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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 ISQ _also take part in the work ISQ collabarates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techmical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15176 was prepared by Technical Committee ISO/TC 190, Soil qaality, Subcommittee SC 7, Sail and site
assessment.

Annexes A, B, C, D and E of this International Standard are for information only.
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Introduction

This International Standard is one of a series providing guidance on the assessment of soils and soil materials in
relation to certain functions and uses. It should be read in conjunction with these other International Standards,
some of which give more specific guidance in relation to some of the uses listed in the Scope or particular aspects

of assessments. For example, ISO 15800 gives guidance on assessments relating to human exposure to

potentially

Soils are
between t

he dynamic product of chemical, physical and biological processes. They are the result
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This Interpational Standard identifies the functions and properties of soil materials at the source (pgint of origin)
and also the properties of the target (receiving) site which may be relevant to the potential uses listed in the Scope,
and indicates for which parameters or procedures there are International Standards available. Radiochemical and
geotechnical aspects are not covered. For guidance on the geotechnical aspects of the use of soil materials as
construction material, reference should be made to other relevant International Standards (e.g. those produced by
ISO/TC 182, Geotechnics in the field of civil engineering) or national standards.

The way the soil is handled after excavation may affect soil properties. Some suggestions regarding good practice
in soil handling and related practice and monitoring after placement are provided in annex B.
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INTERNATIONAL STANDARD

ISO 15176:2002(E)

Soil quality — Characterization of excavated soil and other soil
materials intended for re-use

1 Scope

This Interpational Standard provides guidance on the range of tests that may be necessary to"cha
ntended to be excavated and re-used, with or without preliminary treatment; \Soil matgrials include

materials

excavated| soil, dredged materials, fill materials, manufactured soils and soil treated to remov
contamingnts.

It takes info account the different requirements of top soil, sub-soil and other sail-materials such as
treated sofls. International Standard methods are listed where available.

The test methods are intended to cover a range of possible end uses, sueh‘as:

— play dreas for small children, including nursery schools, kindergardens, etc.,

— schodls,

— gardens and other residential areas,

— allotents,

— horticplture,

— agricylture,

— forestry,

— recreational areas, e.g. parks, sport fields,

— restorn

— const

ation of damaged ecosystems,

uction sites.

It is inten

environmgntal impacts that might arise from re-use.

ed"to'be of use in determining the suitability of soil materials for re-use, and the asses

racterize soil

b or destroy

sediments or

sment of the

This International Standard is not applicable to the placement of soil materials in an aqueous environment or to
restore underground workings. It does not address geotechnical requirements when soil materials are to be used
as construction material.

2 Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
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undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC

maintain regi

sters of currently valid International Standards.

ISO 11259, Soil quality — Simplified soil description

3 Terms

and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1

Types of soil and other soil materials

311
soil
upper layer @

[ISO 11074-1

3.1.2

top soil
upper part o
compared to

[ISO 11074-4

3.1.3
sub-soil
material und

NOTE Al

3.14
soil materia
excavated sd

3.1.5

excavated S'E

any natural
itself

NOTE (=

3.1.6

manufactur
manufactur
manufacture

f the earth's crust composed of mineral parts, organic substance, water, air and living  mattel

]

f a natural soil which is generally dark-coloured and has a higher-humus and nutrient cor
the subsoil below

—_—

brlying the topsoil and overlying the solid (parent) roek beneath

or much of the original rock structure has usually been obliterated by pedogenic processes.

il, dredged materials, manufactured soils, treated soils and fill materials

il
aterial excavated from the ground, including top soil, sub soil, altered parent rock and p

cavated soil typically-arises during construction works.

d soil
d soil.material
 product intended to perform specified soil functions produced by blending combinations

waste or malrufactured materials with the addition of nutrients or other additives when necessary

tent when

arent rock

of natural,

3.1.7
treated soil

soil that has been subjected to a process-based treatment method

3.1.8

dredged material
material excavated during maintenance, construction, reconstruction and extension measures from waters

NOTE

soils and

Dredged material may consist of:

sediments or subhydric soils,

their parent material beneath the surface water body.
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3.1.9

fill material

made ground

mixed natural (often displaced or disturbed) soil materials and other materials characteristic of urban and industrial
sites

EXAMPLES Building rubble, timber and other wastes.

3.2 Soil characteristics

3.21
soil functfon
use of soillwhich is significant to man and the environment

NOTE Important soil functions are:

— contro] of substance and energy cycles as compartments of ecosystems;

— basis for the production of agricultural products;

— basis for the life of plants, animals and man;

— carrier| of genetic reservoir;

— basis for the stability of buildings;

— buffer inhibiting movement of water, contaminents or other agents into the groundwater;
— reservpir of archeological remains;

— reservpir of paleoecological remains.

NOTE Adapted from ISO 11074-4.

3.2.2
background concentration
concentrafon of a substance characteristic of a soil type in an area or region arising from both naturall sources and
non-natural diffuse sources such"as-atmospheric deposition

cf. natural background concentration (3.2.4)

NOTE It is commonly_ expressed in terms of an average, median, a range of values, or a background value (3.2.3).
3.23

background xalue

expressiorrof the upper limit of the range of the background concentration

NOTE It is commonly expressed as the percentile value.

3.24

natural background concentration
concentration of a substance that is derived solely from natural sources

NOTE 1 It is of geogenic origin.

NOTE 2 It is commonly expressed in terms of average, a range of values, or a natural-background value (3.2.5).

© 1SO 2002 — Al rights reserved 3
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3.25

natural background value
expression of the upper limit of the range of the natural background concentration

NOTE It is commonly expressed as percentile value.

3.2.6

contaminant
substance or agent present in soil as a result of human activity

cf. pollutant

(3.2.7), potentially harmful substance (3.2.8)

NOTE TH

3.2.7

pollutant
substance off
on soil functi

cf. contamin

NOTE 5S4
3.2.8
potentially h
substance W
environment
NOTE It
3.29

residual cor
amount or cg

[ISO 11074-4

3.2.10
trace eleme
element preg

NOTE A
3.2.11

essential tr:
element ess

ere is no assumption in this definition that harm results from the presence of the contaminant.

agent present in the soil which due to its properties, amount or concentration causes adve
bns or soil use

ant (3.2.6), potentially harmful substance (3.2.8)

e Introduction in ISO 11074-1:1996.

armful substance
hich, when present in sufficient concentration or amount, may be harmful to huma

may be present as a result of human activity [contaminant (3.2.6)] or naturally.

tamination
ncentration of contaminants remaining in specific media following remediation

—_—

nt
ent in low concentration/in soil material

race element may be’essential at low concentration but harmful at higher concentration.

ce element
ntial atdow concentrations for plant or animal (including human) metabolism

NOTE An_element may be essential at low concentrations but become harmful at higher concentrations.

Fse impact

ns or the

3.3 Land and sites

3.31
damaged or

degraded land

land which, due to natural processes or human activity, is no longer able to properly sustain an economic function
and/or its original natural, or near-natural ecological function

3.3.2
target site
site at which

soil is to be re-used

© 1SO 2002 — All rights reserved
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3.4 Utilization, reclamation and treatment

3.41
re-use of soil materials
useful and harmless utilization of soil materials

NOTE In the context of this International Standard, re-use means transfer of soil materials to another location for use in
agriculture, horticulture, forestry, gardens, recreational areas and construction sites.

3.4.2

construction works
soil application including earthworks and embankments, landscape engineering, road construction, construction of
waste disgosal sites, and backfilling of excavated sites or mines

NOTE Construction works are applications where soil materials are not required to have a direct productive use, although
they may syipport other layers intended to have productive use.

3.4.3
reclamatipn

restoration
rehabilitglion
(of land) return of damaged, degraded or derelict land to beneficial use

NOTE The term remediation is commonly restricted to the process of dealing'Wwith contaminated/polluted sit¢s.

344
soil rehahilitation
actions taken to improve the capability of damaged or degradedsoil to perform specified functions

NOTE An example of such action is the addition of organic matter and nutrients to promote plant growth.
NOTE Adapted from ISO 11074-4.

3.45
remediatipn strategy
combinatipn of remedial techniques and associated work programmes that will meet specified cgntamination-
related remediation objectives and other gbjectives, and overcome possible restraints

NOTE 1 Adapted from ISO 11074-4.
NOTE 2 [Examples of objectives are residual-contaminant concentrations, and engineering-related objectives.

3.4.6
process-hased treatment method
application of physical,.chemical or biological processes either to remove or destroy contaminants, |or to reduce
their availability to theyenvironment

[1SO 1107h-4]

NOTE Different treatment methods, e g biotreatment,are defined in ISO 11074-4

3.4.7
stockpile
temporary deposit of soil material for later use

3.48

investigation for compliance or performance

investigation, or programme of on-going inspection, testing or monitoring, to confirm that a remediation strategy
has been properly implemented and/or when a containment approach has been adopted, that this continues to
perform to the specified level

EXAMPLE Testing to confirm that all contaminated material has been removed.

[ISO 11074-4]

© 1SO 2002 — Al rights reserved 5
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3.5 Assessment

3.51

hazard

property of a substance or material, or any action, which may have an adverse effect on soil functions

NOTE A hazard has the potential to cause harm.

3.5.2

risk

expression of the probability that an adverse effect on soil functions will occur under defined conditions, and the
magnitude ofthe-eensequences-efthe-effectoeeurring

3.5.3

harmlessnegs

condition in ywhich the application of a soil material does not result in damage to the present functions |of the soil
already exist|ng at the target site

3.54

data quality|objectives

required detgction limits, accuracy, reproducibility and repeatability of the required.analytical and other dqta

NOTE 1 THe objectives are often presented in a statement.

