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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

Characterizations of soils and sites relative to human exposure are performed all over the world. They are
often planned and conducted by consultancy companies and expert organizations. Data from these
characterizations are used in the assessment of human exposure. These characterizations are, furthermore,
used for decision-making by companies, individuals and local and national authorities as well as for

reco

The

The

expo

The
level

expo
conc
the s

mmendations and regulations issued by national and international autharities

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

¢lassification of contaminated sites;

lecommendations regarding remediation of sites, soils and soil materials, e.gxpriority of remq

decisions regarding the future/planned use of contaminated sites;

decisions regarding the disposal/treatment/reuse of contaminated orremediated soil and/or S
dlata needed for evaluations of human exposure are to some’ extent dependent on the way
sure is assessed, i.e. calculations may be based on scenatios each requiring different data.

pxtent of investigations necessary for the assessment’of human exposure may vary depe
of contamination and the areal use in question. In\some cases the assessment of potential |
sure may be based solely on information .regarding the substances present in the s
pntrations and the relevant soil parameters. In\other cases more detailed information on the
Libstance will be necessary. This informatién will depend on the type and concentration of th

the r¢levant soil parameters and the type of.exposure relevant for the areal use in question. Furt

diation;

oil material.

in which the

nding on the
uman health
bil and their
availability of
e substance,
hermore, the

sampling method and strategies may depend on the areal use and the possible exposure patterng.

Due [to the large expenditure necessary for both private landowners and public funds set aside for the
remediation of contaminated land\and the general movement of capital and industry/business forporations,
International Standards on the characterization of contaminated soil, especially with regard to human health,
are in great demand.

International Standards-in this complex field will support the creation of a common scientific pasis for the
exchange of data, dévelopment of knowledge and sound commercial evaluation.

© 1SO 2003 - All rights reserved
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INTERNATIONAL STANDARD ISO 15800:2003(E)

Soil quality — Characterization of soil with respect to human

exposure

1 cope

This Jnternational Standard gives guidelines on the kind and extent of soil characterization,necgssary for the

evalyation of human exposure to substances that can cause adverse effects.

The possibilities of standardizing the calculations used for the assessment ef'human expof
inclugled in this International Standard.

The ipformation needed for evaluation of human exposure to contaminants leached from soil to su

ure are not

rface and/or

groupdwater or transferred by runoff is not included in this International Standard. Aspecfs related to
radiopctivity and pathogens in soil and potential human exposur€. hereto are also not included in this

International Standard.

2 ormative references
The [ollowing referenced documents are indispensable for the application of this document
refergnces, only the edition cited applies. For-undated references, the latest edition of the
document (including any amendments) applies.

ISO 10381-1, Soil quality — Sampling —"Part 1: Guidance on the design of sampling programmeg

. For dated
referenced

ISO 10381-5, Soil quality — Sampling ~— Part 5: Guidance on investigation of soil contamination|of urban and

indugtrial sites
ISO 11074 (all parts), Soil quality — Vocabulary

ISO 15175, Soil quality—~~ Characterization of soil related to groundwater protection

3 Terms and definitions

For the/purposes of this International Standard, the terms and definitions given in ISO 11074 (all parts),

ISO 11259:1998 and the following apply.

31
bioavailability

degree to which substances present in a soil matrix may be absorbed or metabolized in the human body

NOTE In this context the definition refers to availability in the human body.

3.2
biodegradation
breakdown of a substance or chemical by living organisms, usually bacteria

© 1SO 2003 - All rights reserved
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3.3

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

cf. pollutant
NOTE

3.4
data quality

(3.10)

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

objectives

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

and other da

a

NOTE G
embrace an ¢
guidelines or {
3.5
exposure

™

mount of data required for an area of land (or part of a site) to enable sound comparisoh |with g
tandards or for a site-specific or material-specific estimation of risk.

reception of @ dose of a substance

3.6

exposure agsessment

process of e
source

3.7

stablishing whether, and how much, exposure will occur between a receptor and a contami

exposure p
course a su
NOTE E

3.8

groundwatey

any water, e
or other bod
stands, flowg

3.9
hazard
inherently da

3.10
pollutant
those substa
soil functiong

thway
tance takes from a source to a receptor

ch exposure pathway links a source to a recepter.

Kcept capillary water, beneath the land surface or beneath the bed of any stream, lake res
y of surface water, whateverumay be the geological formation or structure in which such
, percolates or otherwise moves

ngerous quality.-efa substance, procedure or event

or’soil use

bneric data quality objectives can sometimes be set at national level. Data quality objectives-canf also

Bneric

hated

Brvoir
vater

nces which due to their properties, amount or concentration cause impacts on (i.e. harm t¢) the

[ISO 11074-1:1996]

3.1
receptor

potentially exposed person

3.12
risk

combination of the probability of occurrence of harm and the severity of that harm

[ISO/IEC Guide 51:1999]
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3.13
risk analysis
use of available information to identify hazard and to estimate the risk

3.14
risk assessment
process of risk analysis and risk characterization

3.15
risk characterization
evaluation and conclusion based on the hazard identification and the exposure and effect assessment

3.16
site
defingd area, in this context often contaminated by human activities

3.17
site ¢haracterization
collegtion of data providing appropriate information for exposure assessment

3.18
soil
uppef layer of the Earth's crust composed of mineral particles, organic 'matter, water, air and orgapisms

[ISO[11074-1:1996]

3.19
soil function
functfon of soil which is significant to man and the environment

[ISO[11074-4:1998]

3.20
sourge
soil gr soil component from which a substance or hazardous agent is released for potential human exposure

3.21
subsoil
matefial underlying the topsoil and overlying the solid (parent) rock beneath

NOTE All or much ofthe original rock structure has usually been obliterated by pedogenic processes.

