier, as appropriate, before being undertaken.
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meone familiar with the site, such as a plant manager, person in charge of maintenanee
ficer in the case of an industrial site.

health and safety risk assessment should be carried out before the visit. This~assessme
based on the results of the desk study, but should be refined once the prelinfihary invest

any doubt as to the presence or degree of contamination then protective gquipment should
rsonnel undertaking the visit should be briefed on any hazards (e.g. physical, chemical, b
at could be encountered and any precautions to be taken. Old buildings, etc. could be sty

rther guidance on safety, see ISO 18400-103).
TE1  Assessment of the condition of a building might require-advice from appropriately qualified

strategy for the visit should be decided in advancecand suitable plans, checklists and
cumentation prepared.

le principal objectives of the visit should be to:
verify information on the site collated during the desk study;

collect additional information about._the site and its environs and, in the case of p
contaminated sites, any potential sentaminants, pathways and receptors;

record observations of aspects.df the site and its environs not revealed by the desk study,
the presence of invasive plantspecies;

collect information thatwill assist in the planning of any subsequent phases of field inv¢
(for example any censtraints to access).

re should be taken.during the site reconnaissance not to do anything that could lead to the
tentially harmfulorganisms (see 7.2.4).

pical observations to be made during a site visit are:

current usage and state of the site;
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or safety
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igation is
ere there
| be used.
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sound and should only ever be entered after an assessment of the potential risk of doing so (for

expert.

reference

btentially

including

pstigation

spread of

site access and ease of movement on-site, and conditions which could prohibit sampling 4

t 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);

— presence of hazardous materials;

©

evidence that topographic levels (altitudes) have changed (both increases and decreases) as a result

of human activity or natural processes;
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— indications of contamination or other adverse conditions (e.g. vegetation stress or lack of plant

grow

th, presence of visual staining or fibrous materials);

— visual evidence of contamination on or entering or emitting from the site or the presence of odours;

— condition of any surface waters;

— evidence of water abstraction points;

— existence of any ground water or soil gas monitoring wells;

— surfd
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desk study. Raised ground and artificial slopes could be indicative of made or filed“grou
genic ground).

ps still remain in which potentially contaminating processes could have taken place, the p4
nt usage should be reviewed and the buildings inspected for evidence of,aetual and potent
ationlZ]. However, care should be taken to ensure that it is safe to enter-any building befq

raphic record should be made illustrating the site as a whole, 'and particular features

should be noted in the report of the investigation).

the site reconnaissance anything is seen that is considered likely to pose an immediate thr¢
health and safety or the environment, this should be-reported immediately to whoever is
[ the site and to regulatory authorities or fire and.jpolice authorities when appropriate so th
tial urgent action can be taken.

Sampling is not usually undertaken during a site reconnaissance. However, it could be approprig
here materials are identified during the visit that could potentially present an immediate hazard
b receptors. This ought only to be uhdertaken if it can be done safely using appropriate containg
‘tive equipment. If not, an urgent exploratory investigation could be planned where the objective is
whether an immediate riskisypresent from the identified site materials.

elopment of thepreliminary conceptual site model

erall conceptual site model

mation«from the desk study, site reconnaissance visit and consultations should be collat

when appropriate, contamination-related and other hypotheses. This requires sor

Detailed guidance on the field inspection of\buildings prior to decommissioning or demolition| i
provided in CIRIA, SP102(7Z].
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htien of the available information and explicit recognition of uncertainties in the availali
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information including identified information gaps.

The scope of, and level of detail in, the conceptual site model should take into account the objectives of
the investigation and requires judgement on the part of the person preparing the model.

NOTE 1

The development of a conceptual site model can aid greatly in the understanding of the site and t

he

risks it could 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) could be achieved and other works carried out.
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NOTE 2  Detailed guidance on formulating an initial conceptual site model is outside the scope of this
document. ASTM E1689-95[6] and National Groundwater and Contaminated Land Centre report NC19913812[12]
give guidance on formulating a conceptual site model. In addition, various other International Standards (e.g.
References [1] to [5]) give guidance on the characterization of soil and soil materials for particular purposes
and consequently provide information on what parameters and characteristics could be relevant in particular
situations.

