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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

Characterizations of soils and sites relating to human exposure are performed all over the world. They
are often planned and conducted by consultancies and expert organizations. Information from these
characterizations is used to assess human exposure. Furthermore, these characterizations are used
for decision-making by companies, individuals and local and national authorities as well as a basis for
recommendations and regulations issued by national and international authorities.

The assessment of potential human health effects from exposure can be used for:

— the classification of contaminated sites:

The

in which the exposure is assessed, e.g. calculations can be based<n different scenarios, ea

diffe

The
level
healt
conc
of th
conc
area
and {

ecommendations regarding the remediation of sites, soils and soil materials,"e.g
emediation;

ecisions regarding the future/planned use of contaminated sites;

priority of

ecisions regarding the disposal/treatment/re-use of contaminated or remediated soil and/or soil

aterial.

nformation needed for evaluations of human exposure is, to some extent, dependent

rent information.

on the way
Ch requiring

pxtent of investigations necessary for the assessment ofthuman exposure varies depending on the

of contamination and the investigated area. In somé cases, the assessment of pote
h exposure can be based solely on informationcen the substances present in the s
bntrations and the relevant soil parameters. In ether cases, it is necessary to know the “
e substance (i.e. the proportion biologically@ctive). This information will depend on {
entration of the substance, the relevant soil parameters and the type of exposure relg
investigated, represented in the conceptual site model (CSM). Furthermore, the samp

trategies can depend on the use of the-project area and the possible exposure patterns

ntial human
il and their
availability”
he type and
vant for the
ling method

D.
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INTERNATIONAL STANDARD

ISO 15800:2019(E)

Soil quality — Characterization of soil with respect to
human exposure

1

Scope

This document provides guidance on the type and extent of soil characterization necessary for the

evalyatiomof Tunmam exposure to SUbStaIces Present i possibly feading to adverse effects:

It dogs not provide guidance on:

Backiground information is provided on human health related to exposure’to soil and the
expofsure via different pathways.

NOTHE 1  For convenience “soil” in this document also includes “soil nfaterial” unless stated othery

the design or selection of numerical models that can be used to estimate expasurte;

potential exposure to radioactivity, pathogens or asbestos in soil.

nfluence on

vise.

NOTE 2  Overall exposure can be due to potentially harmful 'stibstances (PHSs) in soil, groundwater and

air. Exposure to those in soil can be direct (e.g. through inhalation, ingestion, cutaneous contact
(through the consumption of plants or animals that have taken“up substances of concern).

NOTHE 3  The evaluation of the possible impact on human health of potentially harmful substa
commonly required when these are present as a result*of human activity (e.g. on old industrial s
someftimes be required when they are present naturally.

NOTHE 4  Soil characterization precedes the assessment of the compatibility between soil and it
qualify assessment). Tools such as a conceptual site model (CSM) and health risk assessment can k
this gssessment.

), or indirect

nces is most
ites) but can

use (i.e. soil
e used to aid

NOTHE S5  Soil characterization canibé used to develop an overview of population exposure to soil. Other

Interpational Standards are available that can aid the characterization of other media (e.g.
groundwater), in terms of their{possible adverse effects on humans.

2
The

consfitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

Normative referénces

following documents are referred to in the text in such a way that some or all of t

11074, Soil quality — Vocabulary

surface and

heir content
applies. For
hts) applies.

ISO 25177, Soil quality — Field soil description

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11074, ISO 25177 and the
following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

© IS0 2019 - All rights reserved
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31

analytical data quality objectives

statement of the required detection limits, accuracy, reproducibility and repeatability of the required
analytical and other data

Note 1 to entry: Generic data quality objectives might sometimes be set at national level. Data quality objectives
can also embrace the amount of data required for an area of land [or part of a site (3.21)] to enable a sound
comparison with generic guidelines or standards or for a site-specific or material-specific estimation of risk (3.17).

3.2
bioaccessibility
fraction of
juices and t

stinal

lus available for absorption

[SOURCE: IS0 17924:2018, 3.2]

3.3
bioavailability
fraction of ajsubstance present in ingested soil (3.23) that reaches the systemic circulation (blood strgam)

[SOURCE: IS0 17924:2018, 3.3]

34
contaminant
substance of agent present in the soil (3.23) as a result of human agtivity

Note 1 to enty: There is no assumption in this definition that harms results from the presence of the contaminant.
See also pollitant (3.14).

[SOURCE: IS0 11074:2015, 3.4.6, modified — Term number in Note 1 to entry has been adapted tp the
numbering ¢f this document.]

3.5

deep soil
soil (3.23) that is generally deeper than 90 (cmn' and that is not accessible in normal situations buf can
become acc¢ssible in case of construction site for example

Note 1 to entry: Examples include congtruction of foundations and basements, installation of services, planting
pits for treesjand shrubs.

3.6
exposure aksessment
process of ¢stablishing<whether, and how much, exposure occurs between a receptor (3.16) 4nd a
contaminated source (3/26)

[SOURCE: IS0 11074:2015, 5.2.11]

3.7
exposure pathway
path a chemical takes from a source (3.26) to a receptor (3.16)

EXAMPLE Ingestion, inhalation (3.11) or cutaneous contact.

[SOURCE: ISO 11074:2015, 5.2.12, modified — Note 1 to entry has been replaced by the example,
accepted term "exposure routes” not included.]

3.8
groundwater
water which is being held in and can be recovered from an underground formation, except capillary water

Note 1 to entry: Groundwater is usually taken to include any water, beneath the surface of the land or beneath

the bed of any stream, lake, reservoir, or other body of surface water (3.29), whatever the geological formation or
structure in which such water occurs; but water within the beds of streams, etc. is often excluded.

2 © IS0 2019 - All rights reserved
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[SOURCE: ISO 11074:2015, 3.2.3]

39

hazard
property of a substance or material or situation that in particular circumstances could lead to harm or
pollution

[SOURCE: ISO 11074:2015, 5.2.15]

3.10

ingestion

expo

cure pnfhmmv ('2 7) of substances rp;xrhing the hndy hy aralintake_such as from conta

inated food

or di

3.11

Fect soil (3.23) intake, in particular by children

inhallation

expo

Note
bron

3.12
non-

sure pathway (3.7) of airborne particles and gases reaching the body during btreathing

1 to entry: The inhalation exposure covers alveolar exposure as well as bronchial expos
hial mucus can subsequently be ingested.

threshold effect substance

substance for which there is considered to be some risk (3.17)-at any level

3.13

pathway

mechanism or route by which substance or agent could come into contact with, or otherw
receptor (3.16)

Note|l to entry: Examples can be migration pathway, transfer pathway and exposure pathway (3.7).
[SOURCE: 1SO 11074:2015, 5.2.21, modified. — Note 1 to entry added.]

3.14

pollutant

subsfance or agent present in thesoil (3.23) [or groundwater (3.8)] which, due to its proper

or concentration, causes adverse impacts on soil functions or on human health or other rec{

[SOU
was

3.15
pote
PHS

subs

RCE: ISO 11074:2015,/3.4.18, modified — The phrase "or on human health or othe
hdded.]

ntially harmful substance

Fancelpiagent present in the soil (3.23) [or groundwater (3.8)] which, due to its proper

ire; and this

Fise affect, a

ties amount
eptors (3.16)

- receptors”

ties, amount
(3.16)

or colncentration can cause adverse impacts on soil functions or human health or receptors

3.16

receptor
defined entity that is vulnerable to the adverse effect(s) of a hazardous substance or agent

EXAMPLE Human, animal, water, vegetation, building services, etc.

[SOU

3.17
risk

RCE: ISO 11074:2015, 3.3.29]

combination of the probability or frequency of occurrence of a defined hazard (3.9) and the magnitude
of the consequences of the occurrence

[SOU

© ISO

RCE: ISO 11074:2015, 5.2.24]
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3.18

risk assessment

assessment performed with the data and other information from the site (3.21) investigations using
databases and numerical models for assessment of the release of contaminants (3.4) and naturally
occurring potentially harmful substances (3.15), environmental fate analysis, exposure assessment (3.6),

environmen

3.19

tal impact analysis, environmental impact analysis and an uncertainty analysis

risk characterization
evaluation and conclusion based on the hazard identification and the exposure and effect assessment

3.20
scenario
quantitativ
set of con
concentrati
characterist
situation

3.21
site
scope cover

Note 1 to ent

affected by tlhe same contamination.