3.22
surfgce water
lakes, ponds, impounding reservoirs, springs, flowing (streaming) waters, estuaries, wetlands, inlets, canals,
oceaps within the relevant territorial limits, and all other bodies of water, natural or artificial, inland or coastal,
fresh|or-salt

3.23

topsoil

upper part of a natural soil which is generally dark-coloured and has a higher content of organic substances
and nutrient when compared to the subsoil below

[ISO 11074-4:1998]
3.24
trace element

element in low concentration in soil material

NOTE A trace element can be essential at low concentration but harmful at higher concentration.

© 1SO 2003 - All rights reserved 3
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4 Characterization of soil and sites with respect to human exposure

4.1 Introduction

Characterizations of soils and sites with respect to human exposure are usually performed as a part of a risk
assessment.

In this context, a contaminated site is an area defined e.g. by property boundaries and contaminated by past
or present human activities. In many countries, contaminated sites are registered publicly as a consequence
of specific legislation.

A risk assesgment comprises the following elements:
— a hazard identification;

— adose-response assessment;

— an exposure assessment;

— and, baged on the above, a risk characterization.
Risk and exposure assessments are usually performed on the basis of one af,more defined scenarios, g.g. in
order to obtdin general criteria related to the scenario, or on the basis of‘the  data connected with a sgecific
site.

This Internatjonal Standard includes the element exposure assessment in relation to human exposure.

An exposure{assessment is the process by which the intensity, frequency and duration of human expostire to
a contaminant are estimated, and it comprises:

— source iflentification and characterization,

— identificgtion of exposure routes,
— identificgtion of relevant receptors/target groups,
— and basgd on this: the actual expesure assessment.

Exposure assessments can be carried out in order to assess either the total exposure of a given redeptor
group (e.g. fthe population at _risk) or the additional exposure from a given source or activity. I this
International [Standard, only4he-additional risk from soil contamination is addressed.

For the assepsment of-pessible effects on human health, an analysis of the exposure routes is a prerequisite.
For this purpose, thevactual and planned use of the site may be included in the assessment, as thig may
define which expdsure routes are of relevance. If a new use is planned, a renewed assessment shall be

carried out. Average-, worst- or reasonable-case exposure can be evaluated, and depending on the pufpose
of the exposlre-assessment, the data needs can differ for these situations

If receptors are not directly exposed to a contaminant, exposure assessment needs to consider the various
ways by which indirect exposure might occur, and its significance. A contaminant can also undergo
transformations through biological, chemical or physical means that might affect its toxicity, availability and
mobility. The risk depends on both the concentration of a contaminant and the route of exposure (skin contact,
inhalation, ingestion, etc.). For this reason, analysis of the changes that the contaminant undergoes as a
result of these transformations and phase transfer processes prior to exposure is an important part of
exposure assessment.

Characterization of soil and sites with respect to exposure routes and quantification of the actual exposure is

described in 4.2. Characterization of soil and sites with respect to source identification and characterization is
described in 5.3, where reference to other relevant International Standards is also made.

4 © ISO 2003 — All rights reserved
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Exposure routes

General

Human exposure from soil contamination may occur through different media.

The

Airbo

Expo

Expo
route

and

these

Tran
peak
cove
meas

The

following routes of exposure directly from the soil exist:
soil ingestion;

dermal contact.

e exposure due o volatilization COmprises
inhalation and ingestion of fugitive dust,
glevation of outdoor concentrations,
intrusion of vapours in buildings.

sure through the food chain comprises
¢onsumption of plants, including crops and cultivated plants, wild plants and fungi,
¢onsumption of animals and animal products, including wild animals.

sure routes connected to surface and groundwater are notincluded in this International Sta

5 also include exposure due to showering, dishwashing ‘and other domestic use of water, ing
f piped water polluted by contaminated soil or groundwater surrounding the pipe. It should
routes can be very relevant pathways in the overalkexposure pattern.

q

sfer of contaminants from soil to surface waters is highly site-specific and depends on ru
flowrate, soil erodability, slope length and, steepness, sorption capacity of the soil, type

, and distance to receiving body. In_practice, surface water pollution is usually monitor|
urement. With regard to exposure in.gonnection with groundwater, ISO 15175 shall be folloy

actual exposure routes depend on the site use.

Playgrounds and private gardens (kitchen and ornamental) can be considered to cause
degree of human exposufe,during use. This use may imply close (skin) contact to the soll
goil, ingestion of plantsTgrown in the soil (and of soil on these plants) as well as inhalatior
apours.

Agricultural zonés) €an be the principal exposure route through the food chain. The size of
eans that, eéxcept when the farmer and his/her family consume part of production, crog
distributed-to” a large population. On the other hand, if the soil is the only source of conta
¢onsumption of goods produced in the contaminated area represents only a very small
¢onsumed by the population (through dilution with other product sources);

ndard. These
estion of fish
be noted that

n-off volume,
bf vegetation
ed via direct
ed.

the highest
ingestion of
of dust and

these areas
s are widely
mination, the
pbart of those

ark ed in X ing human o _inhalation @
soil/dust and, to a lesser degree than gardens, ingestion of soil;

AAd

contact with

Sports facilities mainly give rise to exposure via inhalation of soil/dust and skin contact with soil/dust;

Consolidated surfaces such as parking lots, roads, etc. give rise to exposure via inhalation of
from accumulation of fine dust;

Buildings (homes, schools, kindergartens, offices, industry and shops) give rise to exposure
soil carried into the buildings may cause inhalation and/or ingestion of dust.

vapours and

via vapours;

Industry can comprise consolidated and unconsolidated areas, park-like areas and buildings. The

information needed for evaluation of human exposure in these types of areas have been liste

© 1SO 2003 - All rights reserved
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The actual exposure time can differ between similar site uses, due to differences in climate and actual site use
patterns (e.g. number of days per week the site is in use).