The preliminary conceptual site model should identify as appropriate, and possible:

a) potential types, depths and extent of soil, groundwater and soil gas contamination present in
different zones of the site;

b)| the likely vertical and horizontal stratification of natural and man-made layers beneath t]l\e site;

c)| strata variability (occurrence and thickness) in different areas of the site and’their relative
permeability, both vertically and horizontally;

d)| potential migration routes (including airborne dispersion);

e)| the presence of physical features such as service trenches, drainage runs, soakaways, underground
storage tanks, power lines and former foundations that could influence the occurrence or migration
of contamination or provide a constraint to investigation;

f)| the occurrence of any biological, chemical or physical procCesses that could affect corftaminant
concentrations and migration;

g)| the characteristics of groundwater bodies beneath the'site, including groundwater levelq and flow
directions;

h)| the presence of surface water bodies on, or adjacent to, the site;

i)| the presence and planned (or potential) presence of human receptors;
j)| presence of other actual or potential.féceptors;

k)| presence of noxious organisms;

1)| presence of legally protected species or ecological systems, other environmental features (e.g.
nesting birds, geological exposures) and archaeological features;

m) any foreseeable event/ for example rising groundwater, variable sea water levels dr nearby
construction, that might affect any of the above.

The preliminary-Conceptual site model should also include hypotheses about the presencq of made
ground, underground obstructions, buried river channels, the expected directions of groundwjater flow,
nymber of aquifers and details of groundwater recharge, permeability of the ground, the physical and
chemical properties of the expected contaminants, their possible degradation products, th¢ location
arnd formoef the contaminant source, duration, etc.

In[the case of a potentially contaminated site, the conceptual site model should provide a d¢scription
and/or representation of the site, incorporating what is known about the ground and groundwater
conditions, the actual and potential contamination, the physical conditions and environmental
setting, the current and past uses of the site, the receptors, and potential pathway linkages between
contamination sources and receptors, foreseeable events such as flooding, changes in groundwater level,
global warming, extreme weather conditions, the closure of mines, etc.; in fact, all information relevant
to the task in hand. Depending upon the objectives of the investigation, it could be relevant to consider
new future receptors associated with the construction and completion of a new development, as well as
existing receptors. The conceptual site model leads, for example, to the formulation of contamination-
related hypotheses (see 8.3 and ISO 18400-203), which the investigation process examines through the
collection of relevant data.
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In the case of other types of site (e.g. agriculture or woodland) and soil characteristics (e.g. biological,
fertility, physical) it could similarly be helpful to prepare formal hypotheses that can be tested during
the subsequent sampling or other intrusive investigation.

When further investigations are carried out the additional information should then be used to refine
the conceptual site model.

Where there are data gaps or uncertainty in the initial conceptual site model, these should be
highlighted.

8.2 Characteristic distributions of the physico-chemical properties

Soil matefials are inherently variable in composition. A key element of sampling programme design (see
ISO 1840/0-104) is an understanding of the main components of variability in the soil being .sampled
(the poplation).

Two distinctive types of variability can be distinguished
— atsmall scale, that of soil particles, i.e. fundamental variability, and
— atlarge scale, i.e. spatial variability.

NOTE 1 |Scale is an important concept, as heterogeneity is a scale-dependent characteristic: soil propertjes
show less|heterogeneity with large-scale measurements than with small-Scale measurements. Variability can
occur at all scales from that of sample increments to that of large volumes-or even the whole site of interest. Tyvo
scales of spmpling are usually considered: the scale of the sample and the scale of the assessment. These rargly
coincide.

NOTE 2 | Scale in the context of determining background values'is discussed in ISO 19258:2005, Annex A.
NOTE 3 | When developing the conceptual site model, the-substance of concern might:

— occur|predominantly in solution in the pore water-and that consequently care should be taken to capture apd
retain the water during sampling;

— be present as, or occur in, a non-aqueous/phase;
— be concentrated in plant roots havingbeen taken-up or adsorbed from the soil.

The antidipated variability at varying scales should be considered when developing the preliminajry
conceptupl site model and the-suibsequent investigation should include among its objectives an ajm
to “discldse” this variabilityZWhen temporal effects are expected based on the process by which the
stockpile|or other depositwas formed (see NOTE 4), these effects should be taken into account.

NOTE 4 | One cause ofigpatial variability can be temporal variability in the nature and composition of the soiljor
soil materfals making up the soil volume (population that is to be sampled). Examples of when this might be the
case incluge:

— when|materials have been deposited in stockpiles or otherwise on the ground surface over a period of time
(e.g. Hy'end tipping or controlled placement in layers); 'In

— when there have been a number of flooding events;
— when there have been a number of land slips or similar events.