3.22
site charac
collection of

Note 1 to er
characterizat

!

ns of agent(s)involved, and exposed organism, system, or (sub)populatiofi’(i.e. numpbers,

e risk assessment
itions or assumptions about sources (3.26), exposure pathways (3.7),amount

ics, habits) used to aid in the evaluation and quantification of exposure(s) in a §

ed by the study

ry: It could be a site in the property sense (plot with defined‘botindaries) or a more extended

ferization
appropriate information including analyticaldata, etc. for the assessment in question

ion element of the exposure assessment (3.6

S or

riven

area

try: In connection with risk assessment (3.18), specifically the source (3.26) identificatiop and

[SOURCE: IS0 11074:2015, 2.3.12, modified =~The phrase "of data connected to a site providing'| was
deleted and|"including analytical data, etc." Was added.]

3.23

soil

upper layer;

of the Earth’s crust transformed by weathering and physical/chemical and biolg

gical

processes and composed of min€ral particles, organic matter, water, air, and living organisms organized

in generic sq

Note 1 to enf
sands, gravel
as wastes; gr

il horizons

ry: In a broader sense, soil includes topsoil (3.31) and subsoil (3.27), deposits such as clays,
s, cobbles, boulders, and organic matter and deposits such as peat; materials of human origin
pund gas-and moisture; and living organisms.

silts,
such

[SOURCE: IS

0711074:2015, 2.1.11, modified — Note 1 to entry "civil engineering" was deleted.]

3.24

soil characterization
determination of relevant physical, chemical and biological properties of the soil (3.23) in case of human
exposure assessment (3.6)

[SOURCE: ISO 11074:2015, 2.1.12, modified — The phrase "in case of human exposure assessment”

was added.]
3.25

soil material
material composed of excavated soil (3.23), dredged materials, manufactured soils, treated soils and fill

materials

[SOURCE: IS

4

0 11074:2015, 7.4.16]

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c281f753374eadfd2c5889ebb17a4a57

ISO 15800:2019(E)

3.26

source

place from which a substance or agent is released giving rise to potential exposure of one or more
receptor (3.16)

[SOURCE: 1SO 11074:2015, 3.3.35]

3.27
subsoil
natural soil material (3.25) below the topsoil (3.31) and overlying the parent material

[SOUR(“F" 1S0 11074:2015 2 1 20 _modified — Note 1 to entry was deleted ]

3.28
surface soil
soil (B.23) exposed at the surface

Note [l to entry: Sometimes referred to as accessible soil or superficial soil.

3.29
surface water
water on the surface of the planet such as in a river, lake, wetland, or¢cean

Note [l to entry: It can be contrasted with groundwater (3.8) and atm@spheric water.

3.30
threpshold effect substance
substance where the critical effect is considered tolrave dose or exposure below which & significant
advefse effect is not expected

Note |l to entry: An adverse effect is a change in morphology, physiology, growth, development dr life span of
an organism which results in impairment of fungtional capacity or impairment of capacity to compensate for
additjonal stress or increase in susceptibility.to the harmful effects of other environmental influenges. Decisions
on whether or not any effect is adverse require expert judgement.

3.31
topspil
upper part of a natural soil (3:23) that is generally dark coloured and has a higher content of organic
matter and nutrients when.compared to the (mineral) horizons below, excluding the humug layer

[SOURCE: ISO 11074:2015, 2.1.21, modified — Note 1 to entry has been removed.]

4 Use of thissdocument

The purposeof characterizing soil (or other media) as suggested in this documentis primarilly to perform
risk asséssments with respect to human exposure. These assessments can be performed py referring
to published international or national standards that set out physical, chemical or other friteria that
shall be complied with, or according to criteria set on a site-specific basis. In many jurisdictions, formal
guidance on such assessments has been published and should be considered. Guidance has also been
provided by professional organizations and some standardization bodies.

This document provides guidance on the types of information that might be required for a human
health risk assessment and indicates for which parameters or procedures International Standards are
available. The assessor should choose those parameters that are appropriate to the task at hand. The
assessor will need to bear in mind the disproportionate costs and time delays that might result if it is
necessary to carry out an additional sampling campaign, or if, for example, a particular parameter is
not determined when the opportunity is available.

To provide context to this guidance, a general, non-normative account of human risk assessment, with
particular emphasis on when humans are exposed to soil is provided in Clause 5. Clause 6 considers the
relationship between soil and particular exposure pathways. Guidance on characterization of the soil,

© IS0 2019 - All rights reserved 5
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for example in terms of physical properties is provided in Clause 7, and in terms of what substances
to look for and how to measure them in Clause 8. Clause 9 provides information on how the results
of characterization can be used and Clause 10 provides guidance on how to ensure that information
collected including analytical data are sufficient for the investigation in hand in terms of quality,
quantity and type. How to achieve the last is the principal purpose of Clauses 7 and 8.

This document refers in places to substance, potentially harmful substances (PHSs) and to
contaminants. The latter applies strictly only when a substance or agent is present due to human
activity but unless indicated otherwise or by the context can be assumed to also include substances
that are present naturally as well as those present due to human activity. The term pollutant is not used

in this document (see Note).

As indicate
careful to dg
by people wj

I by the note below, those preparing human health risk assessments should alway
fine the terms and concepts they are employing in reports. Terms are not used cénsist
ith different backgrounds and experience, and there can be subtle differences-inhow t

are used and understood. It is also important to remember that reports will often bé“read by f{

without spe

NOTE It
are being ug

cific training or education in risk assessment.

is important when carrying out human health risk assessment to carefully) define the term
ed, especially for example “contaminant/contamination” and “pollutaht/pollution” because

might not be

understood to have the same meaning by people with different backgrounds and experience

document follows the established convention for documents published by ISO Technical Committee 190 (T

in distinguis{ing between
human activi

its properties
3.4.18). Henc
that this dist
recognised, it
in legislation
consistent be

5 Backg

“contaminant” (“substance or agent present in an environmental medium as a res
y - see 3.4) and "pollutant” (“substance or agent present in thig 50il (or groundwater) which,
, amount or concentration, causes adverse impacts on soil functions” - see 3.14 and 1SO 11074
b, “contamination” and “pollution” are not considered to be\the same thing. However, it is recog
nction is not always made at “official” level in all jurisdictions. Even in those jurisdictions wher
might be for some purposes but not others and the definitions of “contamination” and “pollution’
and regulations for different purposes can differ. lsi addition, the use of the terms is not neces
fween and even within guidance documents produced by government and professional bodies.

round

5.1 Characterization of soil and sites with respect to human exposure

Characteriz
arisk assesg

In most cot
Similarly, sof

htions of soils and sites with respect to human exposure are usually performed as a p{
ment.

Intries, industriahactivities have had adverse effects on soil and groundwater qu|
il and groundwatet quality is often adversely affected by agricultural and similar activj

Elevated copcentrations®@fpotentially harmful substances (PHSs) can also be present naturally.

The accumu
account whg

PHSs often |

lation of\substances in soil, groundwater and other media (food, air) should be taken
n quantifying human exposure to PHSs to assess potential effects on humans.

nave acute and/or chronic effects on human health. The risks usually addressed in fg

’'s be
ently
erms
hose

that
they
This
£190)
ult of
ue to
2015,
nised
eitis
used
sarily

irt of

ality.
ities.

into

rmal

human heal

th risk assessments (for example, of old industrial sites) are chronic.

In the event of an incidental discovery of contamination during excavation, potential effects on, for

example, hu

man health and safety, should be identified, measured and monitored, and assessed

The toxic action of a substance can be divided into acute effects and chronic effects:

— acute health effects are quickly seen, usually after exposures to fairly high levels or concentrations
of potentially harmful substances (such exposures often cause severe symptoms in animals or
humans which develop rapidly);

chronic (long-lasting) health effects usually develop more slowly and can be the result of either a
short-term exposure or due to a long and continuous exposure to low concentrations of a potentially

© ISO 2019 - All rights reserved
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harmful substance which in some cases (e.g. cadmium) accumulates in the body over time until a
harmful concentration is reached.

NOTE1 Careis required when using the terms “short-term” and “long-term” and “acute” and “chronic” and to
be clear whether an “exposure” or “effect” is being described. For example, in terms of occupational exposure,
some conventions ascribe “short-term” to only a few minutes exposure, whereas “long-term” might assume
exposure lasting up to about 8 h (i.e. a working day). The adverse effect being guarded against, might be “acute”,
i.e. manifest immediately or shortly after exposure, or might only become manifest in the longer term. For
example, a single exposure to asbestos might be the cause of cancer 30 or 40 years later. In contrast, short-term
exposure might result in a chronic (long-lasting) effect that first becomes manifest shortly after exposure.

Acute risks and chronic risks should always be considered and appropriate risk assessments carried
out (fhese are often required by regulations relating to occupational health and safety, etc.].

Chropic risks are generally considered using health risk assessment based on lpng:term exposure
(betyeen one year and life-time). Models can be used to predict exposure and can'incorporate case-
specific and realistic assumptions. The expected effects are either localised or-systemic. These effects
can pe carcinogenic, teratogenic or thresholded, depending on the toxicological propdrties of the
substance.