An overview of relevant exposure routes for each site use is given in Annex A (informative).

In the following, the characterization of soils with respect to the different exposure routes is described. The
uptake patterns and thus the importance of the different exposure routes will vary depending on the properties

of the contaminants in question.

4.2.2 Soili

ngestion

Soil ingestiofi by children happens through ingestion of dust, sucking of dirty fingers and by acfual eat

soil. Distincti
behaviour (P
relevant for t
NOTE Sq
Adults mainl

and fruit. In
account.

To assess s
with strong ¢
absorption of
that this hypd
used for the
potential for
particle-size

NOTE (P
method utilize

4.2.3 Derm

Skin contact
by playing on

bn should be made between inadvertent and accidental intake and deliberate long-term pers
ica behaviour). In general Pica behaviour should be regarded as a special case, notneces
ne actual assessment.

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

y ingest soil as dust, e.g. in connection with gardening, and as soil on‘non-cleaned veget

xtractants [this content is known as (pseudo)total for metals]. In addition, the hypothesis o
the contaminant in the digestive track is often made. A few*animal experiments carried out
thesis is not always relevant, at least for metals. Methods (employing slightly weaker extrac
description of uptake of metals from toys have alsecbeen used for this type of assessment
absorption of a given contaminant can vary with the soil particle size, and informatig
distribution may be relevant.

seudo)total concentration is defined by thesactual method of analysis, including the specific extr
1, see 5.5.

al contact

with contaminated soil could be caused by dust reaching the skin through atmospheric depo
by working with the soil. (It should be noted that there is a distinction between skin contact i

ng of
stent
sarily

Ables

the case of the characterization of a specific site, the actual behaviour should be taken into

il ingestion, the contaminant content usually taken into account'is that resulting from extraction

total
show
ants)
. The
n on

Action

sition,
N e.g.

a private hofne and workplace contact, since the latter is usually regulated by health and safety at work. It

should be ng

For an asse
each substa
have reache
contaminanty
absorbed th

ted that work-related-matters are not covered by this International Standard.
ssment of thisyroute of exposure, the information needed is the (pseudo)total concentrati
1 this surface, the parameters determining the bioavailability may be useful. In evaluation ¢

ough \the skin and substances potentially causing other effects, such as rashes from h

on of

nce in the seils For calculations of the efficiency of uptake through skin, once the soil pafticles

f soil

in cofinection with skin contact, distinction should be made between contaminants that can be

yper-

sensitivity.

424

Inhalation of dust

The actual importance of dust inhalation (and digestion) as an exposure route is connected to the actual site
use [e.g. motorcycle scrambling and soccer fields are site uses where dust inhalation (and digestion) can play
a major role]. Climatic conditions and vegetation cover also influence the actual exposure.

Calculations pertaining to uptake via dust can be based on general models for dust in air. For a detailed
assessment of the uptake of contaminants from inhaled dust, the parameters determining the bioavailability
can be useful. The concentration level usually varies with particle size, the smallest particles usually
containing the highest concentrations and having the longest exposure times. This should be taken into
account if only measurements of the average concentrations are available.

© ISO 2003 — All rights reserved
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4.2.5 Inhalation of vapours (outdoors)

Assessment of the inhalation of vapours should primarily be based on measurements of soil air concentrations,
preferably by passive sampling methods. If this is not possible or otherwise not relevant (e.g. in the case of
planned activities that would alter the distance between the contaminated zone and the receptors, for example
by inserting venting systems), calculations of air flux from the contaminated soil volume to surface can be
performed. The relevant soil parameters for these calculations would be (together with information on the
depth of the vapour dose zone and variations therein):

— concentration;

— porosity;

— \ater content;

— bulk density;

— ¢rganic carbon fraction.

Releyant substance parameters such as water and organic carbon partitionsceefficients, Henry's ¢onstant, and
vapolr pressure should also be determined. Porosity and water contentare also relevant, together with soil
type for the characterization of soil air concentrations at depths less{han actually measured, and thus of the
soil contaminants' contribution to outdoor air concentrations.

4.2.6( Inhalation of vapours (indoors)

Inhal@tion of vapours indoors can be assessed on the $ame basis as outdoor vapours, plus data relevant for
the eptimation of diffusion and advective (crack) transport through the relevant floor construction). These data
may fnclude information on pressure differences between the contaminated area in the soil apd the target
indoqr area due to e.g. temperature differences, wind, changes in atmospheric pressure and the ventilation
pattefn of the building.

4.2.7| Intake via plants

The [amount of contaminants taken up and accumulated by plants depends on the physico-chemical
characteristics of the contaminanty/the type of soil (including soil characteristics), the type and paft of the plant
that is consumed, and even-climate. It should be noted that plants are contaminated by both rogt uptake and
depogition on the leaves/ete! Intake by humans also depends on how a plant is treated before [consumption
(washing, peeling, cooking, packaging, etc.). Care should be taken in using general madels for the
asseg$sment of plant uptake in a specific case. Results of experimental studies on accumulation by plants
should be used when available, if they have been obtained under conditions similar to those of the assessed
site.

It is important to be aware of the total exposure via plant uptake, taking local conditions into acqount and the
influgnee hereon of possible additional exposure caused by soil contamination.

For the assessment of the exposure of humans to organic compounds via plants, the relevant parameters
may include the following: organic carbon fraction, woc; content (fraction) of clay particles, wg)y; cation
exchange capacity of the soil, CEC; soil pH; soil bulk density; soil water content; organic carbon partition
coefficient, Koc; and redox potential.