NOTE 2  Generic data quality objectives may sometimes be set at national level.

NOTE 3  THe objectives may also include the amount of data required-for an area of land (or part of a site) to enaple a sound
comparison with generic guidelines or standards or for a site-specific or‘material-specific estimation of risk.

4 Characgterization of soil materials and sites

4.1 General

The purposq of characterizing soil and soil materials as suggested in this International Standard is [usually to
enable judgements to be made about(its ‘suitability for a defined use (e.g. arable farming, domestic| gardens).
Before any jidgement can be made about suitability, the right type, quantity and quality of data must b¢ available
(see annex p). It is likely to be_fegessary to determine the relevant chemical, physical, biological [and other
characteristi¢s as appropriate. This requires the development of an overall investigation strategy which needs to
include, in p3rticular:

— sampling strategiesiand

— analyticgl and.testing strategies

for each locationand/or medium that is to be assessed.

The first step, therefore in the assessment of soil materials which have been, or may be, excavated or treated is to
review the already available information and data to determine whether they are sufficient to enable an assessment
to be made. If the data are not, then an appropriate investigation should be carried out. Subclause 4.2 discusses
the situation when there is prior knowledge that excavation is to take place. Obviously the approach described
needs to be adjusted for other situations (e.g. when the soil material of interest is a manufactured soil).

Sometimes investigations are required for the sole purpose of deciding whether soil and other soil material such as
fill materials are suitable for re-use (the situation envisaged in Figure 1) but often this is only one of a number of
objectives of a more comprehensive investigation of a suspect potentially contaminated site. In this latter case, the
initial task becomes to ensure that the overall sampling, analytical and testing strategies for the investigation
properly address the needs of this specific objective. In practice, investigations are commonly phased for both
technical and cost reasons and it may therefore be preferable to carry out at least part of the characterization,

© 1SO 2002 — All rights reserved
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particularly for example of the nutrient and trace element status, physical and biological soil properties, through a
supplementary investigation (see Figure 2). The real need to assess the soil material for re-use may only arise
during the development of a remediation strategy, and the need to gather supplementary information at this stage
is no different than that for other components of the remediation strategy (e.g. the need for geotechnical data
relevant to installation of a cut-off wall may become apparent, the need for gas-permeability data for application of
soil vapour extraction may become apparent).

The discussion below focuses on soil materials that are to be excavated. This International Standard covers a
number of other situations including for example dredged materials, treated soil materials and manufactured soils.
Comparable appropriate investigation is required to be sure that there is a good understanding of the source of the
material and its components so that appropriate analytical and testing strategies can be developed.

Preliminary investigation Characterize source and/or
(desk study and site target site
reconnaisance) 442
ISO 10381 Table 1

Determine sampling strategy

4.3
ISO 10381
Basic
Determine analytical and characterization
testing strategies and chemical
443t0445 characterization of
Tables 2to 15 soil material
443

Tables 2 t0 13

Carry out sampling
ISO 10381 Physical
characterization of
soil material
444
Table 14

Carry'out analysis and testing
(Use relevant International

Standards)
Biological
characterization of
soil material
Assess results - Determine if 44.5
Table 15

soil is suitable for re-use and
compatibte with target site

Excavate, move and place
soil material
Annex B

Figure 1 — Overall flow chart for characterization of soil materials for re-use

© 1SO 2002 — Al rights reserved 7
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4.2 Investigation strategies

The typical overall investigation strategy for a potentially contaminated site (i.e. one where it is
potentially harmful substances may be present as a result of human activity) is to:

suspected

— carry out a preliminary investigation comprising a desk-top study and a site reconnaissance (walk over-
survey). The aim is to build up as comprehensive a picture as possible of the history of the site, its geology

and hydrogeology, environmental setting, and current condition;

and, on the basis of the resulting conceptual model, to:

— develop[a strategy g properly
investigation team and the general public, and which avoids harm to the environment.

Often, but nat always, the intrusive investigation will be phased (see Figure 2). An initial exploratofy in
(Phase 2) mpy be carried out first to attempt to confirm hypotheses drawn from the preliminary in
(Phase 1) and to provide initial information to be better able to design the subsequent mair-investigation
In the light gf the results of these early phases, it may be necessary to carry out supplementary inv
(Phase 4) to| determine, for example the suitability of soil for re-use, or to gather_information relev
application of a process-based treatment method.

ety of the

estigation
estigation
Phase 3).
pstigations
ant to the

It is important that the information and data required to assess excavated soilmaterial for re-use be iden
as possible before the investigation starts. In this way appropriate sampling) ‘analytical and testing stra
be developed at the outset. If this is not done, there may be significant gaps in the information
necessitating further costly intrusive investigation. As suggested in 4.1,"however, some aspects of charg
may often beg better addressed through a supplementary investigation:

The approach outlined above should be adapted for other sources of soil materials, for example when s
is being marjufactured it would be appropriate to enquire into“the source and history of each of the ingr
the case of soil material from a process-based treatment method, it would be appropriate to enquire into
of the sourcq site. Exploratory sampling programmes could then be carried out before designing and em
a programmg for continuous monitoring of feed and @utput materials.

4.3 Sampling strategies

4.3.1 Gendral considerations
Investigation|may be required (as-appropriate)
— in situ af the point of exgavation,

— following excavationy

— following treatment,

fied as far
egies can
available,
cterization

il material
edients. In
the history
barking on

— following-manufacture-of manufactured-soil;

— in situ at the source or target site.

The sampling strategies and the measurements to be made (analytical and testing strategy) should be determined

on the basis of
— the history of the site from which the soil material is excavated or dredged,
— the quantity of soil material to be assessed,

— available data or results of previous investigations,

8 © 1SO 2002 — All rights reserved
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Preliminary Investigation

Desk study, site reconnaissance

Exploratory Investigation
(Phase 2 investigation)
Limited investigation designed to test
hypotheses developed from the
preliminary investigation and to aid

(Phase 1 investigation) ~  f——————

ISO 15176:2002(E)

——- Ensure

information
relevant to soil
material re-use
is collected

design of detalled/main investigation

Detailed/main investigation
(Phase 3 investigation)

Assessment of data
(including suitability of soil material

Ensure investigation, analytical
and testing stategies take
account of data needs for
assessment of soil material for
re-use.

for re-use)
Development of remediation

Implementation of remediation
strategy

Supplementary Investigation(s)
(Phase 4 investigation)
for example to:
filllin data gaps to enable assessmen|
to be completed
determine applicability of remediation
method
obtain information to enable applicati
of selected remediation method
determine suitability of soil material

for re-use

Re-use of soil material

Assessment of soil material

for re-use

Dedicated investigation
to determine suitability
of soil material for re-use

Figure 2 — Diagram showing how assessment of excavated soil material might fit into investigation of a
suspect potentially contaminated site (as opposed to the alternative of a dedicated investigation

with this sole objective)

© I1SO 2002 — Al rights reserved
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— the nature and type of material to be characterized,

— the nature of any process based treatment methods that has been applied to the soil material,

— the intended use of the soil material,

— the planned way of handling the soil material from excavation to target site, e.g. transport and stockpiling,

— the history and present condition of the target site,

— the intended use of the target site,

— data qug

When decid
relevant stat
the soil is to

lity objectives (see annex A).

ng on investigation, sampling, analytical and testing strategies, reference should -be mgde to any
itory (i.e. legally binding) requirements or other relevant guidance applicable in_the jurisdiction where
pe excavated and/or re-used.

Before commpencing any investigation it is essential to define the objectives of the~investigation and to|prepare a

sampling strg
to the guidar
assessment
procedures if

Within the sd
materials, dr

— in situ sq
— in situ sq
— groundw
— sedimen
— stockpilg

— stockpile

— soil matgrials arising from)a process-based remediation method;

— in situ sq

International
1ISO 10381. |

tegy consistent with those objectives. Reference should be made to relevant International Stapdards and
ce attached to any national guidelines or standards relating to soil"quality that are to be ysed in the
pf the results of the investigation. In some jurisdictions, there may‘be a legal requirement to follow certain
published criteria are to be used as the basis of the assessment:

ope of this International Standard, sampling may be required of in situ or excavated (ex sifu) soil, fill
pdged materials, manufactured soils and their components, and treated soils. For example:

ils and other materials intended for excavation;

ils at the intended location of use;

ater at the point of excavation or at thé point of re-deposition;
ts in situ in ponds, lakes, canals, estuaries etc.;

s of excavated soils and other soil materials;

s of excavated sediments;

il, etc., afterremplacement, to ensure compliance and performance.

Standards should be applied for sampling soils in various contexts; these are published as parts of

(SO 5667-11

In general, soil materials should be sampled in situ rather than after placement in stockpiles. This enables potential
environmental impacts arising from handling and storage to be determined, and may enable potential damage to the

soil that may

arise during storage to be avoided (see annex B).

Whilst the testing of soils for geotechnical properties is outside of the scope of this International Standard, the guidance
available for description, sampling and investigation design may sometimes be helpful. In particular, attention is drawn
to ISO 14688-1 and to ISO 14689. These International Standards include definitions (e.g. of soil and rock) specific to

geotechnical

10

applications.
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4.3.2 Sampling in situ soil materials
If sufficient data are not already available (see 4.3 and annex A), it will be necessary to sample soil materials at the

point of excavation and/or at the target site. Relevant International Standards on sampling soils in relation to soil quality
are listed in clause 2 and in the Bibliography.

4.3.3 Sampling sediments

Guidance on sampling of sediments is given in ISO 5667-12.