NOTH 2  Duration of exposure is not taken into account in risk calculations for substances wjth threshold
effects, see Reference [61]. For a substance of concern due to its toxicity fie. with threshold effecfs) but which
does hot accumulate in the body, the length of exposure is irrelevant incclassical model equations.

A risk assessment comprises the following elements:

— Iazard identification,
ose-response assessment,
— ¢xposure assessment, and
— based on the above, risk characterization-

Risk|and exposure assessments are ustially performed on the basis of one or more defingd scenarios,
see Reference [60], e.g. to establish, general criteria related to the scenario, or on the basi$ of the data
assog¢iated with a specific site.

An gxposure assessment ig thé process wherein the intensity, frequency, and duratiop of human
exposure to a substance are estimated. It comprises:

— gource identification'and characterization,
— identification.ef'exposure pathways,

— identification of relevant receptors groups with relevant exposure scenarios, and

— Ibaséd on the above, the exposure assessment itself.

The development of a conceptual site model (CSMJ can be used to identily exposure pathways
relevant to the assessment of a site and hence the type of soil characterization to be carried out. In
this context, a (potentially) contaminated site is an area defined, for example, by property boundaries
and contaminated by past or present human activities. It might be an area of natural, near natural or
agricultural land or an artisanal or industrial site. In many countries, contaminated sites are registered
publicly as a consequence of specific legislation.

The CSM first relies on an inventory of sources, transfer pathways and receptors (current or
future). In the context of potentially contaminated sites, this CSM in turn leads to the formulation of
contamination-related hypotheses that the investigation at the site examines through the collection of
relevant information. The term “contaminant linkage” is used to describe a particular combination of
contaminant source, exposure pathway, and receptor. It is site-specific and it facilitates the decision-
making process relating to a potentially contaminated site. It is used to develop appropriate sampling

© IS0 2019 - All rights reserved 7
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strategies that enable the sound characterization of soils and others exposure media and hence the risk

assessment.

The guidance in ISO 213651 should be followed when developing a CSM.

NOTE3  Abuilding might be contaminated due to the industrial activities performed in it. This contamination
is independent of any exposure due to contaminated soil beneath or around the building.

5.2 Potential human receptors

Potential human receptors include:

— current occupants and users: residential population (adults and children),

— current

their ac

business population: persons exposed due to the localization of their jobs and notd
Livity (adults),

— workers: persons exposed because of their activity (adults),

— planned occupants and users: future residential population (adults and children;

— planned business population (adults),

— planned workers (adults),

— visitors

to a site (casual, with or without permission, trespassers,€tc:), and

— occupants and users of neighbouring land (nearby communityy).

Workers pofentially exposed because of their activity could belengaged in:

— site cledrance,

— remedidtion works,

— installa

Fion of services,

— construlction,

— maintenance OfSEI'ViCCS,

— maintenance of landscaped areas, or

— farming and horticulturakpractices, etc.

5.3 Expo

sure pathways

5.3.1 Genleral

Human exp

pbsure from soil contamination can occur through different media. Table 1 highlight

lue to

5 the

possible I'EIdtIOl’lSl’llpS between the diiferent medla and the assocClated uses which cause exposure.

1) Under preparation. Stage at the time of publication: ISO/FDIS 21365:2019.

8
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Table 1 — Examples of uses within a specific medium that are susceptible to expose human

populations.

Media

Exposure pathway

Examples of activities/uses

soil ingestion
indoor and outdoor dust
inhalation vegetable gardens
indoor and outdoor dust/soil livestock farming
surface soil ingestion
residential garden
cutaneous contact
hunting
, vegetable ingestion
Soil & &
animal products ingestion
dust/soil ingestion vegetable gardens
dust/aerosol inhalation livestock farming
Subsurface soil cutaneous contact residential garden
vegetable ingestion
vapour inhalation
dust/soil ingestion extraction/quarrying
(resources)
dust/aerosol inhdlation
Deep soil construction elements and
vapour inhalation structures being us¢d or
to be kept following|the
cutaneoeus contact redevelopment of the site.
tap water uses
industrial water usgs
farming uses
ingestion
fish farming
aerosol inhalation
Water Surfacelwater shell-fish farming
vapour inhalation
angling and recreat{onal fishing
cutaneous contact
fish consumption
seafood consumptign
crop watering
tap water uses
ingestion
industrial water uses
aerosol inhalation
Groundwater wells
vapour inhalation
farming uses
cutaneous contact
crop watering
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Table 1 (continued)

Media Exposure pathway Examples of activities/uses
— vapour inhalation — residential building
— dustingestion — industrial building
Air Indoor
— dust/aerosol inhalation — commercial building

— tertiary services (office, school)

— vapour inhalation — residential garden
— dust/aerosol inhalation — outdoor area of induskrial,
Outdoor commercial building

— dust/ soil ingestion

— cutaneous contact

— ingestion — sediment exttrdction
Sediments [ | Suspended particles |— dust/aerosol inhalation — fishing

— cutaneous contact

— ingestion — _sediment extraction
Bottomed particles |— dust/aerosol inhalation —/fishing

— cutaneous contact

Direct routds of exposure to potentially harmful substances:in-soil are:

— soil inggstion (see 5.3.2);

— cutanedus (skin) contact, including entry through cuts and abrasions (see 5.3.3);

— inhalation and ingestion of fugitive dust;

— inhalation of harmful gases and vapours outdoors (see 5.3.5) and indoors (see 5.3.6).

Indirect exgosure through the food chajn comprises:

— consumption of plants including crops, wild plants and fungi (see 5.3.7);
— consu:E

tion of animalstand animal products (eggs, milk, meat), including wild animals (see 5|3.8).

Exposure td substancestirsoil can also occur when they are translocated into other media inclyding
surface and|groundwater.

NOTE1 Exposute-pathways associated with surface and groundwater are not included in this document.
These routeq also. include exposure due to showering, dish washing and other domestic uses of watef, the
ingestion of fish-and of piped water contaminated by soil (permeation phenomena) or groundwater surrounding
pipes. These routes can be very relevant to pathways in the overall exposure pattern. Groundwater and surface
water contamination is often related to soil contamination (see ISO 15175). The transfer of contaminants from
the soil to surface waters is highly site-specific and depends on run-off volume, peak flow rate, soil erodibility,
slope length and steepness, the sorption capacity of the soil, the type of vegetation cover, and the distance to
the receptor. In practice, surface water contamination is usually monitored by direct measurement. Exposure
by water ingestion or direct contact with water is possible if wells or catchments (groundwater), water sports
or fishing (superficial water) are identified. In this case, this exposure by water can be taken into account in the
wide-ranged human exposure assessment.

NOTE 2  Drinking water can be contaminated by permeation of chemicals into plastic pipes. This transfer
pathway is rarely considered. Indeed, this contamination is difficult to measure or to model. Consequently, use of
material which allows permeation of chemicals is commonly avoided.
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The actual exposure pathways will depend on the use of the site:

— Playgrounds and private (kitchen and ornamental) and public gardens can be considered to cause
the highest level of human exposure during use. This use could imply close (skin) contact with the
soil, the ingestion of soil, the ingestion of plants or fruit grown in the soil (and of soil with these
plants) as well as the inhalation of dust and vapours.

— Agricultural areas can cause exposure through the food chain, in particular ingestion of agricultural
produce can result in significant exposure for regular consumers. Produce (crops and livestock),
except for any consumed by the farmer and his family, is usually widely distributed to a large
populatlon (sometlmes after processmg) thus resultlng in 11ttle exposure of 1nd1v1duals However,

S 5 oeajly direct to

Meadows where livestock can be exposed to contaminated topsoil (indirect contamination).

— Parks can facilitate exposure to inhalation of dust and vapours, the contact of skin with soil/dust,
but to a lesser degree than gardens, and soil ingestion.

— $ports facilities mainly can facilitate exposure via the inhalation 0fsoil/dust, ingestion of soil and
dlust and the contact of skin with soil/dust.

— (onsolidated surfaces, such as parking lots, roads, etc., give'rise to exposure via the inhalation of
rapours and from the accumulation of fine dust.

— Buildings (homes, schools, kindergartens, offices; industry and shops) can facilitafe exposure
ria vapours and soil/dust carried into them possibly causing inhalation and/or inge§tion and/or
¢utaneous contact.

— Industrial and commercial sites can comprise consolidated and unconsolidated areas, park-like
greas, and buildings. The information needed to evaluate human exposure in these types of area
are listed above.

The actual exposure time can differ between similar site uses due to differences in climate and real site
use patterns (e.g. number of days per week the site is in use).

