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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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INTERNATIONAL STANDARD ISO 15175:2018(E)

Soil quality — Characterization of contaminated soil
related to groundwater protection

1 Scope

This document provides guidance on the principles behind, and main methods for, the evaluation of

sites[soitsamd soit matertats i retation totheir Tote asa source of contamimation of groundwater and

their] function in retaining, releasing and transforming contaminants. It is focused on cgntaminated
land |management identifying and listing relevant monitoring strategies, methods-for sampling, soil
processes and analytical methods.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and-definitions apply.
ISO dnd IEC maintain terminological databases for use ih standardization at the following gddresses:
— ISO Online browsing platform: available at https://www.iso.or

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

31
aquifer
geolggical water-bearing formation (bed or stratum) of permeable rock, or unconsolidated material
(e.g. sand and gravels) capable of yielding significant quantities of water

[SOURCE: ISO 5667-11:2009,3.5]

3.2
contpminant
substance or agentpnesent in the soil (3.10) as a result of human activity

Note [l to entrysSee pollutant (3.7).

Note 2 to entry: There is no assumption in this definition that harm results from the presence of the fontaminant.

[SOUREE: ISO 11074:2015, 3.4.6, modified — a new Note 1 to entry has been added and theg subsequent
note has been renumbered.]

3.3

dissolved organic carbon

DOC

concentration of organic carbon remaining in solution after filtration and/or centrifugation under
defined conditions

Note 1 to entry: Dissolved organic carbon is expressed in mg/1, g/m3.

© ISO 2018 - All rights reserved 1
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groundwater
water in the saturated zone of an underground geological formation or artificial deposit such as made

ground, e.g.
[SOURCE: IS

3.5
water table

fill material

05667-11:2009, 3.9, modified — “and/or unsaturated zone” has been removed.]

upper boundary surface of the groundwater (3.4)

011074:2015 3 2 4]

[SOURCE: I

3.6
percolating
infiltrating Y

[SOURCE: IS

3.7
pollutant
substance o
or concentry

[SOURCE: IS

3.8
pore water
water in the

[SOURCE: IS
in the pores

3.9
risk assess
process of r

respect to the nature, extent, and propability of occurrence of these effects

[SOURCE: I
humans”.]

3.10
soil
upper layer
Note 1 to enf

silts, sands, g
such as wastg

F water
vater that moves downward in the pore space due to gravity

0 11074:2015, 3.2.5]

 agent present in the soil (3.10) [or groundwater (3.4)] which, due to its properties, anj
ition causes adverse impacts on soil functions (3.11) or soil use

0 11074:2015, 3.4.18, modified — “or soil use” has been added.]

pores or cavities within a body of rock or soil (3.10)
0 5667-11:2009, 3.18, modified — “water-that fills the pores” has been replaced by “y
]

ment
sk analysis and evaluation of the damaging effects on humans and the environment,

b0 11074:2015, 5.2.26, modified — “effects on man” has been replaced by “effect

pf the Earth's crust composed of mineral particles, organic matter, water, air and orgar

ry: Imatbroader civil engineering sense, soil includes topsoil and sub-soil; deposits such as
ravels, cobbles, boulders, and organic matter and deposits such as peat, materials of human

ount

vater

with

on

isms

clays,
rigin

s, .ground gas and moisture, and living organisms.

[SOURCE: ISO 11074:2015, 2.1.11, modified — “transformed by weathering and physical/chemical and
biological processes” has been removed.]

3.11
soil functio
description

EXAMPLE

[SOURCE: IS

n
of the significance of soils (3.10) to man and the environment

Control of substance and energy cycles as compartment of ecosystems, basis for the life of plants,
animals, and man, basis for the stability of buildings and roads, basis for the yield of agriculture, horticulture, and
forestry, carrier of genetic reservoir, document of natural history, archaeological and paleoecological document.