4.3.4 Sampling materials arising from a process-based remediation method

Assessmept of materials arising from a process-based treatment method usually requires samplinghin|a statistically
sound way in order to confirm compliance with pre-determined chemical, physical or biologicalcgctiteria| (for example
residual cgncentrations of pollutants).

NOTE At the time of publication of this International Standard, no directly relevant International Standands have been
published which deal with this item. However, an International Standard on sampling of stockpiles'is in preparatior).

4.3.5 Sampling manufactured soil materials

Assessmept of manufactured soil materials usually requires sampling in a-statistically sound way in order to confirm
compliance with pre-determined chemical, physical or biological criteria.

The materfals used in manufacture usually require characterization before blending.

NOTE At the time of publication of this International Standardy no directly relevant International Standands have been
published which deal with this item. However, an International Standard on sampling of stockpiles is in preparatior).

4.3.6 Sampling stockpiles of untreated or treated,soil materials

Soil materfals may be stockpiled after excavation ‘or dredging. Treated materials may also be stockpiled lhefore re-use.
Special sampling methods are required for such stockpiles. Samples from different stockpiles should not be mixed.

NOTE At the time of publication of this:International Standard, no directly relevant International Standands have been
published which deal with this item. However, an International Standard on sampling of stockpiles is in preparatior).

4.3.7 Sampling soil materials after placement at the target site

It may be|necessary to_sample soil materials after placement at the target site for compliance and|performance
assessment. This may berequired shortly after placement or some years afterward, to see, for examplg, if a desired
improvement in a soikfunction has been achieved. In general, sampling methods applicable to in situ soil|materials are
appropriate.

4.3.8 Sarnp|ing the water environment

It may sometimes be necessary to sample groundwater or surface waters at the location from which soil materials are
to be excavated or dredged, or at the target site. In this case ISO 5667-4, ISO 5667-6 and ISO 5667-11 shall be
observed.

4.4 Characterization of soil materials

441 General

Depending on the intended use, characterization of soil materials require determination of basic characteristics (for
example pH, mineralogy), chemical, physical (including texture), geotechnical, biological and radiochemical properties.
It is often also necessary to determine or describe certain aspects of the site from which the soil material is to be
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excavated from (source site) and/or at which the soil material is to be used (target site). Figure 1 indicates the broad
areas in which measurement or description may be required. The figure assumes that a dedicated investigation is
being carried out for the specific purpose of assessing soil material for re-use. However, as discussed in 4.1 and 4.2
and illustrated in Figure 2, investigation related to re-use of soil material may be simply one aspect of a wider
investigation and assessment programme.

Certain parameters require determination in almost all situations; others only require measurement depending on
the intended use of the soil material.

4.4.2 Characterization of source and target sites

n Table 1.
cess itself
te (e.g.in

Suggestions [about the characieristics of the source and target sites that might be determined are listed
In general, the parameters to be determined at the source site are those relevant to the extraction-pid
and subseqyent intermediate storage and handling, and direct observations that can be made on-s

inspection p
parameters
existing top

ts) that are relevant to the intended use of the excavated soil material. At theltarge]
pf concern are primarily those that are relevant to the placement process and the proper
50il and subsoil which are relevant to determination of whether imported soil material ca

t site, the
ties of the
h be used

without harm| (see annex B for discussion of the concept of "harmlessness”).

4.4.3 Physjcal and chemical characterization, including basic characteristics

4.4.31 General

It may be neg¢essary to measure chemical parameters in the following bread groups:

basic characteristic parameters (e.g. pH, cation exchange capacity, petrographic features);

nutrienty;

trace elgments;

potentially harmful substances.

Certain parg for some

intended use

meters require measurement in almost all situations; others only require measurement
s of the soil material. A judgement should, however, be made on a case-by-case basis.

entrations
put is also

Some elements may be regarded as 'essential trace elements at low concentrations, but at higher con
may be harmful to some biota. For eéxample, copper is listed in Table 5 as an essential trace element
included in spibsequent tables dealing with potentially harmful substances.

In order to ¢
necessary to

stimate the availability of inorganic substances to different environmental compartments,
distinguishibetween different fractions of an analyte, e.g. soluble in strong acid, weak extr,
water. Altholigh the &xtractants may be different, it is often possible to use the same methods to a
extractant. Quidance on available International Standard methods and their applicability to different ext
given in Table 2

it may be
actants, or
nalyse the
Factants is

Whereas the inorganic analyst is primarily concerned with the analysis of a defined number of elements and
anions, the organic analyst is often interested in looking for any chemical which may be present. In practice,
organic analyses take two forms:

a) determination of what is present (qualitative analysis), and

b) determination of how much of a specific compound or class of compounds is present (quantitative analysis).
The detection of “adventitious” or unexpected substances, particularly when complex mixtures of organic chemical
species are present, requires the use of analytical screening methods such as gas chromatography/mass
spectometry. It is also customary to employ analytical methods that purport to give total concentrations of classes
of compounds such as phenols, polycyclic aromatic hydrocarbons (PAHSs), total petrol hydrocarbons (TPH) and
chlorinated hydrocarbons. Care is required in both the use and interpretation of the results of such methods.
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Source site Target site
Soil to be used | Soil to be used for | Soil to be used | Soil to be used for | |nternational
Parameters for natural construction (e.g. for natural construction (e.g. | Standard
(productive) earth works) (productive) earth works)
function function
Land use:

Vegetation, buildings, etc. X X X X -
Topography: X X X X 1ISO 11259
Surface characteristic:

Rock outgops, erosion, cracks, etc. X X X X 1ISO 11259
Hydrology:

Surface water balance - - X X -

Rainfall - - X X -

Evapotrarfspiration — — X X -

Groundwdter recharge X X X X -

Depth to groundwater table X X X X -

Soil geometry:

Stratigrappy X X X X 1ISO 11259

Inhomogeneities X X X X 1ISO 11259

Fracturing X X X X 1ISO 11259
Geology:

Type of pgrent material X X X X 1ISO 11259

Effective 4oil depth X X X X 1ISO 11259
Soil type/sofl:

Soil type gnd sequence of horizons X X X X 1ISO 11259
Description:

Thicknesq of horizons X X X X 1ISO 11259

Colour of the horizon matrix X - X - 1ISO 11259
Texture:

Mottles X - X - 1ISO 11259

Moisture gtatus X - X - 1ISO 11259

Structure X - X - 1ISO 11259

Compactriess X - X - 1ISO 11259

Total estirhated porosity X - X - 1ISO 11259

Roots X X X X 1ISO 11259

Worm chgnnels, biological activity X - X - 1ISO 11259
Other charafteristics:

Presence |of non-soil material X X X X -

Presence |of biodegradable'-material X X X X -

Presence [of buildings, ete. X X - - -
Present plant: X — X — -
Engineering| qualities: X X X X -
NOTE "K7indicates that the information or chararacteristic may be relevant. However, decisions about relevance should always be made on a
case-by-case basis

Qualitative analysis is frequently carried out prior to quantitative analysis. Class analyses frequently precede
specific compound analyses.

“Total” applied to organic compounds (e.g. phenols) usually means that an analytical technique has been employed
that cannot distinguish between similar compounds: in the case of phenols say between monohydric, dihydric and
trihydric compounds (i.e. compounds with one, two and three hydroxyl groups attached to the benzene ring).
However, the term “total” may be misleading: not all phenols may be detected by the method employed (e.g. there
may be limitations in terms of molecular weight or the number and size of other functional groups present on the
benzene ring) and different methods may give different results.

© I1SO 2002 — Al rights reserved
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Analyses of soil materials for volatile organic compounds (e.g. benzene, chlorinated solvents) present particular
analytical difficulties. Research suggests that even under ideal conditions of sampling, transport and sample
preparation, etc., substantial losses may occur (one study suggested that 50 % retention was the best that could be
achieved). Under less than ideal conditions, almost all may be lost. Thus, use of in situ methods such as soil
vapour analysis, are likely to give a more reliable indication of distribution and relative concentrations of the
substances of concern. In addition, it should be noted that different laboratory methods (e.g. purge-and-trap and
head-space analysis) may give substantially different results.

It is important to recognize that organic compounds may be extracted from naturally occurring organic materials
(e.g. humus, decaying vegetation, peat, coal) and that non-specific analyses, in particular, may therefore give
misleading results.

Guidance on| the applicability of various chemical measurements in relation to the intended use of the s&l)il material
is given in Tgbles 3 to 13 below. Figure 3 indicates how the tables should be used.

Before any |laboratory analysis, samples should be subjected to pretreatment (e.g. gfound, sul-sampled)
compatible with the method(s) of analysis to be employed. Methods for pretreatment are described in |SO 11464
(pretreatment of samples for physico-chemical analysis) and 1ISO 14507 (pretreatment for_determination|of organic
contaminants$). Some methods for extraction or analysis include their own requirements regarding pretrgatment of
samples and|these should always be followed unless there are sound technical reasons not to do so, in which case
those reasors should be reported with the analytical results.

Table 2 — International Standard methods for extraction,of metals and metalloids

Fradtion Extraction method Determination method (example)
Total Digestion with hydrofluoric and perchloric acids in
accordance with ISO 14869-1
ISO 11047
Pseudo-total Trace metals soluble in aqua regia in @ccordance with
ISO 11466
. e.g. NH,NO,
Extracted with weak NaNO ISO 11047
extractant 3
CaCl,
Water extractp e.g. soil:water ratiotusing batch tests
ISO 11047
Soluble in columnlleaching tests
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Chemical characterization

443

Basic characteristics

4432
Table 3

eg ppfmgmphy_ InHy nrgsmir‘ matter
content, cation exchange capacity,

salinity

Nutrients

4433
Table 4

e.g. nitrogen, phosphorus;potassium

Trace elements

4434
Table 5

e.g. cobalt, copper, magnesium, selenium,

zinc

Potentially harmful substances

4435
Tables 6 to 13

e(gmetals and metalloids, volatile organic compounds,
pesticides, dioxins, polychlorinated biphenyls (PCBs), petroleum
hydrocarbons, chlorinated solvents, polycyclic aromatic

hydrocarbons (PAHs)
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4.4.3.2 Basic characteristics

Basic characteristics of soil materials that might be desirable to measure are listed in Table 3. As with all the similar
tables, the assessors must decide which of the parameters listed are relevant in the particular circumstances in
which they are working. Some, such as pH, are likely to be relevant in most cases, whereas others, such as
exchangeable acidity, are less frequently required.