Uptake of metals can be evaluated based on e.g. (pseudo)total concentration, clay content, organic carbon
content, CEC, distribution coefficients and pH. Plant uptake can also (at least for some metals) be estimated
via extraction tests utilizing dilute, non-complexing or organic complexing salts or diluted acids.

The importance of the different parameters mentioned varies not only with the soil, but also with the
vegetation and individual species and variety of plants.

© 1SO 2003 - All rights reserved 7
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4.2.8 Intake via animals

Intake by animals is usually mainly due to direct ingestion of soil from the surface layer or from soil adhering to
forage. To a lesser degree, it comes from consumption of fodder after plant uptake and accumulation. The
degree of accumulation of the contaminants by animals depends on the properties of the soil, the level of
contamination and other components of the diet.

5 Characterization of soil and sites

5.1 Relevant soil processes and parameters

During transport of contaminants in soil, the contaminants are affected by a number of physical .er_reactive
geochemicall and biological processes, which may attenuate, concentrate, immobilize, liberate( |degrafle or
otherwise transform the contaminants. Since these transformations affect both contaminant cofcentratiop and
the route of gxposure, information concerning the parameters governing these processes is-important f¢r the
exposure aspessment. It should be noted that the relative importance of the differentparameters fgr the
processes is|not yet fully understood.

The potential processes involved in fate and transport of the contaminants in the s6il depend on type ¢f soil
and the type [of contaminant, and include

— sorptionf/desorption,
— binding,
— dispersipn,

— solubilizption,

— diffusion, including intraparticle diffusion,
— complexation,

— precipitdtion/dissolution,

— evaporalion,

— chemicql transformation,

— photodepradation,

— uptake Ry plants.and other organisms,

— biologicdl transformations including microbial, soil animal and plant metabolism.

Fate and transport analysis does not normally include all the above processes, but should at least integrate
the key processes. In Table 1 and Table 2 a number of parameters governing the above-mentioned processes
and the overall transport processes to different degrees are listed and connected to the exposure route for
which they might be relevant.

8 © ISO 2003 — All rights reserved
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Table 1 — Matrix of soil properties relevant for different exposure routes

Inhalation

Inhalation

Soi Soil Dermal Inhalation Intake via Intake via

oil parameter . . of vapours | of vapours .
ingestion contact of dust (outdoors) (indoors) plants animals

Porosity xorg @ X X

Water content xorg X X X X

Bulk density X X X X

Particle size

distribution X X X X X X X

Orgahic carbon a

fractipn Xorg X X X X

Clay [content X X Xinorg xinorg ®

Stratffication X X

Depth of vapour

dose|zone X X

CEC X X

pH X X

Redqx potential X X

Temperature X X X

NOTE
all prdctical purposes.

This table gives examples and is not exhaustive.

The actual amounts of the different contaminants will vary. Inhalation of vapours usually refers to organic c

ntaminants, for

a

b

Or9: relevant only for organic contaminants.

INOrg: relevant only for inorganic contaminants.

Table 2 — Matrix of type of contaminant content relevant for different exposure rolites

Cgntaminant Soil Dermal Inhalation Inhalation Inhalation Intake via Intake via
content ingestion contact of dust of vapours | of vapours plants animals
(outdoors) | (indoors)
Totall (pseudo) X X X X X X X
Acid xtractable X X
Extrdctable in
orgaiic
extractants X X X
Extrdctable in
weal] extractants X X X
In small particles X X X X
In sojl air X X
In soil pore water X X
Partition
coefficient X X X X
Distribution
coefficient X
Plant/soil
concentration ratio X X
This table gives examples and is not exhaustive.
NOTE The concentration ratio (bioaccumulation factor) can vary substantially between the leaves and the roots of the plant, and
depends on the actual plant species.

© 1SO 2003 - All rights reserved
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5.2 Sampling

5.2.1 General

The strategies for sampling and analysis should be based on knowledge of actual or planned use of the
area/site, together with knowledge of the site history. For more details, ISO 10381-1 shall be considered.
Sampling depths relevant for human exposure depend on the exposure route in question, and should be
decided carefully based on the actual and/or planned uses for a site. The factors that may be considered for
each exposure route include those in 5.2.2 to 5.2.5.

5.2.2 Soil ingestion

Contaminant| concentrations relevant with respect to soil ingestion are primarily connected with. chlldren

playing in a
should be n
to the surfa
some of the

Earthworms

5.2.3

Dust transpart is mainly relevant in areas where the soil in periods is without plant cover (e.g. garden
cultivated adricultural land) or in areas with intense activity (e.g. gardens, parks and sports facilities).
originally comes from the very top layers of the soil, and probably<mainly consists of the finer fractio
separate analysis of the finer soil fraction may be relevant if dust transport and inhalation is conside

major expos
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Garden and
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Indoor impad

Inhalption and transport of dust
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d on the soil. Therefore samples should be taken from topsoil in particular. Nevertheld
ed that in gardens, parks and playgrounds occasional activities can bring soil from ‘deeper |
. For instance, planting and replacement of trees and bushes can imply digging of holes
oil from the bottom of the hole can, in this way, be brought to the surface.

nd other soil fauna may also transport soil from deeper layers to the surface.

re route.

ke by plants

gricultural plants generally have a root!depth of less than 30 cm, they can however reach 6
exceed 160 cm. Trees may have roots’reaching down several metres (they do, however, ta

ation and agriculture (hoeing,-digging and ploughing) usually affect soil at depths to 30 cn
ach greater depths (except,with subsoiling which can reach 60 cm).

tual measurements and conservative model calculations, impacts from vapours in outdo
[ unless theteontaminant is very close to the surface and consists of pollutants in free or nea

t dde to vaporization of the more volatile organic contaminants can arise if the soil concent

ss, it
byers
, and

5 and
Dust
ns. A
red a

0Ocm
ke up

h and

Dr air
r-free

ation

is sufficient g

ndthe contaminant is localized in the upper layers of the soil.