An oyerview of relevant expgsure pathways for each site use is given in Annex A. The CSM illustrates all
the pertinent exposures pathways.

In the following clauses; the characterization of soils with respect to the different exposufe pathways
is described. The uptake patterns and thus the importance of the different exposure pathways vary
depeinding on the'properties of the substances and soils in question.

5.3.2 Soikingestion

Soil Inigestion by children occurs through the ingestion of dust, sucking dirty fingers and eating soil.
A distinction should be made between Inadvertent and accidental intake and deliberate long-term
persistent behaviour (pica behaviour). In general, pica behaviour should be regarded as a special case,
not necessarily relevant for the actual assessment in question.

NOTE Some young children go through a short period of exploratory soil ingestion.

Adults mainly ingest soil as dust, for example, in connection with gardening, and as soil on non-cleaned
vegetables and fruits. When characterizing a specific site, actual behaviour should be taken into
account.

Indoor settled dust ingestion can be a significant exposure pathway in some contaminated site
configurations (e.g. house built on former mining residue deposit).

The hypothesis of total absorption of the substance in the digestive tract is often made but total
absorption does not always take place. The actual bioaccessibility and bioavailability can be assessed.
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These parameters are used to evaluate the amount of a substance that can reach the bloodstream
(see 8.2.1). The potential for absorption of a given substance can vary with soil particle size, thereby

illustrating

the relevance of information on particle size distribution.

5.3.3 Cutaneous contact

Contact between the skin and contaminated soil can be caused by dust reaching the skin through
atmospheric deposition, and by playing or by working with the soil. It should be noted that there is a
distinction between skin contact in the home and contact during work, since the latter is usually subject
to “health and safety at work” regulations.

Skin contac
irritation, c
more lipopH
consensus 1
exposure by

The concent]
the highest
of average (
exposure.

Water soluh
important W

5.3.4

The real im
activity on t
exposure. T
difficult to d

Calculations
concentrati
the highest
concentrati

NOTE T
concentratio

5.3.5

Assessment
concentrati
I1SO 184.00-7

}

Inhalation of dust

|

Inhalation of vapours (outdoors)

can cause both systemic effects ([damage to organs) and local effect (rashes, hypersensif
rrosion) depending on the substance. This route is therefore potentially important fg
ilic compounds (substances which easily cross the skin barrier). However, internat
ecognizes the difficulties of quantifying the effects of cutaneous exposure and.the ley
the cutaneous route.

ration of a substance usually varies with particle size, the smallest particles often conta
concentrations. Only the finest fractions are likely to adhere to thé.skin and thus th
oncentrations in calculations of cutaneous exposure can result‘in“an underestimati

rhen considering possible localised effects.

bortance of dust inhalation (and digestion) asvan exposure pathway is associated wit
he site (e.g. gardening and farming). Climati¢’¢onditions and vegetation cover also infly
his exposure pathway is often coupled.with the dust ingestion route. It is indeed
ifferentiate between substances that aré swallowed and those which are inhaled.

pertaining to the uptake of dust'may be based on general models for dust in air
n of a substance usually varies with particle size, the smallest particles often conta
concentrations. This should\be taken into account if only measurements of the avg
ns are available or otherwise the actual exposure could be underestimated.

e respirable fraction éf dust in air is usually considered to be that below 30 um and thus it
1 of a substance of coridern in this fraction that is important to the exposure assessment.

of the inhalation of vapours should primarily be based on measurements of soil and so
ns. Seil gas measurement can be performed by passive or active sampling method$
04)~fthis is not possible or otherwise not relevant (e.g. in the case of planned activities

ivity,
r the
jonal
el of

ning
b use
bn of

le substances such as phenol will tend to be concentrated in the soil moisture. This is

h the
ence
very

The
ning
brage

s the

| gas

(see
that

would alter

the’distance between the contaminated zone and the receptors, for example by insta

lling

venting systems) calculations of air fluxes from the contaminated soil volume to the surface can be
performed. The relevant soil parameters for these calculations are (together with information on the

depth of the

concent

organic

12

vadose zone and variations therein):

ration;

porosity;
water content;

bulk density;

carbon fraction.
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5.3.6 Inhalation of vapours (indoors)

The inhalation of vapours indoors can be assessed on the same basis as outdoor vapours taking into
account information relevant to the estimation of diffusion and advective (crack) transport through the
floor construction. For current buildings located on a soil contaminated by volatile compounds, indoor
concentration measurements should be performed together with simultaneous soil gas measurements.

If possible, modelling values should be corroborated by measurements in integrated media such as soil
gas (comparisons with measurements are required to evaluate the limitations of the models).

If measurements cannot be performed, and in the case of planned buildings, models can be used to

pred

ict indoor concentrations from soil gas concentrations. These maodels inteorate t
5 5

e transport

proc

A lai

compounds:

q
q

psses of volatile compounds from the soil to the surface (diffusion and convection),

ge number of parameters are required to build the model and to assess eXxposur

ite specific parameters (temperature differences, water filled porosity, 6f)soil, dry bu
oil, pressure differences between the contaminated area in the soil-and the receptor

q

1

5.3.7

Subs
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amoynt of plant matter consumed-and also on how the plant matter is treated before ¢

(was

The

subs
plan{
fruit

Care
spec
site {
site.

lhuman exposure values).

hysico-chemical parameters of relevant substances (partition*coefficients: octano
rganic carbon/water, Henry's constant, vapour pressure);

rawl space, ventilation, heating system);

eceptor parameters: human physical characteristics and human behaviour (time sp|

Intake via plants

tances can be captured and accumulated by plants via uptake by roots and plants
hminated by deposition on leaves;and fruits, etc. Human exposure will depend on t

hing, peeling, cooking, packaging, etc.).

uantity of substances c¢aptured by plants depends on the physico-chemical characte]
Fance, the characteristics of the soil, the type of plant (including the variety/cultivar of
type), and climate.‘Concentrations will tend to vary between plant parts, e.g. roots, sf
5, etc.).

should betaken when using general models for the assessment of plant uptake (see
fic caselThe results of experimental studies on accumulation by plants from actua
hould. be used when available, preferably obtained in conditions similar to those of
Chere'are International Standards (see Table B.2) for methods for assessing soil/plant

b to volatile

k density of
indoor area

ue to wind, changes in atmospheric pressure, organic carbon partitien coefficient/water);

/water and

uilding parameters (for example size, characteristics_of the slab, dimensions of unlder croft or

ent indoors,

can also be
he type and
onsumption

istics of the
a particular
ems, leaves,

below) in a
soil on the
he assessed
interactions

using

b weak extractants.

Assimilation of substances by plants can be modelled. In this case, the results of specific experimental
studies allow estimation of the bioconcentration factor (BCF), i.e. the ratio of the concentration in the
plant to the concentration in the soil. The BCF depends on the type of soil and its physico-chemical
properties and varies between plant types and between varieties/cultivars within a plant type
(species).

Default BCF values from databases can be used, especially for metals or for persistent organic
substances. However, as the BCF depends on site parameters, such default values should be used with
caution.

“Good practices” for sampling, packaging and analysis can help to reduce error and to have
representative values.
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The relationship between the contamination of soil and the plants (grown in it) should be made,
although the concentrations of substances in soil and in plants cannot be connected (bioaccumulation
parameters). This could be due to various factors affecting soil-plant relationships including, by
example, physical and chemical properties of soils and plant type, age and parts. It is important to take
into account total exposure via plant uptake along with local conditions and the influence of possible.

Uptake of metals or organic compounds [polycyclic aromatic hydrocarbons (PAH), polychlorinated
biphenyls (PCB) and dioxins] can be evaluated using parameters such as (pseudo) total concentration,
clay content, organic carbon content, cation exchange capacity (CEC), distribution coefficients and pH.
Plant uptake can also (at least for some metals) be estimated via extraction tests utilising diluted, non-
complexing or organic complexing salts or diluted acids (refer to Clauses 6 and 7).

The import3 h the

vegetation 4

ince of the different parameters mentioned varies not only with the soil, but also wit
nd individual species and varieties of plants.

NOTE1 Sd
with the anall

me plants naturally produce aromatic hydrocarbon substances. These substanees’can intgrfere

ytical results.
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neral guidance on safety during'sampling is provided in ISO 18400-103.
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nd the~potential receptors that might be at risk. It is important to determine whe
hind ‘which matrices should be sampled. Table 1 can be used to identify the media

Sampled in Urder tn talka infn Account r];fFovnnf nypncﬂ

Pring
tion.
f the
vel of
htion
nd in

DS or
riate

htion
htion
re to
0 be

ranathwauc
Ty ety o

1
ottt o T Tt oTaTrT o rer e o posur o g

For the purposes of this document, site characterization can thus be defined as the source identification
and characterization component of the exposure assessment.