Table 3 — Basic characteristics

Use of soil material
International
Parameter Nzturtal Construction Standard
(productive) (e.g. earth works)
function
Petrographic characteristics X -
Mineralogy X X —
Nature of parent material X X >
pH X X ISO 10390
Redox potential X X ISO 11271
Salinity X X -
Sodium X - -
Total organic carbon (TOC) X X ISO 10694
Organic carbon X - ISO 14235
Loss on ignition at specified
X X -
temperature(s)
Cation exchange capacity X _ ISO 11260
ISO 13536
Water content X X ISO 11465
ISO 11461
Dry matter content X X ISO 11465
Carbonate content X - ISO 10693
Specific electrical conductivity X X ISO 11265
Exchangeable acidity X - ISO 14254
Potential acidity X X
NOTE “X*'indicates that the information or characteristic may be relevant. However, decisions about
relevance should always be made on a case-by-case basis.
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4433 Nutrients

Nutrient parameters that it might be desirable to measure are listed in Table 4. These are not usually relevant when
a soil material is to be used for non-productive applications such as earthworks. However, care may be required to
ensure that excess nutrients do not leach into surface or ground waters when soil materials are used in
construction.

Table 4 — Nutrients

Use of soil material .
Parameters Speciation . : International
p Natural (productive} | Construction Standard
function (e.g. earthworks)
Calcigm X - =
Magriesium X - -
Sodiym X - _
Potagsium total X - -
water-soluble X X -
weak extractant - = -
Nitrogen total X X ISO 11261
ISO 138f8
nitrite X _ TS 1425¢-1
ISO 1425p-2
nitrate X _ TS 14256-1
ISO 1425p-2
ammonium X _ TS 1425¢-1
ISO 1425p-2
water-soluble X X ISO 14255
Phosphorus total X - -
weak extractants X - ISO 11263
water-soluble X - -
Sulfuf elemental - - -
total X X ISO 1518
water-soluble sulfate X X ISO 11048
dilute acid-soluble X X ISO 11048
sulfate
NOTH ‘X'»indicates that the information or chararacteristic may be relevant. However, decisions about relevang¢e should
always be made on a case-by-case basis.
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4.4.3.4 Essential trace elements

Essential trace elements that it may be desirable to determine when soil material is to have a productive use, are
listed in Table 5. Note that at concentrations above a certain level, some of these elements may be harmful to a
range of biota (the level often depends on the type, species and race). Essential trace elements are by definition
not relevant when the soil material is to be used for non-productive uses such as earthworks.

Table 5 — Essential trace elements

International Standard
Element Form
Extraction method Determination method
Boron * -
Cobalt weak extractant * *
strong acid ISO 11466 ISO 11047
Copper weak extractant * _*
strong acid ISO 11466 1ISO\11047
Iron weak extractant *% -*
strong acid * e
Manganese weak extractant * -*
strong acid ISO 11466 ISO 11047
Molybdenum o _wE
Selenium ek _wx
Zinc weak extractant * —*
strong acid ISO 11466 ISO 11047
NOTE Essential trace elements are only_relevant where the soil or other soil material is to have a
productive function.
*  Weak extractant methods for pfeductive purpose need to be developed.
**  Strong acid methods need to be developed.
4.4.3.5 Potentially harmful-substances
The potentially harmful stbstances likely to be present depend on the history of the site (e.g. currenf and past
uses, whethgr subject to'\diffuse sources of contamination). Contaminants typically associated with a number of site
types are lisfed in annex C. It is stressed that these suggestions are not exhaustive and should be regarded as
indicative onlly. The~assessor should decide what substances may be present on a site-by-site bas|s. Further
guidance on| sitesuse/contaminant linkages is provided in ISO 10381-1. The arrangement of the Tables in this
subclause islindicated in Figure 4. Inorganic substances are listed in Tables 6 to 10. Organic substances are listed

in Tables 11 to 13.

Total concentrations of potentially harmful elements are dealt with in Table 6, i.e. the total of the element present in
all chemical forms and irrespective of its location in the soil material, including that incorporated into silicate
minerals. Determination of these “true” total concentrations requires use of an instrumental technique such as
X-ray fluorescence analysis or a powerful solvent combination, such as a mixture of hydrofluoric and perchloric
acids. The use of this solvent presents many practical problems and for many purposes in environmental
assessment, pseudo-total concentrations suffice (see Table 7). These are determined using a strong acid or
combination of acids, but they typically leave a small insoluble residue with some soil materials. Depending on the
element and the matrix, these typically yield about 70 % to 90 % of the “true” total concentration (it can be lower for
those elements which are present predominately bound in silicate or aluminate lattices). When comparisons with
guideline values are required for particular soil uses, it is essential to determine whether “pseudo-total” or “total”
concentrations are required.
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Concentrations extractable with complexing agents such as diethylenetriaminepentaacetic acid (DTPA) (see
Table 8) and weak extractants (Table 9) such as calcium chloride solution are employed when “availability” to
plants are to be assessed.

Finally, concentrations extractable in water (see Table 10) are relevant to an assessment of potential leachability
into the environment. It is important to recognize that when compounds of limited solubility are present
(e.g. gypsum), the apparent amount soluble depends on the soil:water ratio employed in the tests. A detailed
discussion of soil leaching and extraction tests is provided in ISO 15175. Qualitative methods for assessing
potential leaching risks from non-reactive contaminants (e.g. nitrate and chloride), heavy metals (e.g. cadmium)
and organic compounds are described in ISO 15175.

The range a a v wide- H a—few-a hles 11 to 13:
essentially those for which International Standard methods of analysis exist or are in preparation. A‘classification of
organic sybstances, in terms for example of volatility and whether they contain halogens, is provided in annex E.
For a gengral discussion about analyses for organic substances, see 4.4.3.1.

It should be noted that it is very difficult to obtain representative samples of soil materials for detgrmination of
volatile organic compounds. Various studies have shown that almost all may be lost.if’'samples are] not handled
correctly. |Consequently, concentrations of volatile organic compounds in soil gas are commonly determined
directly. Alvariety of techniques are used to make measurements in situ or to obtain samples of vapgur for on- or
off-site labjoratory analysis (e.g. using absorption tubes).

NOTE There are at present no International Standards available for the jmsitu sampling or testing for volatile inorganic
compoundg, although ISO 10381-7 when published will provide relevant guidange
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Detection and measurement of
potentially harmful substances

4435
Tables 2, 6 to 13

e.g.

Inorganic substances

i , Organic substances
metals, metalloids, non-metals, anions

Tables 1140 13

Tables 6 to 10

Total concentrations Analysis for groups 0f compounfls,
e.g. by X-ray fluorescence or e.g. PAHs, PCBs; chlorinated
dissolution in hydrofluoric and hydrocarbons, petroleum
perchloric acids hydrocarbons and mineral oils
Table 6 Table 11
Psuedo-total concentrations Analysis for specific
e.g. by solution in strong compounds
acids such as aqua regia
Table 12
Table 7
Use of complexing agents Amount extractable in water
e.g. DTPA
Table 13
Table 8

Amount soluble in weak
extractants
e.g. NH4,NO,, Cacl,

Table-9

Amo

Lint éxtractable in water

Iable TU

Figure 4 — Detection and measurement of potentially harmful substances
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Use of soil material

a case-by-case basis.

Substance Element Natural Construction Extraction/preparation method Determination
group [form (productive) (e.g. method
function earthworks)
Metals and |Arsenic X X X-ray fluorescence ISO 14869-1 ISO 14869-1
metalloids HF+HCIO, ISO 14869-2
Barium X X X-ray fluorescence ISO 14869-1 ISO 14869-1
HF+HCIO, ISO 14869-2
Cadmium X X X-ray fluorescence ISO 14869-1 1I$O 14869-1
HF+HCIO, ISO 14869-2 SO 11047
Chromium X X X-ray fluorescence ISO 14869-1 1$O 14869-1
HF+HCIO, ISO 148692 SO 11047
Cobalt X X X-ray fluorescence ISO 44869-1 1I$O 14869-1
HF+HCIO, 1ISO\14869-2 SO 11047
Copper X X X-ray fluorescence 1SO 14869-1 1I$O 14869-1
HF+HCIO, ISO 14869-2 SO 11047
Lead X X X-ray fluorescence ISO 14869-1 1$O 14869-1
HF+HCIO, ISO 14869-2 SO 11047
Manganese X X X-ray fluorescence ISO 14869-1 1$O 14869-1
HF+HCIO, ISO 14869-2 SO 11047
Mercury X X X-ray fluoreéscence ISO 14869-1 -
HF+HCIO, ISO 14869-2
Nickel X X X-ray fluorescence ISO 14869-1 -
HF+HCIO, ISO 14869-2
Selenium X X X-ray fluorescence ISO 14869-1 -
HF+HCIO, ISO 14869-2
Silver X - -
Thallium X X - -
Zinc X X-ray fluorescence ISO 14869-1 1$O 14869-1
HF+HCIO, ISO 14869-2 SO 11047
Nonmetals |Boron - - -
Phosphorus X - - -
Sulfur X X X-ray fluorescence ISO 14869-1 1$O 14869-1
Dry combustion SO 15178
Anions Cyanide X X - -
Chloride X X - -
Sulfate X X - -
NOTE “X” indicates that the information or characteristic may be relevant. However, decisions about relevance should always be made on
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Table 7 — Pseudo-total concentrations of potentially harmful inorganic substances