Hypotheses about variability developed as part the preliminary conceptual site model could, for
example, include:

— the population can be considered homogeneous (within the limits of interest) and only the level of
the properties of interest need to be determined;

— the population is suspected to have varying characteristics with different spatial gradients;
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— the properties under investigation are not homogeneously distributed in space and the average
value of the characterizing property is of interest;

— the properties under investigation are not homogeneously distributed in space and the spatial
variability of the properties is of interest;

— there is one or more areas of considerable deviation in characteristics from the rest (i.e. hot spots)
that should be delineated in subsequent investigations.

8.3 Formulation of contamination-related hypotheses

Bgsed on the results of the preliminary investigation, hypotheses should be formulated in‘rglation to
the probable nature, variation and spatial distribution of contaminating substances thatave anticipated
or] the site.

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

Hypotheses relating to individual substances that can then be incorponated into a conceptual dite model
should be developed, 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 cpnceptual
mpdels for individual zones can be combined into a conceptual site model for the site as a whole. This
site-wide conceptual site model is used to design the sampling'strategy to be employed in the next stage
oflinvestigation.

However, before deciding on the sampling strategy, it is'first essential to determine for each fone (and
for the site as a whole) from the information available, whether it is reasonable to expect|the zone
or] site to be contaminated or not, i.e. whether the zone (or site) should be categorized as {probably
urjcontaminated” or as “probably contaminated”. Some possible formal hypotheses that can be
tepted during the intrusive phases of investigation are (a detailed description of each is prpvided in
ISP 18400-203:2018, Annex A):

— hypothesis of “probably uncontdininated” site or zone;
— hypothesis of “probably contaminated” site or zone;

— hypotheses relating to.Spatial distribution of contamination, e.g. heterogeneous, homogeneous.

8.4 Preliminary qualitative risk assessment for potentially contaminated sites

A [preliminary_qualitative risk assessment should be undertaken once the initial conceptual site
mpdel has beemr-formulated and the potential source-pathway-receptor linkages identified. Where

[Toweszerswhere Hitle or no nravigus inue ationhasb saderts atiy
can be made. The effects of uncertainties in the information available on the outcome of a risk
assessment should be identified and recorded.

NOTE1 When pre-existing data about the concentrations of potentially hazardous substances, etc. have
been collected during the desk study and these data are sufficient in terms of quantity, type and quality, it could
sometimes be possible to use this data to prepare a preliminary semi-quantitative risk assessment based on
comparisons of the data with generic assessment criteria. If this is done, it is important to describe the limitations
of the available data.

NOTE 2  Guidance on carrying out a formal risk assessment is outside the scope of this document. Risk
assessment covers:

a) identification of contaminants, pathways and receptors;
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b) estimation of the likelihood, nature and extent of exposure to a hazard, and the risk of adverse effects;

c) assessment of the likely pollutant linkages and the degree of risk;

d) evaluation of the need for controlling the identified risk. Site investigation provides baseline information for

stage
NOTE 3

NOTE 4

a) of the process.

A conclusion of the preliminary risk assessment could be that no further investigation is required.

The preliminary risk assessment might identify soil properties such as particle size distributions and
organic matter content that need to be determined in subsequent phases of investigation to enable the potential

: b . b b 1 1 |
1mpact of gontanritrantstobe PTroperiy asstssctu:

8.5 Further investigations

The findipgs of the preliminary investigation should form the basis upon which the requiremeént for t

Scopes arj

The risk

further investigation considered (see Figure 2), based upon the quantity and quality of previous s
investigation information available, the level of confidence required in the characterization of grou

condition

9 Reporting the preliminary investigation and the canceptual site model

The preli

conceptufl site model and individual hypotheses will stand 6ut as a clearly recognizable, identifiab
section of the report.

A report
findings

concernimg the anticipated site conditions (e.g..geology, hydrology, possible contamination) which g

relevant 1
ground it

Table 5 p
Where el

limitations on the final assessment’arising from the omissions should be clearly stated.