5.3 Site characterization

An exposure assessment of contaminated sites as well as soil in general depends on the data available about
the characteristics of the site, including contaminant sources, pathways and the potential receptors that may
be at risk. Site characterization can thus, for the purpose of this International Standard, be defined as the
source identification and characterization element of the exposure assessment.

For practical and economic reasons, 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 characterization of the possible
sources of contamination of the site. This is typically a part of what is often called a “historical survey” of the
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activities carried out in the site. At this stage it may be relevant to also include a characterization of the
general exposure pattern in the area under consideration (e.g. old waste disposal sites, proximity to
industries) as well as identification and characterization of possible former activities on the site that could lead
to specific contaminations (e.g. gasoline stations, specific industry). It may be relevant to identify different
sources (contaminants and location) for the different exposure routes.

The aim of the main site investigation is to define the extent and degree of contamination and to assess the
exposures associated with the identified hazards and receptors. It is of major importance to an assessment of
human exposure that the extent (concentrations and physical extent) of contamination in all relevant media is
determined in the site investigation. As is stated in connection with the soil characterization, an assessment of
the availability is just as important.

For @ detailed description of the relevant types of investigation, sampling and assessmept of a site,
ISO 10381-5 shall be considered.

A number of general site characteristics are necessary to assess the possible exposure pattgrn. Relevant
characteristics of the site that might be determined are listed in Table 3.

Table 3 — Parameters useful for site description

Parameters Description ISQ Standard
Landform and topography | topography, landform, land element, position;slepe, microtopography 130 11259
Land use and vegetation land use, human influence, vegetation, buildings, etc.

Geolpgy origin of parent material, effective soil’depth 130 11259
Surfgce characteristics rock outcrops, surface coarseftagments, wind and water erosion, q
: . I$O 11259
surface sealing, surface cracks, other characteristics
Hydrplogy surface water balance, rainfall, evapotranspiration, surface runoff,
groundwater recharge,.presence and depth of water table, moisture
conditions
Meteprological conditions wind speed, predeminant wind direction, temperature
Soil type/ Soil horizon soil type in.regard of the classification system used, sequence and
descfiption depth of ‘diagnostic horizons, soil colour (matrix, mottling), organic
mattef, texture, coarse elements, pedofeatures, carbonates, field-pH, d
. . o . . 1I$O 11259
stricture, fracturing, inhomogeneities, presence of non-soil material,
compactness, total estimated porosity, geochemistry, roots, worm
channels, biological activity
NOTE See also [1}-

5.4 | Characterization of soil

5.4.1| ,General

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 it 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 differing in physical and chemical
characteristics. Even within one soil type, large variations may occur within a short distance. On a
contaminated site, the soil may also contain ash, clinker, bricks, rubble, etc.

Substances present in soil can be bound to the soil matrix by sorptive and binding mechanisms, which can
affect availability with respect to uptake and/or metabolization by living organisms, e.g. in the case of
inhalation and ingestion. The binding of substances can change with time, due to alteration of the soil or to
alteration of the binding mechanism. For the quantification of human exposure to substances present in soil,
information regarding the total content of each substance in the soil may therefore not be sufficient. For some
substances (e.g. trace elements), the evaluation of human exposure could be based on contents measured by
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analytical techniques, resulting in data that are expected to be adequate for an evaluation of the (bio)available
portion of the substances in soil. Investigators may also take into account available knowledge on resorption
and metabolism of the substances in the organism, and the related differences between individuals and
population groups (e.g. children versus adults).

As the assessment of possible effects on human health is primarily based on information regarding single
substances found in the soil, the possibility of the occurrence of other substances (not investigated) should be
evaluated. This evaluation could be based on experience from other site investigations regarding the
simultaneous presence of several substances. In general there is a great need for the development of tests
that in a broader sense assess a complex soil contamination’s impact on human health. It should also be kept
in mind that synergistic or antagonistic-type interactions between substances can affect the actual impact of
an exposure

In the followiphg paragraphs, soil characteristics affecting the sorption and the movement of substances’in soils
and, conseqlently, their availability, in context with an assessment of human exposure, are mentioned} The
choice of rel¢vant parameters depends on the purpose of the characterization, e.g. a general-classification or
the charactefization of a specific site for a specific site use. Characterization of soil requires-the determination
of physical, [chemical and biological properties, but depending on the specific assessment, not al soil
parameters Will be relevant in all cases.

5.4.2 Physjcal characteristics of soils

A number of physical soil parameters are relevant in connection with the ‘assessment of human exppsure
caused by ¢ontamination in soil. Below a number of physical characteristics are listed, togethen with
comments on their relevance in exposure assessments. The actual choice of parameters should be bas¢d on
the prelimingry knowledge of site geology, pedology and contaminant'situation.

— Porosity: the volume of pore space in the total volume of‘soil. The pore space can be occupied by air
and wategr (or free chemical phase).

— Air permeability: In soil, this is a function of porosity, grain size and water content. Air permeability
influencgs the exposure route for inhalation of vapours.

— Bulk depsity: directly related to the porosity and relevant when estimating phase-partitioning in soil.

— Dry matter content: the amount of the'total volume (or mass) of soil taken up by soil particles. Chemical
analysis| often relates the amount(of ‘a substance to the dry matter content, so knowledge hergof is
important to correctly estimate thé partitioning of a substance in the soil.