Use of soil material

Substance Element/form Natural Construction Extraction/preparation | Determination
group (productive) (e.g. method method
function earthworks)
Metals and | Arsenic X X - -
metalloids Barium ~ ~
Boron X X - -
Cadmiom X X Aqua Tegia tSO—1+1466 1ISO1+104y
Chromium X X Aqua regia ISO 11466 1ISO. 1104y
Cobalt X X Aqua regia ISO 11466 ISO’' 1104y
Copper X X Aqua regia ISO 11466 ISO 1104y
Lead X X Aqua regia ISO 11466 ISO 1104y
Manganese X X Aqua regia 1SO1.1466 ISO 1104y
Mercury X X - -
Molybdenum X X - -
Nickel X X - -
Selenium X X - -
Silver X X - -
Thallium X X - -
Zinc X X Aqua regia ISO 11466 ISO 1104y
Nonmgtals |Boron X X - -
Carbon - - - -
Phosphorus X - - -
Anionpg Cyanide X X - -
Sulfate X X Dilute acid ISO 11048 ISO 11048
NOTE “X” indicates that the~infermation or characteristic may be relevant. However, decisions about relevance should
always [be made on a case-by-Case basis.
NOTE 2 For some purp@seés, an alternative to extraction with aqua regia (ISO 11466) might be extraction with boiling 2 mol/I
nitric a¢id. However, thére-is no International Standard for this method.
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Table 8 — Potentially harmful inorganic substances extracted with complexing agents

Use of soil material
Substance Element/form Natural Construction Extraction/preparation | Determination
group (productive) (e.g. method method
function earthworks)
Metals and | Aluminium X - -
metalloids -
Arsenic X - -
Barium X - -
Cadmiam X DTPATSO 14870 ISO11H047
Chromium X DTPA ISO 14870 1ISOHY1047
Cobalt X - 18O 11047
Copper X DTPA ISO 14870 ISO 11047
Iron X DTPA ISO 14870 -
not relevant
Lead X DTPA ISO14870 ISO 11047
Manganese X DTPA ISO 14870 ISO 11)047
Mercury X - -
Nickel X DTPA ISO 14870 -
Selenium X - -
Silver X - -
Thallium X - -
Zinc X DTPA ISO 14870 ISO 11047
NOTE "X indicates that the information or characteristic may be relevant. However, decisions about relevance| should
always be made on a case-by-case basis.
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Table 9 — Potentially harmful inorganic substances extracted with weak extractants

Use of soil material
Substance | Element/ Natural Construction | Extraction/preparation method Determination
group form productive (e.g. method
function earthworks)

Metals and | Aluminium X NH,4NO,, NaNO,, CaCl,, KCI -

metallolds | rsenic e.g. NH,NO,, NaNO,, CaCl,, KCl -
Barium X e.g. NH,NOg, NaNO,, CaCl,, KCI -
Cadrrriom X ey NH;NO; NalNG;Cath;, Kt ISO1+1047
Chromium X e.g. NH,;NO3, NaNO,, CaCl,, KCI ISO\1047
Cobalt X e.g. NH,NO3, NaNO,, CaCl,, KCI SO 11047
Copper X e.g. NH,NO3, NaNO,, CaCl,, KCI ISO 11047
Iron X Hof relevant e.g. NH,NOg, NaNO,, CaCl,, KCI -
Lead X e.g. NH;NOg, NaNO,, CaCl;,-KCl ISO 11047
Manganese X e.g. NH;NOg, NaNO,, CaCl,, KCI 1ISO 11047
Mercury X e.g. NH,NOg, NaNOg, CaCl,, KCI -
Nickel X e.g. NH,NO;, NaNO,, CaCl,, KCI -
Selenium X e.g. NH,NOg»NaNO,, CaCl,, KCl -
Silver X e.g. N|H,NO,, NaNO,, CaCl,, KCl -
Thallium X e.gvNH,NO;, NaNO,, CaCl,, KCI -
Zinc X 8.9. NH,NOg, NaNO,, CaCl,, KCI ISO 11047

NOTE “X” indicates that the information or characteristic may be relevant. However, decisions about relevance should

always lje made on a case-by-case basis.
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Table 10 — Potentially harmful inorganic substances extracted with water

Substance Element/ Use of soll material Extraction International
class species Natural (pro- Construction method Standard
ductive) function (e.g. earthworks) see Notes

Metals and | Aluminium X X -

metalloids Arsenic X X —
Barium X X -
Cadmium X X ISO 11047
Chromium X X ISOM1p47
Cobalt X X 1ISO11p47
Copper X X ISO 11p47
Iron X X -
Lead X X ISO 11p47
Manganese X X ISO 11p47
Mercury X X -
Nickel X X -
Selenium X X -
Silver X X -
Thallium X X -
Zinc X X ISO 11p47

Nopmetals |Phosphorus X X -
Sulfur - -
Boron X -

Anjons Cyanides X X - -
Sulfate X X ISO 11048 ISO 11p48
Chloride X X

NOTE 1 “X”indicates that the characteristic may be relevant. However, decisions about relevance should always be made

on g case-by-case basis.

NOTE 2 There ar€ many different extraction methods based on batch processes (e.g. shaking with fixed amount of water,

segpential extractiops; or columns). For a detailed discussion of methods see annex E of ISO 15175:—'/.

NOTE 3 Theresare a variety of analytical methods for water available as International Standards which may be applicable.

However itiis important to confirm that they will work with the extracts obtained from a particular (contaminated) soil material.

1) To be published.
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Table 11 — Methods for groups of potentially harmful organic substances

Use of soil material

Substance group Natural Construction | International Standard
(productive) (e.g.
function earthworks)
Volatile aromatic hydrocarbons X X ISO 15009
Petroleum hydrocarbons X -
Mineral oil content X X TR 11046
Polycyclicarommatichydrocarbons(PAHRS) = totat® X X ISO13877
Halogerlated hydrocarbons X X ISO 15009
Phenolg X X —
Chloringted phenols X X ISO 14154
Phthalafes X X -
Polychlgrinated biphenyls (PCBs) X X ISO 10382
Persistgnt herbicides X X ISO 11264
Triazinels and phenyl urea herbicides X X -

NOTE
case-by-tase basis.

“X” indicates that the characteristic may be relevant. However, decisions‘about relevance should always be madg on a

Table 12 — Methods for specific potentially harmful organic substances

Use of soil material

Substance(s) Natural Construction | International Standard
(productive) (e.q.
function earthworks)
Benzene X -
Ethylbgnzene X -
Tolueng X X -
Xyleneg X X -
Methyl [t-butyl ether (MEBE) X X -
|ndiVidl|Ia| polycyclic ‘aromatic hydrocarbons (PAHSs) X X -
Individlllal polychiorinated biphenyls X X -
Pentachlorophenol X X ISO 14154

NOTE
a case-by-case basis.

X" Indicates that the characteristic may be relevant. However, decisions about relevance should always be made on
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Table 13 — Potentially harmful organic substances and groups of substances soluble in water

Use of soil material International Standard
Substance group Natura.l Construction Extraction Determination
(produc_:tlve) (e.g. method method
function earthworks)
Groups of compounds: see Note 2 see Note 3
Volatile aromatic hydrocarbons X X
Petroleum hydrocarbons X X
Minerat-eil-centent X X
Polygyclic aromatic hydrocarbons (PAHs) X X
Halogenated hydrocarbons X X
Phenols X X
Chlofinated phenols X X
Polythlorinated biphenyls (PCBs) X X
Persjstent herbicides X X
Triagines and phenyl urea herbicides X X
Speg¢ific compounds:
Benzene X X
Ethy|benzene X X
Tolugne X X
Xylehes X X
Methyl t-butyl ether (MTBE) X X
Indiviidual PAHs X X
Indiviidual PCBs X X
Phenol X X
Pen:I;chIorophenol X X
NOT£1 “X” indicates that the characteristic may be relevant. However, decisions about relevance should always be made on
a cage-by-case basis.
NOTE 2 There are many-different extraction methods based on batch processes (e.g. shaking with fixed amount pf water,
sequential extractions, or-eolumns). For a detailed discussion see annex E of ISO 15175:—
NOTE 3 There are“a“variety of analytical methods for water available as International Standards which may be agplicable.
Howgver it is important to confirm that they will work with the extracts obtained from a particular (contaminated) soil matgrial.
444 Phlysical characteristics

Physical characteristics that it may be desirable to determine when soil materials are to be re-used are listed in
Table 14. Measurements on the soil material of interest may be made before placement or after placement. In the
case of soil and other soil materials that are to be excavated, some before-placement measurements are
necessarily made in situ and some ex situ. In some cases, similar properties may be measured either in situ or ex
situ. The assessor must determine which is most appropriate in each case. In the case of treated soil materials and
manufactured soils, only ex situ measurements are possible.

Some of the characteristics to be measured influence the geotechnical and handling properties of the soil material.
International Standards and guidance on geotechnics in civil engineering, e.g. ISO 14688-1 and ISO 14689, may
also be of relevance.