The repo
— table
—  sumfj

— intro

d phasing of subsequent exploratory or detailed investigations are decided.

s and hazards, and the results of the risk assessment.

minary investigation should be reported in such a iay that the initial formulation of t

should be prepared documenting the sources' of information and summarizing the factu
of the preliminary investigations, and \stating the conclusions (or hypotheses) dray

o the design of the sampling programmnie, and recommendations for further research and
vestigation.

bments in 7.2 to 7.4 are notincluded, this should be documented in the report and any resulti

-t should follow a.formalized structure and the contents should include
of contents,
nary,

ductiofr,

fovides a detailed list of the information that should be included in the report as appropriatg.

he

assessment and the objectives of the investigation should be reviewed*and the need for

te
hd

he
le,

h

anc’

— objed

— details of the research (including sources of information which can be given in an appendix for
convenience),

— detai

Is of the site (including gathered information and the results of the site visit),

— discussion and formulation of hypotheses,

— concdl

usions,

— recommendations (e.g. further investigation), and

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

18
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The report should include detailed site maps and sections showing all relevant information (e.g.
identified sources of pollution, groundwater flow direction).

Table 5 — Information to include in the report of a preliminary investigation

1 Information collected on past and present uses of the site together with details on geology, pedology
and hydrogeology:

— all aspects mentioned in 7.2 and 7.3 should be discussed, and details should be provided of all the
sources that have been consulted;

— indications should also be given about where there are possible gaps in the informatioh that has
been obtained, and any other constraints or limitations of the survey;

— arecord of where a source of information has been accessed, but no specific informgation was
available.

2 Arecord of the site reconnaissance and the observations made during the site reconnaissarjce in-
cluding:

— a plan showing the location of observations together with photegraphs where necegsary (the
direction from which the photographs were taken should be shown on the plan);

— photographs showing the general condition and layout of the-site.

3 Arecord of anecdotal evidence which has been obtained, together with:

— the name of the persons interviewed;
— the date of the interview;

— the relationship of the interviewee with thesite (i.e. their function and the period durjng which
that relationship existed, as this can be aseful for assessing the reliability and relevance of the
information).

4 A full discussion and a full description-ofthe development of the conceptual site model, including:

— the hypotheses which have been formulated;
— the conclusions relating to the-presence or absence (and the type and nature) of the contajmination;

— the spatial distribution, and details of delineation into zones for which the different hypotheses
have been formulated.

5 In the case of a “probably uncontaminated” site, the arguments supporting this conclusion should be
included.

6 In the case of a.“potentially contaminated” site, the following elements should all be discusged where
relevant:

— the¢ature of the source(s) of contamination and the manner in which the contamingnts were
introduced into the soil;

—=_Ja list of possible contaminants (and if applicable their chemical specification);

— the spatial distribution that is anticipated and the expected distribution and locatijon of the
contamination in the soil, surface and ground water, and soil gas.
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Annex A
(informative)

Contaminants of potential concern and industry/contaminant

matri

X

Guidance|on why particular substances could be of concern and the receptors to which they could
hazardous is provided in Tables A.1 and A.2 which are derived from Reference [14].

Tables A.B and A.4 which are based on guidance published in the United Kingdom[14] provide €xamples

of the aspociation of important potential contaminants with industrial uses of land. ‘More detail
reviews ¢f such substances are provided in the industry profiles in Reference [10]-¢orresponding
each of the industries listed in the tables.

The infofmation provided in Tables A.3 and A.4 is not entirely comprehensive. The selection
contaminants of potential concern on individual sites needs to be based on@-detailed evaluation of t
past uses|of the land in question - substances might be present that are not listed in the tables.

Table A.1 — Potential inorganic contaminants for the assessnment of industrial land and thei

be

ed
to

of
he

receptors(14]
Receptors
C¢ontaminants? Humans Water Vegetationand | Construction
ecosystem materials
Metals
Barium — X — —
Beryllium X X X —
Cadmium| X X X —
Chromiurp X X — —
Copper — X X —
Lead X X X —
Mercury X X X —
Nickel X X X —
Vanadiunj X X — —
Zinc — X X —
Semi-metals and non-metals
Arsenic X X — —
Boron — X X —
Selenium X X X —
Inorganic chemicals
Sulfur X — X X
Cyanide (complex) X X X X
Cyanide (free)b X X X —

generally.

cyanide at pH 4 and 100 °C.

a  The list should not be regarded as a comprehensive list that should be taken into account in any particular site
investigation. Some contaminants will be of no importance on certain types of site, while some sites may be contaminated
by elevated concentrations of particular substances, which may not be listed because of their infrequent occurrence

b Free cyanide is broadly equivalent to “easily liberatable cyanide”, which covers compounds that can release hydrogen

20
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Table A.1 (continued)