— Particlefsize distribution: Four fractions should be distinguished: clay, silt, sand, gravel/stones| The
particle-gize distribution determines the soil texture and also the surface area of a soail, the finest fraction
having the largest specific surface. The surface area influences the actual sorption of substances onfo the
soil. It gdhould be neted that particles of size < 0,002 mm, usually defined as clay, may contain |other
materialg which afejynot clay minerals.

— Clay: Clay particles (< 0,002 mm) affect the reactive properties of soil due to their large surface (for
sorption) and‘the (electrical) properties of the surface. Depending on the type of clay mineral, the charge

may be yuo;t;vc, ||cyat;vc orfhettrat:

— Water content: the amount of pore space occupied by water. It influences the binding and the diffusion of
substances in the soil matrix.

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

— Temperature: Soil temperature may affect the volatility of organic compounds present and also the
possible biotransformation processes in the soil.

— Particle density: together with porosity and water content, defines the bulk density and thus relevant in
connection with the estimation of phase-partitioning in the soil.
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Physical characteristics for which International Standards are available are listed in Table 4. Note that some
properties can only be measured in situ and some on laboratory samples.

Table 4 — Physical parameters

5.4.3

The

chen
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activi
meta

The ¢
So k
poss
soil.

Parameter ISO Standard
Particle-size distribution ISO 11277
Water content ISO 10573

ISO 11461

ISO 11465
Dry matter content 1ISO 11465
Temperature ISO 11275
Pore-size distribution ISO 11259
Bulk density ISO 11272
Particle density ISO 11508

Biological characteristics of soil

5oil concentration of a contaminant at different depths in the 'soil will depend not only on
ical processes but also on the microbial influence on the degradable components. To be a
ctivity in both the present and the future situation, information on the microbial biomass and
ty in the soil in question is important. In addition”to microbes, soil animals, their be
bolism may alter chemical compounds present in the soil.

ontaminant concentration can, on the other hand, influence the conditions for the biota on g
nowledge of the specific contaminant and-concentration level is also relevant in order to
ble effect of the contamination on the ability of the biota to alter the chemical compounds

Some biological characteristics of soil‘for which International Standards exist are listed in Table §

are a
on th
plant
addit
uptak

so listed tests with the purpose of ecotoxicological characterization of the soil, since this mag
e intended site use, give appropriate indications of possible constraints on this use caused
5 or fauna that cannot_be-/directly interpreted from the chemical characterization. It may

e are not yet fully developed and verified.

Table 5 — Biological parameters for ecotoxicological characterization

physical and
ble to assess
the microbial
haviour and

specific site.
evaluate the
resent in the

. In the table
y, depending
by toxicity to
also provide

onal information on toxicity to humans caused by direct uptake, since tests for estimations ¢f this type of

Parameter ISO Standard
Micrebial activity, e.g.
Determination of soil microbial mass ISO 142401
SO 14240-2
Mineralization of organic substances under aerobic conditions ISO 14239
Nitrogen mineralization and the influence of substances hereon ISO 14238
Toxicity to plants, e.g.
Inhibition of root growth ISO 11269-1
Effects on emergence and growth of higher plants ISO 11269-2
Toxicity to macrofauna, e.g.
Acute toxicity to earthworms 2 ISO 11268-1
Effects on reproduction of earthworms 2 ISO 11268-2
Effects on earthworms 2 — field testing ISO 11268-3
Inhibition on reproduction of Collembela ISO 11267

a8  Fijsenia fetida.
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5.4.4 Chemical characteristics of soil

A number of basic chemical parameters influence the soil processes that alter the contaminant concentrations,
e.g. adsorption, precipitation and complexation. Some are described below.

— Organic carbon fraction: Organic matter in soil is present as humic substances (predominantly aromatic
polymers with high molecular mass and acidic properties). These molecules can bind organic
contaminants as well as trace elements. Bindings may be covalent (strong) or electrostatic (weaker). Due
to the described properties, the organic matter in soil also contributes to the CEC and pH of the sail.
Organic carbon fraction is typically measured as total organic carbon, TOC.

— Cation : rged
substanges and is especially important for the evaluation of metal sorption and thus the availability, e.g.
for planf uptake. The CEC essentially reflects the amount and character of the soil organic mattey and
clay parficles.

— pH: Thq acidity of the soil is, as for the CEC, a parameter reflecting several soil characteristics. Amnong
these arp the amount and character of organic matter, clay particles and lime. pH affects the availability of
positively charged substances and is thus relevant for the assessment of the _dvailability of metal$ and
ionizabl¢ organic substances.

— Redox potential: The redox potential indicates the degree to which soil’conditions are aerobic or ahoxic
and thug determines the oxidation state of a compound in soil also influencing the availability. The fedox
potential is of specific importance for the precipitation of certain_metal-ions in soil thus reducing| their
availabil|ty.

— Soil oxygen: The presence of oxygen in soil is important:for'the respiration of the soil organism$ and
thus for the degradation of a number of organic contaminants. Lack of oxygen in the upper-soil layerg can
be a sigh of the presence of contaminants.

— Soil gages: The soil gases naturally present in the-soil, e.g. soil oxygen, can, on a contaminated sife, be
supplemented or substituted by volatile (primarily-organic) components evaporating from contaminapts in
the subgoil. The presence of volatile components can affect plant life as well as microbial biomas$ and
can alsg give rise to the intrusion of volatile~eontaminants in buildings situated nearby.

Chemical characteristics that it might be desirable to measure and for which International Standards exist are
listed in Table 6.