At the target site, it may be desirable to measure some characteristics before the imported soil material is placed, in
order to ensure that the application is suitable (again if the depth of soil material to be placed is particularly high,
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some geotechnical measurements may be desirable). Other measurements to be made concern, for example, the
“health” of the soil material as a growth medium. If the soil material is being used in earthworks, then appropriate
geotechnical measurements on the placed soil may be required, depending on the precise function(s) it is required
to perform.

Table 14 — Physical parameters

Source site Target site
Before placement Before placement After placement Inter-
Parameter national
Natural Construction Natural Construction Natural Construction Standard
(productive) (e-g. earth (productive) (eg. (productive) (eg.
function works) function earthworks) function earthworks)

In Soil prpfile X X X X - < -

situ | description
Texturg - - - - -
Coars¢ material X - X - - - -
Electrigal X - X - — - -
condugtivity
Redox|potential X - X - - - SO 11271
Water content X X X - - - SO 10573
Presence of roots X X X = - - -
etc.
Bulk density X X - - - - SO 11272
Hydradllic - - X - - - -
condugtivity
Pore water pressure - - X - - - SO 11276
Plastigity index X X X X - - -
Considtence X ~ X - - - -
Structyre stability X - X - - - -
Infiltrafion rate - - X X X -

Ex Particle size £ - X X - X SO 11277

situ distribtlltion
Aggretl;ate stability - - X X - - -
Coars¢ material - - X X - X -
Bulk density - - X X - - SO 11272
Water content - - X X - - SO 11461
Particle density - - X X - - SO 11508
Water-retention - - X X - - ISO 11274
characteristics
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4.4.5 Biological characteristics

76:2002(E)

Some biological characteristics that it might be desirable to measure when soil is to have a productive use are
listed in Table 15. It is assumed that these are not relevant when soil is to be used for a non-productive use (e.g.
earthworks), but note that such fill may underlie more productive layers and that some biological characteristics

might then

be relevant.

It is unlikely that biological measurements will be made on a routine basis when soil materials are to be re-used.
However, biological measurements which determine toxicity directly or indirectly can be particularly valuable, for

example:

effect

by pH
effect

5
D

5 there will be in practice. Direct measurements can avoid costly conservative.assumptions;

ine from simple analytical measurements what additive or synergistic effects there might
sms;

, such as the phytotoxic effects of zinc, nickel and copper, alone and in combination, may
and the presence of organic matter or clay minerals, and consequently it is difficult to

it is difficult to

be on living

be mitigated
predict what

— treatment has resulted in the presence of residual concentrations of substances (e.g. hydrocafbons) above
limiting concentrations; it may be possible to demonstrate that nevertheless.there is no residual tokicity;

— treatnmpent may have resulted in formation of difficult to identify intermediates and final products;

— it is necessary to demonstrate that mitigating measures, e.g,.addition of lime or organic matter|to soil, have
had their desired effect;

— to demonstrate that a manufactured soil (which may in some cases include industrial byfproducts as
comppnents) provides a “healthy” and “productive” gfowth medium.

Of coursel, measurements before and after any treatment or amendment of soil are often desirablg in order to

demonstrgte any beneficial effect.

It should b

overa

an ahb
organ
the o

condifions can change over time. For example degradation of organic matter and changing pH
availgbility of substances to biological systems and thus toxicity might increase with time. In ¢

i

naturgl mechanisms such_as biodegradation might reduce concentrations of toxic substances,

e noted that:

I lowering of toxicity.ZPhus, repeat measurements after a number of years may be desirable.

sence of toxiCity’to plants does not necessarily mean that the soil is “healthy”. Toxicity 1
sms may_oceur at concentrations below those that affect plants directly, and this may ad
erall “health” of the soil, thus lowering productivity.

can alter the

bntrast, other
eading to an

o soil micro-
ersely affect
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Table 15 — Biological measurements on productive soil materials

Genera.nl . Specific measurement/example Relevant International
characteristic Standard
Microbial activity Respiration -
Mineralization of organic chemicals ISO 14239
Rate of decomposition of organic matter -
Soil microbial mass ISO 14240-1, ISO 14240-2
Biodegradation under anaerobic conditions ISO 15473
Biodegradation under aerobic conditions ISO 11266
Nitrogen mineralization ISO 14238
Toxicity ffo plants Inhibition of root growth 1ISQ 112691
Effects on emergence and growth of higher plants ISO© 11269-2
Germination -
Field tests on higher plants -
Toxicity fo micro- Inhibition of microbial activity ISO 14238
organisiis Change of population diversity ISO 16072
ISO 17155
Presende of pests Nematodes -
Fungi -
Microbidl biomass Induced respiration method ISO 14240-1
Fumigation-extraction method ISO 14240-2
Toxicity fo macro-fauna | Acute toxicity to earthworms (Eisenia fetida) ISO 11268-1
Effects on reproductionof-earthworms (Eisenia fetida) ISO 11268-2
Effects on earthworms (Eisenia fetida) — Field testing ISO 11268-3
Inhibition of repraduction of Collembola ISO 11267
5 Data quality, handlingand evaluation
The purpose|of characterizing soil (or other media) as suggested in this International Standard is usually to enable
judgements tp be made about its suitability for a defined use (e.g. arable farming, domestic gardens). This Irjternational
Standard prgvides_guidance on the types of data that might be required in an assessment and indicateg for which

that are appfopriate to the task in hand. Suggestions on how to handle and evaluate the data arisi

from an

parameters dr procedures there are International Standards available. The assessor should choose those I_T;]arameters

assessment isprovidedimannex A.

6 Using this International Standard

Some examples of assessment using the principles of this International Standard are provided in annex C.
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Annex A
(informative)

Data quality, handling and evaluation

The purpose of characterizing soil (or other media) as suggested in this International Standard is usually to enable
judgements to be made about its suitability for a defined use (e.g. arable farming, domestic gardens). These
judgements may be made by reference to published international or national standards that set out physical, chemical
or other cijteria that shall be met, or against criteria set on a site-specific basis. When contaminants @ar¢ present that
might be Harmful to human health or the environment, it may also be made on the basis of a site-specific qualitative,
semi-quantitative or fully quantitative risk assessment. In many jurisdictions, formal guidance on such-assg¢ssments has

been published. In some cases this guidance fits within a legislative framework. Guidance has;also been provided by
professionpl organizations and some standardization bodies.

Before any judgement can be made about the suitability of the soil material for use, the sufficiency of data to be used
should be pvaluated. The data should be sufficient in terms of

— type (e.g. if chemical: total, pseudo-total, water-soluble, as appropriate),

— quantjty (e.g. number of sampling locations and number of sampleS from each location),

— quality of tests, analysis and assessment.

These reqirements apply equally to “information” such as that‘obtained from desk studies and to numer|cal data from

measurem
best guard
quality ass

This Intern
indicates f

ent programmes. The sufficiency of the informationrand database on which the assessment is
nteed by careful planning of the necessary investigations and the use of appropriate qualit
urance procedures.

ational Standard provides guidance:on the types of data that might be required in an ass
br which parameters or procedures there are International Standards available. The assessor s

o be made is
y control and

essment and
hould choose

rtionate costs
e, a particular

those pardg
and time d

meters that are appropriate to the'task in hand. The assessor should bear in mind the dispropg
elays that may result if it is ne¢essary to carry out an additional sampling exercise if, for exampl

parameter|is not determined when the epportunity is available.

Before invéstigation of the soil or other material is started, it is essential to

— defing the objectives©fjthe investigation,

— establish a sampling strategy in terms of types of samples to be obtained, sampling locatiopns, and how
samples are to.be handled consistent with these objectives (more detailed guidance on sampling |s provided in
4.3),

— establish’an analytical and testing strateqy taking into account the guidance in this and other relevant

International Standards,

set data quality objectives consistent with the assessment procedure to be used.

It is essential to have sufficient data. The confidence that can be attached to any judgements made, for example
through comparison with the requirements of a published standard (the requirements in such standards regarding
sampling should always be followed) or a site-specific risk assessment, is no greater than the confidence there is in the
representativeness of the data. This applies equally to soil that is being assessed in situ before excavation and to the
stream of treated material arising from a process-based treatment method. For example, if because of the limited
amount of sampling carried out, there is only 25 % confidence that a “hot spot” of contamination occupying 5 % of the
volume of material has been identified, then comparisons with published criteria may be unsound. In the case of
material arising from a process-based treatment method, a statistically sound basis for sampling should be agreed
before treatment starts.
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Care should be taken in deciding what statistical expression(s) of the data is to be used in the assessment, as this can
affect the choice of sampling procedures. For example, for agricultural purposes average compositions may be
appropriate, and thus a composite sampling method that gives a good estimate of this “property” may be appropriate.

For human health assessments, a statistic such as the “95 % upper confidence level of the mean” or the “maximum
observed value” is more likely to be required and thus a different sampling procedure will be required.

The quality of the data to be used can be assured by

— setting formal data quality objectives (e.g. for accuracy, reproducibility, etc.),

— using stgndardizedanatyticarand testing methods suchas those fisted i this nternmationat-Standarg or, where
Internatipnal Standard methods are not available, those published by national standardization~or/{equivalent
bodies,

— using lalboratories with accreditation meeting the requirements of ISO/IEC 17025,

— using lalboratories that take part in relevant proficiency testing schemes,

— the commissioning agent employing its own quality assurance procedures.

Often, the reports presenting the results of assessments are scrutinized by_regulators and other interested parties,

including the|general public. It is important, therefore, that such reports be-0f a high technical standard byt also take

account of the diverse, and often non-technical, readership. Use should therefore be made of tabular ummaries,

graphical and other means to present the data in ways that make the data as easy as is practicable to ass|milate and
assess.