Investigations should be thorough enough to locate, quantify and characterize contamination. They
should be both lateral (sample area) and vertical (sample depth) to evaluate the degree and extent of
contamination. Sampling standards should be considered to obtain a detailed description of the relevant
types of site investigation, sampling, and assessment. In particular, the guidance in ISO 18400-104 on
investigation and sampling strategies in general and that in ISO 18400-203 on potentially contaminated
sites should be followed.

NOTE When accidents occur (e.g. accidental discharge of chemical products), priority is usually given to
removing the spilled products and managing the potential receptors (environmental and human), with site
characterization as the second step of management.
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For practical and economic reasons, the investigation of contaminated sites cannot include sampling
and analysis for all substances. A phased approach is usually the best way of providing the required
data in the most cost-effective and efficient manner. At the initial stage of the assessment, the (types of)
substances likely to be found - and their pattern(s) of distribution in the soil - can often be identified
by characterizing the possible sources of contamination of the site. This is typically a part of what is
often called a historical survey of the activities carried out on the site. At this stage, it could be relevant
to also include the characterization of the general exposure pattern in the area under consideration
(e.g. old waste disposal sites, proximity to industrial activities) as well as the identification and
characterization of possible former activities on the site that could have led to specific contaminations
(e.g. gasoline stations, specific industries). It could be relevant to identify different sources (substances
and location) for the different exposure pathways. Such preliminary investigations should be carried
out in accordance with ISO 18400-202.

The aim of the detailed site investigation is to define the extent and level of contamination and to assess
the gxposures associated with the identified hazards and receptors, as identified. it the CSM. It is of
major importance to the assessment of human exposure that the extent (congentrations and physical
extent) of contamination in all relevant media is determined in the site investigation.

A number of general site characteristics are necessary to assess possible_éxposure patterps. Relevant
charjicteristics of the site that can be determined are listed in Table 2.

Table 2 — Parameters useful for site description

Parameters Description ISO Standard
Landform and topography |topography, landform, land element;-position, slope, micro-to- 1sb 25177
pography
Land use and vegetation |land use, human influence, vegetation, buildings, etc. 1SO 19144-2
Geolpgy origin of parent material(€ffective soil depth ISO 25177,
1S0[14688-1,
ISP 14689
Surface characteristics rock outcrops,.codrse surface fragments, wind and water ero-
) : S ISP 25177
sion, surfacesealing, surface cracks, other characteristics
Hydrology surface water balance, rainfall, evapotranspiration, surface
runoff,groundwater recharge, presence and depth of water
tablejmoisture conditions
Metgorological conditions |wind speed, predominant wind direction, temperature
Soil fype/ soil horizon soil type with respect to the classification system used, se-
description quence and depth of diagnostic horizons, soil colour (matrix,
mottling), organic matter, texture, coarse elements, pedofea-
: L . ISP 25177,
tures, carbonates, field-pH, structure, fracturing, inhomogeni-
: ; . ; 1S0/ 14688-1
ties, presence of non-soil material, compactness, total estimat-
ed porosity, geochemistry, roots, worm channels, biological
activity
Hydrogeology number of aquifers, depth, flow direction, flow variation

6.2 Soil ingestion

The amount of soil and hence the amount of potentially harmful substances ingested given a particular
concentration in the soil depend primarily on activities/uses identified in the CSM (children playing
with and on the soil, gardening, etc.).

Depending on the activity/use the most appropriate layers/depths for sampling will vary: e.g. topsoil
(first few centimetres) for children playing or deeper soil directly linked to ploughed depth for
gardening.

It should be noted that in gardens, parks and playgrounds occasional activities can bring soil from
deeper layers to the surface. For instance, planting and replacing trees and bushes can involve digging
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holes, and some of the soil from the bottom of the hole can be brought to the surface. Earthworms and
other soil fauna can also transport soil from deeper layers to the surface.

The soil texture should be taken into account. Soil particle size influences ingestion: the smaller
particles sizes stick on the fingers of children and can therefore be ingested, contrary to large size
particles.

The characteristics of substances, such as volatility, water solubility and soil sorption, should also
be considered as these influence the distribution of substances in soil, e.g. in the topsoil. The natural
background concentration of metals and metalloids should also be considered when interpreting the
results.

The choice |of sampling method, e.g. spot samples, cluster samples, should be made following the
guidance in|ISO 18400-104. Systematic regular sampling in which spot or cluster samples are taken is
usually preferable although composite sampling can sometimes be used to assess surface spil qyality
with regard|to soil ingestion exposure pathway.

6.3 Vapoupr and dust inhalation

6.3.1 Inhalation of vapour

The quality|of groundwater and deep soil can alter air quality inside budldings located above and to a
lesser extent, the outdoor areas.

Based on cufrent measurements and conservative model calculations, impacts from vapours in outdoor
air seldom ojccur unless the substances are very close to the surface and present in gas or easily relgased
phases. Indpor impacts due to the vaporization of volatilecsubstances (organic or inorganic su¢h as
mercury) can occur if the concentration in the source medium (groundwater or soil) is sufficient.

Soil assessments to characterize vapours should be carried out at relevant depths and on relevant layers
of soil. Mode¢lling can help to target the relevant points of exposure. The assessor should pay attention
to the depth and location of the samples. It depends on the aim of the assessment: characterizatipn of
historical cqntamination linked to a former activity or characterization to assess future or currenf use.

Two other factors need to be taken into.aceount because of their potential impacts on measuremenjt and
results. They are:

— climatidq factors (for example Wweather conditions, humidity, temperature, ventilation), and

— other emission sources@ear points of measurement that might disturb the results (for example
fuel tank).

Particular vigilance/is\required to prevent the loss of substances during sampling, transport and
analysis (fo more-details, see for example ISO 18512, ISO 15009 and ISO 22155).

In case of|vapour contamination from groundwater or soil, results can be overestimated or
underestlm tad ]r\w mr\(‘n"lnn’ Tl‘\o nn')]lfv and roliahility r\F fl‘\o rncn]fc nF a3 cn]r\cfanr‘n tran port

reecr TToT ooty oo T ooty EA- T3 =A- 2~ oo

modelling study w111 depend on the data that have been used to develop the CSM and to construct and
refine the mathematical model. If the data are inadequate the model results will be unreliable. The data
used should be site-specific and characterize the site and area being modelled (ISO 21365). Even in this
case, the results remain uncertain. Uncertainties can be reduced by measuring soil gas concentrations
in addition to performing measurements on soil and groundwater.

6.3.2 Inhalation of dust

Dust transport is mainly relevant in areas where the soil is stripped of plant cover for certain periods
(e.g. gardens, cultivated agricultural land, and former mining sites) and in areas of intense activity (e.g.
gardens, parks and sports facilities). Dust originally comes from the top layers of the soil and mainly
consists of the finer fractions.
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A separate analysis of the finer soil fraction (the fraction less than 30 um diameter is usually considered
respirable) could be relevant if dust inhalation is considered as a relevant exposure pathway.

Alternatively and preferably, direct measurements of suspended particles should be made so as to take
into account field conditions. Sensors or samplers can be installed on the site or in its vicinity. Sensors
allow the quantification of suspended particles in ambient air. Samplers allow the quantification of
suspended particles in air and determination of their chemical composition (see ISO 7708 which refers
to particle size fraction definitions for health-related sampling).

Weather conditions (for example, rainfall, winds) should be taken into account. Suspended particulate
matters measurements require a simultaneous on-site weather monitoring. Attention should be paid
e—dhttratt chotee—of-meastrementpertod—to-haverestitsrepresentativepf exposure

condjitions.

6.4 | Cutaneous contact

Cutapheous contact with contaminated soil could be caused by dust reaehing the skin through
atmdspheric deposition, by playing or by working with the soil.

Dust|involved in dermal contact can be determined by several techniquées: wet wipes and/of swabs on a
surfdce (usually 1 m2) or vacuuming to collect dust in a bag. Both are-used in indoor dust defermination.
For dutside dust, measurements are carried out by using gauges orlsamplers depending on exposure time.

Dernpal contact with outdoor dust can also be assessed. In this/case, topsoil is sampled and [the relevant
depth indicated in the CSM.

6.5 | Intake of substances via plants

Garden and agricultural plants generally have a.root depth of less than 30 cm; they can however reach
60 cin but rarely exceed 160 cm. Trees can haveroots reaching down several metres although they take
up the majority of nutrients from the first 40-cm in the temperate zone. For trees, the volunpe of roots is
relatpd to the volume of branches. The.grientation of the roots (horizontal or vertical) degends on the
type|of tree.