Table 6 — Basic chemical parameters

Parameters ISO Standards

pH ISO 10390

Specific electrical conductivity ISO 11265

Cation exchange capacity (CEC) I§9 ]1'2_99
1S6-13536

Redox potential ISO 11271

Organic carbon ISO 10694 @

ISO 14235 (TOC) P

Carbonate content ISO 10693

Exchangeable acidity ISO 14254

@  After dry combustion.

b Total organic carbon.
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5.5 Characterization of contamination

5.5.1 General

Contaminants likely to be present are related to the past use of the site. A suggested list of contaminants
related to different types of industry is given in Annex B. It is stressed that this is a non-exhaustive list, and the
assessor shall consider the actual situation carefully.

Lists of potential contaminants and methods for their identification and quantification relevant for different
types of exposure routes are given in Table 7 and Table 8. Certain parameters require measurement in almost
all situations: others only require measurements for certain intended uses of the soil. A judgement shall,

howdver, be made on a case-by-case basis. Tnorganic substances are Tisted in Table 7. Organi
are lited in Table 8. The range of organic substances that can be present is very wide. Thus, -0
listed in Table 8, essentially those for which International Standards exist or are in preparation.

Befo
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e any laboratory analysis, samples shall be subjected to pre-treatment (e.g.’ground, s
priately dried for pollutant type) compatible with the methods of analysis to/be’employed.
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uld be noted that it is very difficult to obtain representative samples of soil materials for det
le organic compounds. Various studies have shown that almost all can be lost if samples ar
ctly. Consequently, concentrations of volatile organic compounds (VOCs) in soil gas a
mined directly on site. A variety of techniques are usedo\make measurements in situ or ob
pour for laboratory analysis (e.g. using adsorption tubes)."Reference is made to ISO 10381 (

bnts in the soil are often studied because of.their agronomic soil characteristics and
pically degrade organic substances. As they arg seldom of primary importance in connectic
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nly a few are

ub-sampled,
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tain samples
bl parts).
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humagn exposure, methods for their detection are not included in this International Standard.
5.5.2| Metals and metalloids
Metals and metalloids can be contaminants or natural trace elements that, at higher concentrations, can

beco

In or
distin
extra
analy

Total
the ¢
conc
solve

me hazardous.

er to evaluate the availability for e.g. direct uptake, plant uptake or leaching, it may be
guish between chemical availabilities of the substance in question, e.g. soluble in stron
ctants or water. Although the extractants may be different, it is often possible to use the sam
se the extract.

concentration’is the total of the element present in all chemical forms and irrespective of
oil material, including that incorporated into silicate minerals. Determination of thesq
pntrations requires use of an instrumental technique, such as X-ray fluorescence analysis,
nt_ cembination, such as a mixture of hydrofluoric and perchloric acid. The use of such sol

prese

nts) many practical problems, and for many purposes in environmental assessment,

hecessary to
) acid, weak
e methods to

ts location in

“true” total
br a powerful
ent mixtures
pseudo-total

concentrations suffice. 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
solvents typically yield 70 % to 90 % of the “true” total concentration (it can be lower for those elements which
are present predominately bound to silicate or aluminate lattices). When comparisons are to be made with
guideline values for the particular soil uses, it is essential to determine whether “pseudo-total” or “total”
concentrations are required.

Concentrations extractable with complexing agents, weak extractants such as salt solutions or with water can
be relevant for the assessment of different kinds of bioavailability, including plant uptake, or of exposure
routes related to the pore water concentration of the substance. As to water-extractable concentrations, 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.
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Guidance on available International Standards for measuring metals and metalloids in soil and their
applicability to different extractants is given in Table 7.

Table 7 — Metals and metalloids

Fraction Extraction ISO Standard Determination ISO Standard
method method
XRF @
“Total” HF + HCIO, ISO 14869-1 AAS ISO 11047 P
fusion ISO 14869-2 AAS ISO 11047 ®
p » aqua regia AAS ISO 11047 P
Pseudo tptal ISO 11466
HNO, AAS ISO 11047 b
Complexih EDTA AAS ISO 11047 >
plexing DTPA ISO 14870 AAS ISO 11047®
NaNO, AAS 1SO1047 °
NH,NO, AAS ISO 11047 °
Weak exfactant CaCl, AAS ISO 11047
KCl AAS ISO 11047 ®
c
Water sollible "}’:;i;ﬁ]’grf‘ecstfs AAS ISO 11047 b
a8  X-ray fluorescence.
b For c4dmium, chromium, cobalt, lead, manganese and zinc.
¢ Soluble at specified soil:water ratio using batch tests.

NOTE 1 Methods used to determine (pseudo)total concentrations, do not extract all of the component from th
matrix, however these methods are used in many countries due to(tradition and/or to ensure better health and safety

laboratory.

NOTE 2  THere are many different methods for obtaining-water extracts based on batch processes, e.g. shaking

fixed amount ¢f water, sequential extractions or columns.-For a detailed discussion of methods, see ISO 15175.

NOTE 3  THere is a variety of analytical methedsfor water specified in International Standards. However, it is img

to ensure thatjthey will work with the extracts.ebtained from a particular (contaminated) soil material.

5.5.3 Orgapic contaminants

The range

contaminant$ are some of-the more commonly encountered, but the list is not exhaustive. In addition t

groups of or

individual argmatic hydrecarbons, both volatile and polycyclic, specific solvents, specific chlorophenols.

bf organic substances that might be present is very wide. The listed groups of or

janic contamifants mentioned, it is often relevant to look for specific organic contaminants

e soil
in the

with a

ortant

ganic
o the

, €.9.
bome

of the potentjally refevant organic contaminants are mentioned in the list of possible contaminants related to
different typds ofcindustry in Annex B.