32 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=c00fdfee943a31a6b5eb2efd390bc489

ISO 15176:2002(E)

Annex B
(informative)

Good practice in the re-use of soil materials

B.1 General

This annex highlights key technical factors influencing the satisfactory re-use of soils and othef stil materials.
Suggestions are also made regarding the requirements for continued surveillance once soil materials have been
placed at the receiving (target) site to ensure that the objectives of re-use are achieved over the longer tgrm.

The guidgnce provided is primarily applicable to natural soils, but should be applied, te other soil [materials as
appropriate. It is based on practice and experience in temperate climates; however, due regard should b¢ paid to local

climatic conditions. The guidance is not exhaustive; for more details, reference should be made to| authoritative
guidance @n the use of top soils and the reclamation of degraded or derelict land.

It is essential that due regard be given to national regulations, codes of practiCe'and other general requirements. In

addition, it|is essential that adequate site supervision be provided to ensure'that all planned procedures|and activities
are put intp place.

B.2 General guidance for re-use

B.2.1 The principles

Whenever| possible, the following general principles: should apply when soils and other soil materials fare to be re-
used:

— usefulness;
— harmlessness;
— avoidance of excavation or removal from site;

— avoidance of damage during handling, storage or placement.
B.2.2 Usefulness
Whenever|possible)the use of the soil material should provide benefits at the target site. For example, festoration of

degraded [land, \reclamation of mining areas, earthworks, soil improvement especially for agricultural use (e.g.
increasing|water-holding capacity, increasing depth of rooting zone, improving workability).

B.2.3 Harmlessness

When there is to be no change in intended land use at the target site, imported soil materials should not lead to a
permanent reduction in performance of relevant soil functions.

When there is to be a change of use, the soil should be suitable for the new use. This may permit some change in
performance of some soil functions.

The chemical, physical, biological and “basic” characteristics of the soil material should be used in evaluation of
harmlessness. The concentrations of potentially hazardous substances are usually decisive for harmless re-use. The
concentration should not normally be adjusted by mixing with less contaminated material.

The concept of harmlessness is illustrated in the examples described in annex D.
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B.2.4 Avoidance of excavation or removal from site

Removal of soil from the excavated site should be avoided whenever possible. Use of excavated material within the
construction site (mass balancing) reduces environmental impacts, for example from waste disposal and traffic

movements.

B.2.5 Avoidance of damage to soil material during handling, storage and placement

Impairment of

soil functions can be caused, for example, by

poor excavation practice,

poor sto

compaci

The ability of
hence be irrg
possible limit

B.3 Hand
When soil or

Topsoil, subg
(see Annex I
excavated in

During excay
compatible W
wetter than th

Intermediate
possible. If in
by limiting th
infiltration an
stack should
growth shoul
mechanical 1
mechanical

B.4 Place

Ckpiling practice,
ion by heavy machinery.
the soil structure to regenerate is limited. Detrimental structural changes, in particular of s

5 the extent and intensity of compaction.

ing and storing excavated soil and other soil materials
s0il material is to be excavated, any plants growing on the ared to be excavated should first be

oil and other soil layers with distinct properties [for example, soils belonging to different suitabi
D)] should be excavated, stored and re-used separately. To limit compaction, the subsoail
a single operation without intermediate trafficking.

ation works the consistency of the soil, which is largely governed by the moisture content,
ith the planned handling, transport and placement procedures. Soil should not be handled
e lower plastic limit. After wet weather, neither topsoils nor subsoils should be allowed to dry g

storage of soil material always inereases the risk of quality deterioration and should be

e height of the stockpile (to"aymaximum of 2 m in the case of humic soil), adopting a profile
 erosion and by limiting storage duration. In cases of prolonged storage (e.g. more than 6 m
be planted with deep(footing, frost-resistant (where relevant) and water-consuming plants,
d be controlled to prfevent a build-up of seeds in the stored material. The latter should be a
neans rather thanCby use of herbicides, with a balance being drawn between the risks of po
amage to the soil,

ment at the target site

Ibsoil, can

versible. Therefore, soil intended to have a productive function should be handled in a way that as far as

removed.
ity classes
should be

should be
when it is
ut.

avoided if

termediate storage of soil material‘is required, it should be protected from compaction and waterlogging

that limits
pnths), the
and weed
Chieved by
llution and

The success

of’soil movement and re-use is mainly determined by the chemical and physical properties o

the newly

deposited soil layer. A pedologically well-founded selection of appropriate soil material to be added, and the sound
handling of it and of the soil materials on the target site, are the essential keys to success.

Mechanical effects during redeposition can cause changes in the soil structure, depending on the structure's stability
(dependent for example on soil type, soil structure, soil moisture) and on the soil at the target site. There can be a
reduction in pore volume, a change in pore size distribution and an interrupted continuity of pores. The water and air
balance as well as the rooting capability can be impaired, soil pores clogged and the erodability increased. Since
newly deposited soils often have a poor infiltration ability, there can be an increased risk of run-off and consequently
increased erosion in heavy rain.

Soil material used for reclamation should usually be suitable to restore the native soil quality of target site, at least in
the long run. However, note that in some reclamations of degraded land or in creation of particular ecosystems this
may not be a requirement.
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Soil materials should be handled and placed in a way that avoids compaction on the target site. In addition, care
should be taken to avoid introduction of unnecessary nutrient inputs that might lead to polluting run-off or promote
nutrient-hungry plants at the expense of the desired, less nutrient-dependent species.

The probability of success of the re-use is generally enhanced if the following criteria are observed:

cover

soil m

the ch

established;

aterial is not applied by hydraulic fill or as a suspension;

large amelioration and recultivation areas are subdivided into sectors of a maximum of one hectare and plant

reclar
soil m
if a td
excay
the sq
remo
care i

avoid

follow
soil is

if nec

B.5 Afte

Good and
and physi
capacity,

maintaineq

rotatid
nutrie
occur,

adjusfment of the organic matter content of the topsoil to a level appropriate to the end use via

aractaristics of the saoil material ta ha annliad ara similar to thaosae of the sail at thg taraet site
aracteristi ilmaterial to be-applied-are-similarto th il atthe target sit
hation works are performed only in dry weather and only when both the topsoil and subseil a
aterial is placed in layers no more than about 0,2 m thick at a time;

tal depth of more than about 0,2 m is to be applied, any topsoil already présent is first r
ation should be carried out as a single action) and, if necessary, the subsoil broken up priq
il material;

ed topsoil is replaced afterwards;

5 taken when soil is placed on slopes to avoid risks of erosionsand run-off;

ance of compaction by heavy vehicles (this may require use of large tyres or other technique

ng soil application the area is levelled periodically;whilst taking care not to promote erosi
placed on a slope;

bssary, soil pH and base saturation are adjusted with either lime or gypsum, respectively.

ir-care of the target site

lasting productivity from the placed soil requires that appropriate nutrient and trace element ¢
al characteristics of the soil be first established and then maintained. The structure, mecha
brosion resistance and pore continuity of the improved and recultivated soil can be o
by adhering to the following principles in successive years of land utilisation:

ns, organic manures and other soil improvers. Rates of manure addition should be such th
ht leaching is.minimized. The site drainage should be designed to minimize the potential fq

ChOiCT of‘plants that promote development of soil structure and drainage;

re dry;

emoved (soll
r to applying

5);

bn where the

bncentrations
nical loading
btimized and

suitable crop
at the risk of
r pollution to

use of legumes and other plants that promote nutrient production and retention;

conducting land utilisation and maintenance measures only on appropriately dry soil;

B.6 Use of soil materials in construction works

remedying soil compaction and waterlogging by mechanical loosening and/or partial appropriate draining.

Good engineering practice as set out in international, national or professional codes of practice and standards

should be
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Annex C
(informative)

Guidance on determination of the scope of investigation needed before

excavation of soil materials

C.1 Gene

This annex d
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excavated m
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for site investigation and assessment, to make use of relevant interfational and national
ISO 10381 (all parts)], and to take account of any site-specific-requirements of local
.g. physical planning, public health, environmental protection).

mining the need for investigation

ating soil or other soil material in connection with a*building or other construction project, it is
ether it is likely to contain substances potentially~harmful to human health or the environm
e form of contaminants (anthropogenic origin)-0F be naturally occurring (geogenic origin). Th
sed on a thorough review of the documentation available on the site itself and on neighbo
contaminants may have occurred). Based on the desk study and site reconnaissance, hypoth
y of the presence of potentially harmful-Substances (see for example the discussion in C.3
veen site history and probable contaminants) and their likely distribution can be develop
tan be first tested by limited targeted (judgemental) sampling and subsequently by a mo
f required, following, as appropriate, the guidance on sampling in the appropriate part of ISO 1

nary and exploratory investigations give reason to believe or demonstrate that potentia
re present, chemical.investigation is required. The investigation should take into account the
urrounding areas, and-the clues that this can provide about the contaminants likely to be prese

Subject to th
if there is

establishing building sites on areas which have not been used by industry or trade, for waste disposal or

views of locdlregulators and legislative requirements, detailed investigations are generally n
indication>ef anthropogenic changes or geogenic substance accumulations, for exam

standards
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sites. However, it should be noted that some agricultural and horticultural sites may be contaminated and that there is

a degree of

ntamination of surface soils in old residential areas.