Gardeen cultivation and agriculture (hoeing, digging and ploughing) usually affect soil at dlepths up to
30 cin and very rarely reach greater depths except with subsoiling which can reach 60 cm.

The pmounts of substanCes taken up and accumulated by plants depends on the physico-chemical
characteristics of the stibstance, the type of soil (including soil characteristics), the type of plant, and
even|climate. It shouldbe noted that plants are contaminated by surface adherence to roots|root uptake
and dleposition on’leaves. Intake by humans also depends on how a plant is treated before donsumption
(washing, peelinig, cooking, packaging, etc.). Sampling of plants should be carried out|taking into
accoyunt parameters such as botany and how the plants are prepared for consumption by persons to
ensufe therepresentativeness of the exposure.

NOTE ¥D Uptake by plants differs not only between species but between races, varieties or culfivars within
species.

NOTE 2  Concentrations in plants will usually vary between roots, stems, leaves, fruits, etc.

6.6 Intake of substances via the consumption of animal products

As mentioned in 5.3.8, intake of potentially harmful substances by animals is mainly due to direct
ingestion of soil from the surface layer or drinking water. The consumption of fodder comprising plants
which have taken up and accumulated PHSs, or which have soil adhering to them, can also contribute to
overall exposure via ingestion.
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Soil sampling should be related to food chain assessment: for example, top soil in barnyards for eggs
and poultry meat consumption; top soil in pastures for animal fodder, milk, and meat.

NOTE It might also be desirable to sample water used to feed animals or for irrigation because this might be
contaminated if it comes from local streams or ponds, for example, rather than a public water supply.

Direct sampling of animal products (milk, eggs and meat) should be given priority over trying to model
uptake and accumulation given the uncertainties inherent in such modelling.

Physicochemical behaviour of substances should be taken into account. For example, bioaccumulation
in eggs is a very significant pathway for some substances.

6.7 Synthesis for site sampling in relation with human exposure
Table 3 summarizes the link between site uses, exposure pathways and soil depth for sampling.

The sampling depths suggested Table 3 relate to the site in its present condition. I®is’important to
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at when the use of a site is being changed, e.g. an old industrial site is to hé-used for hou
1 activities can result in soil from much greater depths being broughtto the surface. [j
hstance, sampling depths should be decided on following the guidance as approprig
04, 1SO 18400-203 and ISO 18400-205.

nt to recognise that the site under investigation might be the result of past redevelop
inated site. Thus, the easily accessible surface soils could overlay contaminated soils
be a potential for upward movement of contaminants.due to moisture movement,

decay, and activity of burrowing animals including*#worms. A preliminary investigati
with ISO 18400-202 and subsequent development'of a conceptual site model in accord
B65 should lead to identification of when such issues might need to be taken into accoy

Table 3 — Link between uses, exposure pathway and sampling depth
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Use

Exposuré-pathway

Example of depth of sampling

Private gardens (ornamental)

Inhalation-of dust (outdoor)

Topsoil (first centimetres)

Ingestion of soil and dust

Topsoil (first centimetres)

Cutaneous contact

Topsoil (first centimetres)

Private gardens (kitchen),
agricultural fzones

[ngestion of contaminated
vegetables

Plant root zone (root depth) depends
type of vegetables

on

Ingestion of soil and dust Ploughed depth soil?
Dust inhalation Ploughed depth soil?
Cutaneous contact Ploughed depth soil?

Playgroundg, parks, sport facilities

Inhalation of dust

Topsoil (first centimetres)

Inhalation of vapour

Source depth

Ingestion of soil and dust

Topsoil (first centimetres)

Cutaneous contact

Topsoil (first centimetres)

Consolidated surfaces

Inhalation of vapour

Source depth

Industry (including consolidated
and unconsolidated areas, park-like
areas, and buildings)

Inhalation of dust

Topsoil (first centimetres)

Inhalation of vapour

Source depth

Ingestion of soil

Topsoil (first centimetres) (depending on

soil availability)

Farming

Food consumption

Plant root zone (root depth) depends on

type of vegetables

Poultry farming

Food consumption (eggs)

Topsoil (first centimetres)

a2 Ploughed depth usually is about 30 cm, but it can vary, depending on what plants are being cultivated.
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7 Characterization of soil as a matrix hosting physical, chemical and biological
processes

7.1

Relevant soil processes and parameters

Soil is a mixture of three phases: liquid and gas present in a solid matrix. Soil characteristics depend
on the original rock or geological deposit from which the soil comes, and on other parameters such
as the organisms living in and on it, and climatological factors. With time, they modify the original
material, giving distinct horizons within the profile. This modification results in a wide variety of soils
with different physical and chemical characteristics. Even within one soil type, large variations can
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On some contaminated sites the liquid phase might comprise both water and a non-aque|
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of inhalation and ingestion. The binding of substances can change with time, due to

il, information regarding the total content of each substance in the soil might ther
Cient. For some substances, the evaluation of human exposure ¢an be based on conten
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e soil complex on human health. It shouldalso be kept in mind that synergistic or antag
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following paragraphs focus on_soil characteristics affecting the sorption and m

sure. The choice of relevant*parameters depends on the purpose of the characteriz
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The potential processes involved in the fate and transport of the substances in the soil depend on the

type
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of soil and the type of substance, and include:

sorption/desorption;

binding;

dispersion;

solubilisation;

diffusion, including intraparticle diffusion;

complexation;
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volatilization;

precipitation/dissolution;

chemical transformation;

photo-degradation;

uptake by plants and other organisms;

biological transformations including microbial, soil, animal and plant metabolisms.

Fate and traprsportamatystsdoes ot mormatly-inchudeatttheabove processesbut shouldatteastirlude
the key progesses. In Tables 4 and 5 a number of parameters governing the above-mentioned prooesses
and the overall transport processes are listed and linked to the potentially relevant exposuré pathway.
Table 4| — Physical parameters of matrix of soil relevant for different exposure)pathway
Soil paranLeter Soil Dermal | Inhalation | Inhalation | Inhalation | Intake via | Intake|via
ingestion | contact of dust | of vapours | of vapours plants animgls
(outdoors) | (indoors)

Particle dengity X X X X X X X

Particle size

distribution X X X % X X

Sand content X X X X

Clay content X X X X

Silt content X X X X

Air permeabjlity X X

Bulk densityj X X X X

Depth of vadose X X

zone

Dry matter dontent X X X X X X

Organic matfer X X X X X X

content

Porosity X X X

Temperatur¢ X X

Water conteft X X X X X X

NOTE 1 Tabl¢ 4 is intended te,be/indicative rather than exhaustive.

NOTE 2 The jjeal impacts.vary between the different substances. Inhalation of vapours usually refers to organic substjnces

for all practicgl purpose€s,

Table 5 —Chemical parameters of matrix of soil relevant for different exposure pathways
Substance Soil Dermal | Inhalation | Inhalation | Inhalation | Intake via | Intake via
content ingestion contact of dust | of vapours | of vapours plants animals
(outdoors) | (indoors)

Carbonate X X X

content

CEC X X

Ex_changeable X X

acidity

Orga_mc carbon X X X X X

fraction

NOTE Table 5 is intended to be indicative rather than exhaustive.

a  Various partitioning coefficients can be relevant, see 8.2.5.
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Table 5 (continued)
Substance Soil Dermal | Inhalation | Inhalation | Inhalation | Intake via | Intake via
content ingestion contact of dust | of vapours | of vapours plants animals
(outdoors) | (indoors)
pH X X
Redox potential X X
Partitioning
coefficient? X X X X
Soil oxygen X X
NOTEF—Tabie 5 Tsimtendedto be imaicative Tather tham exiaustive.
a  Various partitioning coefficients can be relevant, see 8.2.5.
7.2 | Measurement/analysis of soil characteristics
7.2.1 Physical characteristics of soils
A number of physical soil parameters are relevant to the assessment?f human exposure caused by
contamination in soil. Several physical characteristics are listed below together with comments on
their] relevance in exposure assessments. The choice of parameters should be based on [preliminary
knowledge of the site’s geology, pedology and substances thattight be present.
— Particle density: Particle density depends on the elemeénts composing soil (for example, minerals,

©IS

rganic matter). Particle density together with porosity and water content define the
dnd are thus relevant in connection with the estimation of phase partitioning in the so

Particle size distribution: Particle size distgibution is the distribution of soil mineral
felation to particle diameters. Four fractiens are commonly distinguished: clay, silt, s

bulk density
1.

particles in
and, gravel/

gtones. The particle size distribution determines the soil texture and also the surface area of a

joil, the finest fraction having the latgest specific surface (area per unit mass). The §

influences the actual sorption ofsubstances onto the soil. It should be noted that the
0,002 mm, usually defined as clay, can contain other materials which are not clay min

OTE1 There are a varietyof particle size classification systems. It is therefore important|
hen using terms such as {clay”, "silt", "sand", etc. ISO 18400-104 uses the classification in ISO

OTE2 SO 14688=1-establishes the basic principles for the identification and classificati
he basis of those matefial and mass characteristics most commonly used for soils for engineer
SO 14688-1 is applicable to natural soils in situ, similar man-made materials in situ and soils rg

an. Named pakticle groups are defined in Table 6.

and: Particles with a diameter between 0,063 mm and 0,2 mm (for fine sand) and
mmyfor medium to coarse sand, usually consisting of quartz but can also contain f
eldspar, mica and occasionally heavy minerals.

urface area
particle size
erals.

to be careful
14688-1.

n of soils on
ng purposes.
deposited by

0,2 mm and
ragments of

Clay: Clay particles (<0,002 mm) affect the reactive properties of soil due to their large specific
surface (for sorption) and (electrical) properties. Depending on the type of clay mineral, the charge
can be positive, negative or neutral.