0 11074:2015, 3.3.31]
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3.12
soil gas
gas and vapour in the pore spaces of soils (3.10)

[SOURCE: ISO 11074:2015, 2.1.13]

3.13

soil material

excavated soil, dredged materials and soil (3.10) treated to remove or destroy or reduce the
environmental availability of contaminants (3.2)

[SOUR(“F" 1S0 11074:2015 74 16 _maodified — “materials r‘nmpncpd of” removed ]

3.14
soil pores
part of the soil volume, between the solid particles of the soil (3.10)

[SOURCE: 1SO 11074:2015, 2.1.14]

3.15
soil water
all water of the unsaturated zone (3.17)

[SOURCE: ISO 11074:2015, 3.2.7, modified — “and saturated” has been removed.]

3.16
total] organic carbon
TOC
all cdrbon present in organic matter

[SOURCE: I1SO 11074:2015, 2.1.22]

3.17
unsdturated zone
part pf an aquifer (3.1) in which the pove spaces of the formation are not totally filled with water

[SOURCE: ISO 6107-2:2006, 150]

4 (@General

Soils|are of centralimportance within the water cycle because their storage and filter funpctions have
a lasting influenee.on the water balance and groundwater quality. In this context, particular attention
shalllbe paid to_the following functions:

— 1nechanical filter functions (retention of suspended sludge and contaminant particles);

— ¢Hemical filter functions (sorption and mobilization of substances);

— transformation functions (degradation or transformation of substances).

NOTE The liquid phase most commonly consists of solely of water but non-aqueous liquids can sometimes
also be present as a separate phase.

Soil is understood as a porous medium consisting of three phases: the solid phase, the liquid phase and the
gaseous phase. The ratio of these phases and their respective compositions vary widely in time and space.

The assessment of contamination affecting groundwater quality requires a profound understanding
of the governing processes and reactions of potentially toxic compounds in soils. Contaminants are
translocated in all three phases of soils as a function of the properties of the chemicals and the soil.
Hence, strategies for assessing risks to groundwater due to soil contamination should vary with the
contaminants considered, and should take into account those soil properties which mainly govern the
soil's filter, retention, release and transformation functions.

© ISO 2018 - All rights reserved 3
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Vaporous contaminants, essentially volatile organic compounds (VOCs) are likely to migrate in the
unsaturated zone in gaseous form. Knowledge of the soil gas quality in the unsaturated zone allows
detection of contamination before it reaches the saturated zone as well as in the saturated zone.

In addition to considering the properties of the chemicals and the soil governing the behaviour of
contaminants in soils, different ways for contaminants to enter soils should also be evaluated when
designing suitable risk assessment strategies, with respect to contamination of groundwater. Soil and
groundwater contamination can be caused by different sources on different spatial scales, as indicated

in Figure 1.

. /. 4 s
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Figure 1 — Common sources\of groundwater contamination (focus on contaminated land
management)[1]

On regionalfand larger scalés, soil contamination is caused, for example, by wet and dry atmosp
deposition. The contamination observed in these casesis generally diffuse and with fairly moderatel
of contaminption. On'a'local scale, a variety of point sources can cause all kinds and magnitudes
and groundatefieontamination. In the case of immiscible contaminants (for example hydrocarbons),
most of the centamination
of migratingtegreundwater dzone action—could
Depending on the relative density in water, the behaviour of the contaminant is very different. Light
non aqueous phase liquids (LNAPL) have a lower density and dense non aqueous phase liquids (DNAPL)
have a higher density than that of water. Most point sources of contamination can also be regarded
as off-site diffuse sources of groundwater contamination. It is evident that different contamination
scenarios as a function of contamination sources and scale demand different investigation strategies
with respect to groundwater impact. Furthermore, groundwater impact assessment depends on the
aquifer system: unconfined or confined and the type of porosity: porous media, fractured media or
karst environment. At present there are no uniform principles for the investigation and evaluation of
contaminated soils and contaminated sites in relation to the protection of water resources.

Investigation strategies may be simple to complex. Simple or qualitative approaches mostly refer
to assessment of, for example, the potential leaching risk of chemicals through the soil towards
groundwater. In contrast to complex or quantitative approaches, the level of actual soil contamination

4 © ISO 2018 - All rights reserved
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is not taken into account. Approaches of this type can also be used, for example, to classify larger areas
with respect to their capability of protecting groundwater resources against contamination, or as an

intro

ductory step in an assessment of an actual contaminated site.