In some jurisdictions it may also be unnecessary to carry out extensive assessments (subject to local regulations) if

soil excavated from areas with anthropogenically increased background loads is placed at the same depth

within the soil profile and re-used on the site from which it was removed or on comparable sites in the region,

isused i

36

n areas where there are soils derived from the same parent rock,

topsoil from family and house gardens is re-used within the same property,

topsoil material from forestry areas is re-used for similar purposes.

soil excavated from areas with geogenically increased contents of inorganic pollutants is involved, provided it
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C.3 Development of analytical strategies

Samples of soil materials should normally be analysed for their pseudo-total concentrations [e.g. metals soluble in
strong acids such as aqua regia (ISO 11466)], availability to plants (concentrations soluble in weak extractants) or the
environment (e.g. concentrations extractable in water) and in respect of the soil parameters that might influence their

behaviour

(e.g. pH value, percentage of organic material, clay content).

Some suggestions regarding where investigation is required and the range of analyses required are listed in

Table C.1.

Care should be used in following all such listings, including those given here. They do not obviate the need for the
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regime (e.g. field capacity, infiltration ability, air capacity, ‘€xchange capacity) as well as the
cultivated (e.g. rock content) should be taken into account for soil material used for soil im
n. This includes pH value, clay content (soil type), parent material and organic matter (humus)

of soil material containing proportions of e.g. sulfate rock (gypsum, anhydrite) or pyritic cla
pairment of surface or groundwater quality at-the target site.

rmation into

Veil's disease

C.2.

Al should be
e a risk of a
ers.

ater, air and

ability of the
brovement or
content.

mineral can
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Table C.1 — Types of contaminated sites and related compounds

Type of industry Typical contaminants

Petrol stations and other sites for storage, Volatile aromatics [benzene, toluene, xylene, ethylbenzene, methyl t-butyl ether
treatment and handling of oil and petroleum | (MTBE)]; alkanes C4to C,,; methyl ethyl ketone (MEK); organolead.

Manufacture of paint, lacquer and enamel Solvents (petrol, turpentine, volatile aromatics, alcohols, ketones, esters,
glycoethers and esters, chlorinated hydrocarbons, acrylamides); metals, etc.
(arsenic, chromium, copper, cadmium, lead, zinc).

Asphalt and tar production plants Volatile aromatics [benzene, toluene, xylenes; phenols; naphthalenes,
polycyclic aromatic hydrocarbons (PAHSs)]; other hydrocarbons.

Gasworks Phenols and alicyclic phenols, PAHs, volatile aromatics, cyanides;,
thiocyanates, ammonia, sulfur compounds.

Timber treatment Phenols, PAHSs, creosote, chlorophenols, pesticides, dinitrophenol, afsenic,
chromium, copper, tin, zinc, fluorides.

Tanneries Solvents, sulfides and sulfates, chlorophenols, cyanides; acids, alcotols,
esters, ketones, xylenes, aluminium, arsenic, boron;chromium, cadnpium,
cobalt, lead, anthrax spores.

Plating works|(galvanic industry) Chlorinated solvents, other solvents, cyanides;“hydocarbons, arsenic
chromium, cadmium, chromium, copper, lead, nickel, silver, zinc.

Auto repair Aliphatic hydrocarbons, volatile aromatices, PAHs, styrene, chlorinated
hydrocarbons, other solvents, amines; isocyanates, MTBE, glycols, tpluene di-
isocyanate (TDI), copper, leadaluminium.

Foundries, metal works, etc. Aluminium, arsenic, cadmium} copper, chromium, lead, manganese, phickel,
zinc, antimony, sulfidesyphienols, formaldehyde, acids, cyanates, carpamides,
amines.

Metal industry Cadmium, copper,‘chromium, nickel, lead, zinc, aluminium, mangangse, iron,

tin, boron, fluorides, polychlorinated biphenyls (PCBs), polychlorinatgd
triphenyls, hydrocarbons, chlorinated hydrocarbons, solvents, glycolg,
turpenting;-alkanes, cyanides, phosphorus, acids, ethers, silicates, PAHSs.

Petrol industrles Volatile aromatics (benzene, toluene, xylene, ethylbenzene, MTBE); plkanes Cg
to €,,; MEK; organolead compounds; PAHS; acid tars and other progessing
residues.

Rubber and slynthetics industries Volatile aromatics (benzene, toluene, xylene, ethylbenzene; chlorinated
solvents); other solvents.

Wood, wood fibre and laminate industries Toluene, xylenes, trichloroethene, methyl methacrylate, other solvents.

Chemical laupdries and dry cleaners. Trichloroethene, tetrachloroethene.

Printing indugtries Chlorinated solvents, benzene, toluene, xylene, acetone, isopropano|, other

solvents, lead, antimony.

NOTE Thig and afny-similar listings should be used with care. The listing of potential contaminants is not necessarily complete;| what is
present depends on‘the actual processes used. Not all contaminants listed will be present on a particular site.
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Table C.2 — Guidelines on when to investigate soil and soil materials

Situation

Recommended investigative action

purposes

Soils in industrial areas and in areas used for military

Determine analytical strategy on the basis of site history - see

Table C.1.

urban and

Topsoil (for disturbed soils also deeper layers) in the centre of

industrial areas (e.g. city centres)

Determine analytical strategy on the basis of site

history.

Possible hazardous waste sites, abandoned hazardous waste
sites and their surroundings

Determine analytical strategy on the basis of site

history.

Topsoil alongside roads including verges

As, Pb, Zn, Cd, Ni, PAHs - the extent of contamination will

vary with the age of the road and the amoun

t of traffic. A

Soil of sm
where fluid

bll areas, outside\farmyards, mainly in farm sheds
fuels and chemicals are kept and distributed.

minimum distance of 10 m from the edge\ o] the road is
recommended.

Topsoil afound buildings and structures with anticorrosive | Pb, Zn, Cd, Cu.

coatings (g.g. treated power supply pylons, bridges)

Dredged material if the nature of the catchment area of the |Heavy metals and arsenic, miheral oil hydrocarbons, PAHs,

water givep rise to the suspicion that the sediments may be | PCBs.

contaminated

Topsoil in| the surroundings of relevant emitting sources, | Determine analytical~strategy on the basis qof site history

e.g. cemert industry, crematory, metal smelters (e.g mercury frofy crematoria, fluoride from| brickworks).
Dioxins may befrelevant to some sources.

Areas sublect to flooding (also flood-control reservoirs) if the | Heavy metals and arsenic, PAHs, PCBs.

catchment| area of the waters gives rise to the suspicion of

sediment dontamination

Waste maferials (spoil) from metalliferous mining areas and | Heavy metals and arsenic, sulfides, cyanide, salts.

their surrojindings

Soil (up to] 0,3 m deep or to the cultivation depth) from areas | Heavy metals and arsenic, PAH, PCB, PCDD/F.

where conlpost and sewage sludge have been spread

Soil (up to| 0,3 m deep or to the cultivation depth):from areas | Determine analytical strategy on the basis of site|history.

where indystrial or commercial wastes have been spread

Soils from| areas on which untreated wastewater has been |Heavy metals and arsenic, PCBs, PAHs, PCDD/F.

percolated|over many years

Top soil frgm areas used for family andshouse gardens Heavy metals and arsenic, organochlorine pesticjdes, PAHSs.

Top soil flom permanent cropping,areas such as vineyards, [ Cu, As, Hg, organochlorine pesticides, organic fungicides.

land used for hop cultivation, tea plantations

Soil in old

brchards

As, Pb, organic pesticides.

Soil in forg
because

stryl areas where there is reason to suspect (e.g.
pf_timber treatment activities) accumulation of

Heavy metals and arsenic, pentachlorophenol, g
pesticides, PAHSs.

rganochlorine

potentially

l et
1dZdiuvuuo oubolarivtT o

to atmosp

Areas where the soil is suspected of being contaminated due

heric deposition or other area-wide mechanisms

(e.g. flooding with contaminated river water)

Heavy metals and arsenic.
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Annex D
(informative)

Example of classification and evaluation of soils and other soil materials

D.1 General

This annex i
Standard ca
requirementg

D.2 The ¢

Soils and oth
their physica
of the parent

D.3 Suital

D.3.1 Test

Test criteria
substances,
When the pH
in the evalua

Possible suit
D.3.4 below.

Table D.1 — Suitability.classes depending on the potentially harmful substance content

provided solely as an example of how data obtained following the principles outlined in this Inj
h be applied in temperate zones. It should be noted that it may conflict in parts™with
or codes of practice applicable in some jurisdictions.

pncept of suitability classes

characteristics, contents of potentially harmful substances and nutrients, and the type and ¢
material.

pility classes depending on harmful substance content

criteria and suggested suitability classes

comprise the pseudo-total contents of potentially harmful substances. For the evaluation o
bH values and soil type, and for organic pallttants, the organic matter content should also be d
of the soil material is low, the mobile heavy metal contents (neutral salt extraction) should al
ion.

bbility classes are suggested in Table D.1. The scope of the suitability classes is described

ternational
legislative

er soil materials can be broadly classified in terms of their suitability, for-particular uses on the basis of

bmposition

f inorganic
etermined.
0 be used

n D.3.2 to

Suitability class Maximum permitted concentration of potential

harmful substance

ly

I U

nrestricted reuse Background value (but see Note)

I R

pstrictedire-use Generic requirements for potential use(s)

i R

bstricted re-use subject to specified technical | Generic requirements for the protection of surface

safety

or

measures being employed ground water resources

IV Re-use not permitted; treat as waste

Limits applicable to waste disposal

NOTE

values.

In some jurisdictions, generic guideline values (to be applied with professional judgement) or standards [legally
binding value (ISO 11074-1)] may have been set somewhat above natural background values but at a level judged to pose
minimal risks to defined potential human and ecological targets. In some jurisdictions these are known as soil screening

D.3.2 Unre

stricted re-use

Depending on the circumstances, the limiting concentrations of potentially harmful substances for unrestricted use of
a soil material might be set on the basis that concentrations arising from anthropogenic sources (i.e. contaminants):
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