Receptors
Contaminants? Humans Water Vegetationand | Construction
ecosystem materials
Nitrate — X — —
Sulfate — X X X
Sulphide — X X X
Other
Akbestos X — — +
pH (acidity/alkalinity) X X X X
a | The list should not be regarded as a comprehensive list that should be taken into account jn‘any parficular site
investigation. Some contaminants will be of no importance on certain types of site, while some sité€s\may be corjftaminated
by elevated concentrations of particular substances, which may not be listed because of thein infrequent ¢ccurrence
gdnerally.
b| Free cyanide is broadly equivalent to “easily liberatable cyanide”, which covers compounds that can releas¢ hydrogen
cyanide at pH 4 and 100 °C.
Table A.2 — Potential organic contaminants for the assessmernt of industrial land angl their
receptors[14]
Receptors
Contaminants? Humans Wateér Vegetationand | Construction
ecosystem materials
Aretone X X — +
Ojl/fuel hydrocarbons X X X Xb
Aromatic hydrocarbons
Benzene X X X Xb
Chlorophenols X X X Xb
Ethylbenzene X X X Xb
Phenol X X X Xb
Toluene X X X Xb
o{Xylene X X X Xb
m,p-Xylene X X X Xb
Pplycyclic aromatichydrocar-
X X — 1+
bpns
Chlorinated aliphatic hydrocarbonsc
Chloroform X X X +
Carbongtetrachloride X X X Xb
a| The list should not be regarded as a comprehensive list that should be taken into account in any parfjicular site
investigation. Some contaminants will be of no importance on certain types of site, while some sites may be corjtaminated

by elevated concentrations of particular substances, which may not be selected because of their infrequent occurrence
generally.

b The impact of chlorinated hydrocarbons and other organic substances is probably limited to concentrations in the
free phase.

¢ Some chlorinated aliphatic hydrocarbons are considered to be of secondary importance and are therefore excluded
because they are less toxic, highly volatile or have limited industrial use. However, some highly volatile substances may be
significant due to their solubility and are not excluded on grounds of volatility alone.

d  There are 209 polychlorinated biphenyl (PCB) congeners, the significance of which can be expressed using toxic
equivalency factors (TEFs) relative to the best-characterized member of the group

e There are 210 possible isomers of chlorinated dioxins and furans, of which the most studied and most toxic
representative of the group is 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (2, 3, 7, 8-TCDD). Other dioxins and furans could be
expressed in terms of TEFs relative to 2, 3, 7, 8-TCDD.
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Table A.2 (continued)

Receptors
Contaminants?a Humans Water Vegetationand | Construction
ecosystem materials
Vinyl chloride X X — —
1,2-Dichloroethane X X X Xb
1,1,1-Trichloroethane X X X Xb
Trichloroethene X X X Xb
Tetrachlofoethene X X X Xb
Hexachlofobuta-1,3-diene X X X —
Hexachlofrocyclohexanes X X X —
Dieldrin X X X —
Chlorinated aromatic hydrocarbons
Chlorobenzenes X X X —
Chlorotelpmeres X X X —
Pentachlgrophenol X X X —
Polychlorfinated biphenylsd X X X —
Dioxins apd furanse X X X —
Organometallics
Organolead compounds X — X —
Organotih compounds X X — —

a  The lipt should not be regarded as a comprehensive list that’should be taken into account in any particular site
investigation. Some contaminants will be of no importance on cextain types of site, while some sites may be contaminatg¢d
by elevatefl concentrations of particular substances, which may not be selected because of their infrequent occurrenge
generally.

b The impact of chlorinated hydrocarbons and other*grganic substances is probably limited to concentrations in the
free phase

¢ Some chlorinated aliphatic hydrocarbons ane considered to be of secondary importance and are therefore exclud¢d
because they are less toxic, highly volatile or haveimited industrial use. However, some highly volatile substances may be
significant due to their solubility and are notexcluded on grounds of volatility alone.

d  There|are 209 polychlorinated biphenyl (PCB) congeners, the significance of which can be expressed using toyic
equivalendy factors (TEFs) relative to thelbest-characterized member of the group

e  There|are 210 possible isomers of chlorinated dioxins and furans, of which the most studied and most toyic
representdtive of the group is.2y377, 8-tetrachlorodibenzo-p-dioxin (2, 3, 7, 8-TCDD). Other dioxins and furans could be
expressed|in terms of TEFs relative to 2, 3, 7, 8-TCDD.
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