To assess the on-site impact on groundwater resulting from specific soil contamination, quantitative
approaches based on site-specific investigation procedures including laboratory and/or field
measurements have to be used. Laboratory measurements can include physical, chemical and biological
analysis, and leaching tests. Assessments of this kind should also take into account natural background
concentrations of a substance and other natural conditions affecting the impact on the groundwater.
Assessments of impact on groundwater often include a temporal aspect, since the actual impact might
not be measurable at the time of the investigation, but could happen sometime in the future.
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onservation of soil functions in order to prevent groundwater contamination;

oil and groundwater monitoring;

isk assessment;

ontrolling remediation measures.

ing of suitable methods is provided in the main part of this dectiment (see Clause 5).

the impact on groundwater can lead to impact on surfate waters, this aspect can in sd
ant in an overall impact assessment. This issue is not addressed explicitly in this docu

Assessment of direct and indirect inputs to groundwater

General

erequisite for the evaluation of thetsoil-to-groundwater pathway is the determin
ant physical, chemical and biological characteristics of soils and the hydrological ch:
e site. It is therefore necessary.tocollect data for the assessment of the contamination
bct to the type and degree of Contamination and extent of source(s).

hlso necessary to describe the soil that is impacted by the contamination source, ang
ting the impact on thie)groundwater, e.g. the geometry, hydraulic conditions and natu

psses) may influenice the groundwater impact.

processes involved are illustrated schematically in Figure 2 and a description of {
neters is given in Table 1.
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unit), lithold
pH) and bid

depends on

the orig

the typ¢ and characteristics of contaminants (e.g. solubility, persistence);

the typ¢

Superficial
water

edure and processes affectingthe impact of contamination on groundwaterl(2]

gy of parent material; hydrogeology (e.g. permeability), physico-chemical conditiong
logical conditions(fe:g. substrate availability). The study area of the impact assess
many factors, such'as the following:

in of the contamination: diffuse versus point source;

(e’g. consolidated, unconsolidated, sedimentary/metamorphic/igneous, fractured, ka

dual po

Fosity, etc.) and characteristics of the aquifer (e.g. homogeneous/heterogeneous, isotr

anisotropic, bedding, jointing, confinement, dispersivity, velocity, etc.);

superficial water (e.g. lakes, rivers, etc.).

5.2 Relevant soil processes

f information needed todescribe the relevant soil compartment include pedology (e.g.

— Schematic diagram illustrating the soil compartment covered by the assessmént

soil

(e.g.
ment

rstic,
pbpic/

the use of the aquifer (e.g. drinking water supply, industrial supply) and relations of the aquifer with

Contaminant transport in the unsaturated zone is governed not only by the transport of percolating
water but also by a number of biological, physical and chemical processes. Which of these processes are
to be considered important within a given context depends on the type of contaminants and the actual
soil conditions. An overview of soil and contaminant parameters related to contaminant transport is
given in Table 1.

© ISO 2018 - All rights reserved
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Contamination ageing influences different processes in soil: decrease of degradation and mobility,
increase of sorption and viscosity. This parameter should be taken into account for the impact

assessment.

Table 1 — Examples of soil and contaminant parameters related to different processes in soil

Process

Examples of soil parameters

Examples of contaminant
parameters

Mass transport of contami-

Hydraulic, conductivity, degree of saturation,

Solubility, volatility, density,

Pref

brential flow

nants porosity, pore size distribution, soil water- viscosity
retention functions, relative permeability,re- |, , .. . n
sidual saturation, wettability, surface tension, | © /77
capillary pressure, tortuosity

Contaminant transport in

watdr:

Adv¢ction Pressure gradient, hydraulic conductivity,
porosity

Displersion/diffusion Dispersitivity, pore water velocity Diffusion coefficieft

Dengity transport Pore water velocity, soil layering Liquid density

Viscosity
Dispersion, change in density

Pore size distribution, fissure sizé,macropore
size, connectivity

Dispersion, change in density

Viscosity, density, dliffusion
coefficient

Volatilization Water content, temperatiire, chemical-phase Vapour pressure, Henry's
content constant
Gas-phase transport Water content, tortuosity, pressure differences |Diffusion coefficiept
Dissplution of organics Hydraulic conductivity, tortuosity, water content | Solubility, Composi|tion of
chemical phase
Dissplution of inorganics Hydraulie.conductivity, tortuosity, water content | Solubility products
Predipitation pH,xedox, other components, water content Solubility product,[complexa-
tion constant
Complexation pH, ligand concentration, dissolved organic Stability constant ¢f complexes
compound DOC
Ion ¢xchange Cation exchange capacity, ionic strength, other |Valence, degree of jydratization
cations, pH
Sorption of organiés pH, organic matter content, clay content and Octanol/water disfribution

mineralogy, specific surface area

coefficient, sorption coefficient

Sorp

tion of inorganics

pH, organic matter content, clay content and
mineralogy, specific surface area, non-crystal-
line (short-range ordered) oxide and hydrous

Sorption coefficient

oxide gels

Degradation

Abiotic Redox, pH, temperature Presence of primary susbtrate,

Biotic Microorganisms, redox, substrate, pH, tempera- degradab.lhty, toxicity to mi-
ture, water content croorganisms

5.3 Impact assessment procedures

In order to complete a description of the source and the soil, it is necessary to develop:

— strategies for evaluation of site-specific parameters;

— sampling strategies;

© ISO 2018 - All rights reserved
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— analytical and testing strategies;

— foreachsiteand/or media (soil, groundwater, soil gas) thatinfluences the impact on the groundwater.

These strategies should be determined on the basis of:

— history

of the site or area;

— available data and/or results of previous investigations;

— the nature of any process-based treatment methods that have been applied to the soil;

— theinte

To optimize
investigatio
approach (s
The impact
description
necessity of

Figure 3).

| | il .
IUTU UsStT Ul LIIT SILC,

Investigation

Assessment

Tier 1

Simple
assessmen
(see Clause

Preliminary investigation (see ISO 18400-202
B1), including desktop investigation, site history,
potential contaminants, available regional data
on geology and hydrogeology

- Description of local geology and pedology in

) moderate detail to estimate the hydraulic

parameters in the unsaturated zone and to
verify the existence of contamination

Primary impact assessnient:
simple assessmentofthe
potentialleachingwisk

action is notnecessary)

Definition of the importance of the problefm,further action (e.g.
site monitoring, immediate clean-up, further investigation or

the actual need for information in relation to the costs and time demanded ‘fo
hs in the field and laboratory, the assessment should be carried out following a t
pe Figure 3 which displays a generic approach which can be amended whén necesgary).
assessment is often an iterative procedure, each tier being a more refined version df the
of the problem and each leading to a more detailed basis for decisiohsmaking, as t
remedial action in the form of site clean-up, land-use restrictiofis) etc. (see Tier

Cost-benefits

- the
ered

b the
2 on

Figure 3 — Graduated approach for impact assessment
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Interme.dide including field and laboratory site-specificmodelling of =
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conditions o .
é Complexity of the
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assessment specific details: biological parameters, (mechanisticapproach)
(see Clause 8) isotopic parameters or geophysical
measurements
Field validation
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Investigations of contaminated sites are usually only carried out where contamination is expected.
Thus, guidance given in ISO 18400-203[4] can be used. The area of interest may provide elements
forming a basis for decision-making and for determining if a site should be remediated.

The first tier requires a preliminary investigation (desk study and site reconnaissance) (see Clause 6),
such as collecting information about known or suspected contamination hot-spots and the range of
expected contaminants. In the first tier, the assessment identifies presence of potential source-
pathway-receptor linkages.

If this proves inconclusive, it could be necessary to locate contamination hot-spots via a targeted

uld

the orientated investigations cific investigations are necessary

ation of the exposure pathway of soil to groundwater within the framework of a sec
sment requires evaluation of the concentration of substances in the’percolation water
roundwater.

asseq
the g

Wit}:li‘n the framework of a detailed investigation, it may becnecessary to consider, in 3
volumes of transferable substances, potentially mobile fractions’and other parameters.