Silt: It has an intermediate particle size between sand and clay (0,002 mm to 0,063 mm).

Air permeability: Air permeability in soil is a function of porosity, grain size and water content. Air
permeability influences the exposure pathway for the inhalation of vapours.

Bulk density: The bulk density is directly related to porosity, water content, grain density and the
proportion of solid particles. It is relevant for estimating phase partitioning in soil.

Dry matter content: Dry matter content is the proportion of the total mass of soil taken up by soil
particles compared to the total mass of the sample. Chemical analysis often relates the amount of a
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substance to the dry matter content, so knowing this parameter is necessary to correctly estimate
the partitioning of a substance in the soil.

Organic matter content: Organic matter content influences biotransformation processes, especially
for organic compounds that are difficult to biodegrade and which primarily degrade under co-
metabolic processes. It also influences the sorption of substances and thus their availability.

Porosity: Porosity is the volume of pore space in the total volume of soil. The pore space is usually
occupied by air and water (or sometimes other permanent gases such as methane and carbon
dioxide, and non-aqueous liquids).

Temperature: Soil temperature can affect the volatility of organic r‘nmpmmdc present and also the

possible biotransformation processes in the soil.

Water dontent: The proportion of pore space occupied by water influences the binding ang the
diffusion of substances in the soil matrix. Water content is usually measured in terms.0f the mass of
water in relation to the total mass of the wet sample.

Physical chdracteristics for which International Standards are available are listedin Table B.1.[Note

that some pfoperties can only be measured in situ and some on laboratory samples.

Table 6 — Defined particle size ranges from ISO 18400-104 (based on ISO 14688-1)

Name Size Name Size
mm mm
Large bgulder >630 Coarse sand 0,63 -2,0
Boulqier 200 -630 Medium sand 0,2-0,63
CoblLle 63 -200 Fine sand 0,063-10,2
Coarse gravel 20-63 Coarse silt 0,02-0,063
Medium [gravel 6,3-20 Medium silt 0,006 3 - 0,07
Fine gravel 2,0-6,3 Fine silt 0,002 -0,006B

7.2.2 Chemical characteristics of soil

A number of basic chemical parameéters influence the soil processes that affect how substances bghave

in soil, e.g. sprption, precipitation and complexation. Some are described below.

22

Carbonate content: Free Carbonates such as calcite, aragonite and dolomite, greatly affect soil physical
and chemical properties! Many chemical methods exist to quantify carbonate content in soil.

Cation ¢xchangecapacity (CEC): CEC describes the capacity of the soil to bind positively chqrged
substances anddis thus especially important for the evaluation of metal sorption and thus availability,
e.g. for plant'dptake. CEC essentially reflects the amount and character of the soil organic matter
and clay particles.

Exchangeable acidity: In soil, acidity is the number of positive ions [hydrogen ions (H*), aluminium
ions (AI*3), aluminium mono AI(OH)*2 and di-hydroxide ions AI(OH),*1]. Because they have a
positive electrical charge these ions participate in cation exchange reactions, and they are called
exchangeable acids because they cause soil acidity. Exchangeable acidity is therefore the number of
meq/100 g of soil which consist of these ions.

Organic carbon fraction: Organic matter in soil is present as humic substances (predominantly
aromatic polymers with high molecular weight and acidic properties). These molecules can bind
organic substances as well as some inorganic elements/substances. Binding can be covalent (strong)
or electrostatic (weaker). Due to the properties described, organic matter in soil also contributes to
its CEC and pH. The organic carbon fraction is typically measured as total organic carbon (TOC).
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— pH: The acidity of the soil is expressed as the log10 of the hydrogen ion concentration. pH affects the
availability of charged ions and is thus relevant for assessing the availability of metals and ionisable
organic substances. For most elements, solubility increases as the pH falls (i.e. as acidity increases)
but some elements are amphoteric (e.g. zinc) and can occur as both cations (positively charged ions)
and anions (negatively charged ions). The solubility of these elements (and hence availability to
plants) increases at both low (acid) and high (alkaline) pHs with an optimum pH at which solubility

i

s at a minimum.

Redox potential: The redox potential indicates the degree to which soil conditions are aerobic or

anoxic and thus determines the oxidation state of a compound in soil which also influences its
availability. Redox potential is of specific importance for the precipitation of certain metal-ions in
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ccurs if carbon dioxide and/or methane is permeating upwards from underlying strata (e.g. from

r the degradation of organic substances. Lack of oxygen in the upper soil layers coy
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nical characteristics that it might be desirable to measure and for-which Internationg
are listed in Annex B.

Analytical strategy

Characterization of contamination

Lances likely to be present are linked to the past use of the site. A list of possible subst
fferent types of industrial activity is given:ifZISO 18400-202:2018, Annex A. It is stres
hinimum list and the assessor should consider the actual situation. An assessment sho
rase-by-case basis.

Fent matrixes (soil, gases, water):

e any laboratory analysis,» samples should be subjected to pre-treatment (e.g. s
ppriately dried for substance type) compatible with the methods of analysis to b
buidance on the pretfeatment of samples in the laboratory provided in ISO 11464 an
|[d normally be followed. Some methods for extraction or analysis include their own r¢
rding the pre-treatment of samples, and they should always be followed unless ther

ts.
Guidance on the pretreatment of samples in the field is provided in ISO 18400-201.
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direct human exposure, methods for their detection are not included in this document.

8.2

Characterization of contamination in relation to exposures

8.2.1 General

1ection with

Lists of potential contaminants and methods for their identification and quantification relevant for
different types of exposure pathways are given in Annex B. Certain parameters require measurement in
almost all situations: others only require measurements for certain intended uses of the soil. However,
judgement should be made on a case-by-case basis. Inorganic substances and organic substances are
listed in Annex B. The range of organic substances that could be present is very wide, thus, only a few
are listed in Annex B; essentially those for which International Standards exist or are in preparation.
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8.2.2 Metals and metalloids

Metals and metalloids can be contaminants or be present naturally. In both situations, the risk depends
on the concentrations and intrinsic danger of the substance.

To evaluate availability for direct uptake (i.e. ingestion or inhalation), plant uptake or leaching, for
example, it could be necessary to distinguish between the chemical availabilities of the substance in
question, such as solubility in strong acid, weak extractants, or water. Although the extractants are
different, it is often possible to use the same methods to analyse the extract.

Total concentration is the total of the element present in all chemical forms and irrespective of its
location in oi aterial includi that incorporated in silicate minerals- The determination of
these “true’| total concentrations requires using techniques such as X-ray fluorescence analySis
powerful sdlvent combination such as a mixture of hydrofluoric and perchloric acid. The use*of
solvent mixfure presents many practical problems and pseudo-total concentrations suffice for many
purposes in| environmental assessment. These are determined using a strong acid orceombinatipn of
acids, but they typically leave a small insoluble residue with some soil materials..Depending on the
element and the matrix these solvents typically yield 70 % to 90 % of the “true” total"‘concentratipn (it
can be lower for those elements which are present and predominately bound _to silicate or alumjnate
lattices). When comparisons are to be made with guideline values for specificZsoil uses, it is essgntial
to determine whether “pseudo-total” or “total” concentrations are required. Speciation of metal$ and
metalloids such as As or Cr oxidation states should be determined to asséss the effects of substandes in
case of expdsure.
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e apparent amount soluble depends on the sgil/water ratio employed in the tests. A det]
f soil leaching and extraction tests is provided in ISO 15175.

harmful substances including total’and partial extraction of the substances. Geng
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erefore, various extractionyand leaching methods can be used to assess the availabil
n soil.

available International Standards for measuring metals and metalloids in soil and
[ to different exttactants is given in Annex B.

eudo total coricentrations mean that the method used does not extract all of the component|
x. Theseanethods are used in many countries due to tradition and/or to ensure better healt
aboratery:

NOTE2 T}

lere are many di

fferent methods for obtaining water extracts based on batch processes, e.g. sh
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with a fixedl|a equen actions or column or a detailed d on of methods see
ISO 15175.
NOTE 3  There are various analytical methods for water specified in International Standards. However, it is

important to ensure that they work with the extracts obtained from a particular (contaminated) soil material.