Organic cherrmi 75 i i i i -
takes two forms: determination of what is present (qualitative analysis) and 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
screening methods such as gas chromatography/mass spectrometry. It is also customary to employ analytical
methods that purport to give total concentrations of classes of compounds such as phenols, polycyclic
aromatic hydrocarbons (PAHs), total petroleum hydrocarbons (TPH) and chlorinated hydrocarbons. Care is
required in both the use and the interpretation of the results of such methods. Qualitative analysis is frequently
carried out prior to quantitative analysis. Class analysis frequently precedes analysis for a specific compound.

“Total” applied to organic compounds (e.g. phenols) usually means that an analytical technique has been

employed that cannot distinguish between similar compounds: for example in the case of the phenols,
between monohydric, dihydric or trihydric compounds (i.e. compounds with one, two or three hydroxyl groups

16 © IS0 2003 — All rights reserved


https://standardsiso.com/api/?name=545ec1532e4b199281b9dc723d22a5b9

ISO 15800:2003(E)

attached to the benzene ring). However, the term “total” can be misleading: not all phenols may be detected
by the method (e.g. there may be limitations in terms of molecular mass or the number and size of other

functi

onal groups present on the benzene ring) and different methods can give different results.

Many organic analyses involve extraction with an organic solvent. The solvent used and the conditions of the
extraction can influence the analytical results. For example, more volatile PAHs (generally those with lower
molecular masses) can be lost during a hot Soxhlet-style extraction, whereas a cold extraction can be less
effective in dissolving higher molecular mass PAHSs.

Analysis of soil for volatile organic compounds (e.g. benzene, chlorinated solvents) presents particular
analytlcal d|ff|cult|es Research suggests that even under ideal cond|t|ons of samplmg transport and sample

prepg
could
as sq
subs
and

It is
mate|
misle

Interr
NOTH

based
ISO 1

il vapour anaIyS|s, can give a more reliable |nd|cat|on of dlstrlbutlon and relative coneent
ance of concern. In addition, it should be noted that different laboratory methods.(e:g. pu
ead-space analysis) can give substantially different results.

important to recognize that organic compounds can be extracted fromhnaturally occu
rials (e.g. humus, decaying vegetation, peat, coal) and that non-specificanalyses can, th
ading results.

ational Standards relating to analyses of organic compounds in soil-are listed in Table 8.

For the water-soluble part of organic components, there arela variety of methods for obtaining
on batch processes, e.g. shaking with a fixed amount of water,'sequential extractions or columns. |
5175.

Table 8 — Organic’contaminants

rge-and-trap
ring organic

erefore, give

water extracts
For details see

Determination

Type of contaminant

method

ISO Standard

Mineral oil content

IR-spectrometry 2

GC b

ISO/TR 11046

Petroleum hydrocarbons

GC b

Purge-and trap,

Volatile organic-hydrocarbons GC b ISO 15009
Fsc;lr);c)yclic aromatic hydrocarbons HPLC d ISO 13877
Persistent herbicides ISO 11264
Organochlorine pesticides GC b ISO 10382
Chlorinated aliphates 1ISO 15009
Chlorobenzenes GC-FCD ¢ ISO 10382
Chlorophenols GC P ISO 14154
Polychlorinated biphenyls, PCBs GC P ISO 10382

@  Infrared spectrometry.

b Gas chromatography.

¢ Gas chromatography with electron-capture detector.

High performance liquid chromatography.
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5.5.4 Soillsubstance related parameters

A number of parameters relevant for exposure assessment are related to the specific component as well to
the soil in question. Description is given below of some of them. Toxicity of a contaminant to micro- and
macrofauna can be relevant in specific situations.

— Organic carbon partition coefficient, K : describes the binding of an organic substance to the organic
carbon fraction in the soil.

— Soil/water partition coefficient, Kp: describes the ratio between the amount of a substance present in
solution in the soil water and the amount of substance sorbed to the soil particles.

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

— Bioaccymulation factors for plants: plant/soil concentration factors vary depending~on the specific
plant species, the substance, climatic factors, the soil type and the plant componentinvestigated, e.g.
roots or Jeaves, and the age.

— DegradItion rate: for a specific compound in the soil, the rate is also refated to the specifi¢ soll
conditions, e.g. water content and soil oxygen content. Some compounds_can only be degraded linder
aerobic conditions, while others can only be degraded under anaerobic’ conditions. Degradation c}n be
biological, chemical, and/or physical. The degradation rate is generally'expressed as DTgj value gnd/or
DTgg value, i.e. the time needed for 50 % and 90 % degradation respectively, see ISO 11266.

6 Data handling, evaluation and quality

The purpose]| of characterizing soil (or other media) as suggested in this International Standard is usuglly to
enable risk gssessment with respect to human exposure=~These assessments may be made by refererjce to
published international or national standards that set aut physical, chemical or other criteria that shall bg met,
or against 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.

Because soil in itself is heterogeneous,(and the spread of contaminants is also heterogeneous, a fairly|large
uncertainty is connected with a chatacterization of soils also in relation to human exposure. Befor¢ any

judgement can be made about risk(to humans, the sufficiency of data to be used shall be evaluated. Theg data
shall be suffigient in terms of

— type,
— quantity| and

— analytical/testing quality.

This International Standard provides guidance on the types of data that might be required in an 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 needs to bear in mind the
disproportionate costs and time delays that can result if it is necessary to carry out an additional sampling
exercise, if, for example, a particular parameter is not determined when the opportunity is available.

Before investigation of the site is started, it is essential to
— define the objectives of the investigation,

— establish a sampling strategy in terms of types of samples to be obtained, sampling locations, and how
samples are to be handled in consistence with these objectives,
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