The
perfy
into

assessment of a groundwater contamination risk{¥esulting from soil contamina
rmed at different levels of complexity. The more-data available, the more processes
hccount in a risk assessment model. An example procedure is given in Annex B.

NOTH Often, the reports presenting the results-of assessments are scrutinized by regulatd
interested parties, including the general public. Itis important, therefore, that such reports are of a |
standard but also take into account the diverse and often non-technical readership. Therefore, tabula
graphical and other means can be used to present the data in ways that make the data and conclusi

is prdcticable to assimilate and assess.

5.4 | Sensitivity and uncertainty analysis, data handling and quality

The
site 4
of dg
therg
that

burpose of characterjzing soil (or other media) as suggested in this document is usua
ssessment with respect to impact on groundwater. This document provides guidance
ta that might beréquired in an assessment, and indicates for which parameters or

are international or national standards available. The assessor shall choose those
hre appropriate to the task in hand.

Estirhations‘efuncertainty are of crucial importance to risk assessments, as they provid
of cgnfidenee in the site investigation data and ultimately the final outcome of the risk
Uncerrtainties typically concern:

seudo-total
be deduced
The risk of
ncentration

centrations,
ination.

bnd-tier risk
which enter

ddition, the

fion can be
an be taken

rs and other
igh technical
r summaries,
ns as easy as

ly to enable
bn the types
procedures
parameters

E d measure
assessment.

site conditions;

the site conditions at the point where it was taken;

mobility, etc.) of the contaminants present;

the extent to which the pedological, geological, hydrogeological conditions atthe site are

surrounding areas (fate and transport issues);
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the extent to which behaviour of the receptors potentially at risk under the particular circumstances
can affect the risk estimates;

how the receptors can be affected by the contaminants, and what role the different receptor
characteristics play in this.

A sensitivity and uncertainties analysis should be conducted on each parameter to determine its
influence on the results of the simulations and predictions settings. Furthermore, this analysis allows
us to understand the contribution to the overall uncertainty of each parameter tested.

The model is validated by comparing the results of the predictive simulation and measurements in the

field. The c

nstruction and calibration of a model are validated ifprnfivp]y hy (‘nmp;\ring the resu

ts of

measureme

Uncertainty
water can

between Ki
a property
counteracte|
to uncertair

structure and parameters. Uncertainty in model structure is the result of simplifications, assum

hts and simulation results.

accompanying an estimate of, for example, concentrations of contaminants in‘percol
riginate from various sources. Generally, sources of uncertainty can be ‘different
jowledge or informational uncertainty and natural variability. Natural ‘variabilit

d by increased sampling or measurement efforts. Informational uneertainty can bg
data quality, such as measurement errors or incomplete data, or-dile to uncertain

or errors in|
model para

the formulation of the model. Model uncertainty can also result from uncertainty i
eters produced in the course of model fitting.

of

htion
jated
y as

of nature cannot be reduced while informational uncertainty canjt6)some extent be

due
odel
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h the

that
5in a
vater
tion,
ning

For the proflem of contaminants percolating from soils to groundwater, it is important to recognizq
the processg¢s forming the soil are physical, chemical and biologi€al and obey physicochemical law
highly nonlinear way. Technically, all variations of contaminant’concentrations in the percolating y
are determipistic in the sense that they are a result of soil .characteristics governing relevant sor
decay or otler processes. However the sensitivity of these processes to small variations in govej

soil propert
dissolved pH
in model sf
determinist

Before any j

ies produces some random error, which in turn leads to undeterminable variations i
ase. Random error causes stochastic uncertainty leading to imprecision, while uncert
ructure (leading the model to incdrrectly reproduce the process in question) cz
ic uncertainty leading to inaccuracy:

idgement can be made aboutimpact on groundwater, the sufficiency of data on soil, so

h the
hinty
juses

1 gas

and groundyvater to be used should be-evaluated. The data shall be sufficient in terms of:

type;

— quantity;

— analytiqal/testing quality.
In the contekt of data quality, it is essential to:

define the abjectives of the investigation;

establis

establish an analytical and testing strategy taking into account the guidance in this document and
other relevant International Standards;

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

NOTE Guidance on sampling strategies for soil quality is given in, for example, ISO 18400-104[5], for soil gas
in, for example, ISO 18400-204[5] and for groundwater in, for example, ISO 5667-11[Z1.