8.2.3 Bioaccessibility and bioavailability

For health risk assessments, the bioavailability (see 3.3) value equal to 100 % is often used: i.e. it is
assumed all ingested substances are absorbed by the body and reach the bloodstream. However, this is
seldom true and in practice only a part of the substance is absorbed though the gastro intestinal tract
membrane while the other partis eliminated directly during digestion.

It is difficult to know/determine the actual bioavailability of a substance from a particular soil but it
is possible to get a measure of the bioaccessibility (see 3.2), i.e. the fraction that is liberated from a
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soil in (human) gastrointestinal juices and thus available for absorption. It has been shown that for
certain elements (arsenic, cadmium and lead) bioavailability can be correlated with bioaccessibility
as measured for example using the method in ISO 17924. Studies have also been carried out using a
generally similar method for at least certain PAHs and certain other elements.

Thus, use of bioavailability allows a more realistic estimate of exposure through the ingestion route,

thus

improving the estimation of risk levels enabling more proportionate actions.

8.2.4 Organic contaminants

The range of organic substances that might be present is very wide. The groups of organic contaminants
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International Standards relating to analyses of organic compounds in soil are listed in Annex B.

NOTE

For the water-soluble part of organic components a variety of methods can be used to

obtain water

extracts based on batch processes, e.g. shaking with a fixed amount of water, sequential extractions or columns.
For details see ISO 15175.
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8.2.5 Soil/substance related parameters

Relevant substance parameters are listed below, it is not practical to determine these on a site-specific
basis. References should be made to authoritative sources (a useful listing related to petroleum
hydrocarbons is provided in ISO 11504).

— Organic carbon partition coefficient, K, .: The organic carbon partition coefficient, K, is used to
describe the binding of an organic substance to the organic carbon fraction in the soil.

— Soil/water partition coefficient, Kj,: The soil/water partition coefficient describes the ratio between
the amount of a substance present in solution in the soil water and the amount of substance sorbed
to the seqil p::rh'r]pc

— n-Octarjol/Water Partition Coefficient, K, : itis defined as the ratio of the concentration ofachémical
in n-octanol and water at equilibrium at a specified temperature. It is a relative indicator df the
tendendy of an organic compound to adsorb to soil and to predict the distribution ofia’substar]ce in
various|environmental compartments (water, soil, air, biota).

— Henry’s| constant, H: Henry’s constant describes the ratio between the amount of a compgnent
present|in the soil air and the amount present in the soil water.

— Biocondentration factors (BCF) for plants: Plant/soil concentration factors vary depending oh the
specific| plant species, the substance, the climatic factors, the soil&ype and the plant compdnent
investigated, e.g. roots or leaves, and age.

— Vapour pressure: The pressure exerted by a vapour in a confined space. Vapour pressure controls
the volatility of a chemical from soil.

— Degradjtion rate: The degradation rate of a specific.compound in the soil is also related tp the
specific| soil conditions, e.g. water content and soilcoXygen content. Some compounds might|only
be degitaded under aerobic conditions, while others might only be degraded under anaefobic
conditigns. Degradation can be biological, chemical, and/or physical. The degradation rqte is
generally expressed as DTs, and/or DTg,i:e. the time needed for 50 % and 90 % degradation
respectjvely, see ISO 11266.

9 Management of results

In the case ¢f contaminated soil, ianagement depends on the situation:
— either the site is occupied-for residential or industrial use, or

— the sitelis a brownfield site, with a development plan.

Regarding the first\situation, the characterization of exposure media (e.g. topsoil, air, plants] can
involve dirgct measurements without the use of modelling. Then, the interpretation can be hased
on comparison with existing reference values such as national public management values or nagural
environme 3 i ismi i i i

L1 wdance on-how h miaght he done atala ded-1n 0 84.00-104

When measured concentrations are below or near reference values, the environment is considered
compatible with use. The soil management process can be stopped if contamination sources are dealt
with. Environmental monitoring could be required to verify evolution over time.

If media concentrations exceed these reference values, simple actions might be enough such as removing
concentrations from the contaminated area, covering contaminated soil or restricting access.

A health risk assessment can be carried out with specific exposure parameters. If these solutions are
insufficient, actions should be implemented so that the risk related to the exposure of persons and the
environment is acceptable.

Regarding the second situation, for a brownfield with a development plan, a specific and proportional
approach is required. The environmental assessment of soil, water and gas will facilitate site
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characterization and help identification of the best remediation treatment strategy. Site management
will ensure that all the contamination sources are dealt with.

A cost/benefit analysis can help in choosing the best specific technical solution. This solution can be
confirmed by feasibility and treatability tests. After the completion of remediation, residual health
risks should be assessed. This validates that remediation actions are sufficient and that the residual
concentrations are acceptable.

10 Data handling, evaluation and quality

A fai ge amount of uncertainty is associated with the characterization of soils because soil is
inherently heterogeneous, and the distribution of contaminants is also heterogeneous. This|uncertainty
also [concerns human exposure. The sufficiency of the data to be used shall be evaluated before any

quantity;

— 3Jnalytical/testing quality.

Before investigation of the site is started it is essential to:
— dlefine the objectives of the investigation;

— ¢stablish a sampling strategy in terms of types of sample to be obtained, sampling lofcations, and
lhow samples are to be handled in accordance with.these objectives;

— ¢stablish an analytical and testing strategy that takes into account the guidance proyided in this
gnd other relevant International Standards;

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

It is ¢ssential to have sufficient data/The confidence that can be attached to any judgements made, for
exanpple, through comparison with the requirements of a published standard (the requirenents in such
stanglards regarding sampling shall always be followed) or a site-specific risk assessment, is equivalent
to the confidence placed in the.representativeness of the data.

Care| shall be taken in.(deciding what statistical expression(s) of the data is to be psed in the
charjicterization, as this’could affect the choice of sampling procedures.

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

— getting farmal analytical data quality objectives (e.g. for accuracy, reproducibility);

nterhational Standard methods are not available, those published by national standajrdization or

— uising'\standard analytical and testing methods such as those listed in this docume;rt, or where
equivatentbodies;

— using accredited laboratories that apply standardised methods;
— using laboratories that take part in relevant proficiency testing schemes;
— the commissioning agent employing its own quality assurance procedures.

To analyse the results, uncertainties shall be considered at each step of the method. Reflection is essential
to understand the uncertainties and their impact on the results. Various types of uncertainty can be
identified: “epistemic uncertainties” due to a lack of knowledge and “aleatory uncertainties” related
to temporal and spatial variability. The approach used to manage these two kinds of uncertainties
is different and should be clearly explained. This uncertainty assessment is a tool used to place the
conclusions in perspective. Often, the reports presenting the results of assessments are scrutinised by
regulators and other interested parties, including the general public. It is important, therefore, that
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such reports are of a high technical standard and also take account of a wide and often non-technical
readership. Use should therefore be made of tabular summaries, graphics and other means to present
the data in ways that will make the data as easy as possible to understand and assess.
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Exposure-site uses and respective ways of exposure are listed in Table A.1.

Annex A

(informative)

ISO 15800:2019(E)

Exposure pathways depending on the site use

Table A.1 — Exposure pathways connected with site uses

Exposure Inhalation Cutaneous Ingestioph
site use contact
Dust Vapours Soil/Dust Crops
Kindergartens < < < < <
(maiply children)
Domilestic vegetable
gardens X X X X X
(adul]ts and children)
Agrifultural areas
X X X X X

(adults and children)
Orngmental gardens < . < <
(adults and children)
Parkis < . < <
(adults and children)
Sports facilities < X < )
(maiply adults)
Indufstrial/commercial
areap, non sealed X X (x) (%)
(maiply adults)
Indufstrial/commercial
areap, sealed ®) X (x)
(maiply adults)
Building, indoor climate ®) . )
(adults and children)
NOTT A parenthesi§around the x indicates that this exposure pathway is of less importance or not always r¢levant for the
specific site use.

nhalation and ingestion of dust in indoor areas is related to soil tracked into the buildings by footwear
NOTE L~ 'Inhalati d ingesti fdustinind isrelated il ked i he buildingf by fi
and toatesserdegree soited tiothes:
NOTE 2  Ingestion of crops in kindergartens and, for example, play grounds in parks is related to for example

growing of crops for educational purposes or the like in such areas, which is not uncommon.
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