It is essential to have sufficient data. The confidence that can be attached to any judgements made if
no greater than the confidence there is in the representativeness of the data. For example, confidence
following a site-specific risk assessment or through comparison with the requirements of authoritative
guidance such as generic assessment criteria or environmental quality standards. The requirements of
such guidance regarding sampling shall always be followed.
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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.

Care shall be taken in deciding what statistical expression(s) of the data are to be used in the assessment,
as this may affect the choice of sampling procedures. For groundwater impact investigations, a
statistic such as the “95 % upper confidence level of the mean” or the “maximum observed value” is
recommended (See Reference [8]).

The quality of the data to be used shall be ensured by some or all of the following:

nt or, where

sing standardized analytical and testing methods such as those listed in this docunig
nternational Standard methods are not available, those published by national(standardization or

quivalent bodies;
— Uising laboratories using methods accredited under regional schemes.
6 Tier 1 — Simple assessment
6.1 | General
The first tier includes preliminary investigations as defined, for example, in ISO 18400-202[3] based
on desktop investigations and site reconnaissance withi-the aim of carrying out an initial impact

bnditions on
erning local
iracteristics

assegsment. This tier includes delineation of the soil ge@metry, soil unit and hydrological c
the basis of general knowledge of the area, possibly supplemented with some field data cong
condiitions. Specific hydraulic parameters (e.g. hydraulic conductivity, water retention ch:
and

datal
natu
of sit]
reley
soil d
can |

nfiltration rate) can also be estimated from relevant literature (pedo-transfer funct
bases). The presence of contaminants,annd other substances of interest (e.g. possible
rally occurring substances that mightleach) and their likely concentrations are estimg
e history and any available analyses-of soil and water samples and/or soil-gas measur
ant transport and decomposition’/ processes are approximated from data related to

onditions and contaminants‘etrieved from the literature. The mobility of inorganic cq
e estimated by assessingthe soil/water partition coefficient (Kq) (see Reference [9]),

ions and/or
presence of
ted on basis
ements. The
the relevant
ntaminants
For organic

compounds, the soil organic(carbon-water partitioning coefficient (K,c) should be estimate
with|passive sampling given in References [10] and [11].

d preferably

Reley
toget

If the
be c3
plan]

rant parameters_required for the physical and chemical characterization are listed|in Annex A

her with suitdble methods for their determination or evaluation.

ment should
eld tests are

Tier 1 ass€ssment indicates a need for a more detailed assessment, the Tier 2 assess
rried eut."The relevant investigations consisting of sampling, chemical analysis and fi
nedon’the basis of Tier 1.

6.2 Site and solil description

The assessment of the potential impacts of contaminated soil on groundwater requires general
information about the site under investigation. The most relevant parameters for a site-description are
listed in Table 2. For example, ISO 18400-202[3] could be applied. The scale at which this information
may be collected, and the degree of detail that is required, is closely related to the objective of the
investigation which primarily depends on the anticipated nature and distribution of contamination (see
ISO 18400-203[4]). During a desktop investigation (Tier 1 according to Figure 3), gathering information
about the site does not include field work, whereas further investigation tiers may necessitate more
detailed field data collection. It is important to bear in mind that the reliability of data interpretation
and risk assessment strongly depends on a profound knowledge of the site under consideration, hence
collection of information about the parameters listed in Table 2 should be as comprehensive as possible.
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Table 2 — Examples of parameters for site and soil description

Applicable
Parameters International
Standard

Landform and topography | Topography, landform, land element, position, slope, micro-|ISO 25177[12]
topography 1SO 18400-202I3]

Land use and vegetation| Land use, human influence, vegetation

Geology and lithology | Kind of parent material, effective soil depth

Surface characteristics |Soil outcrops, surface coarse fragments, erosion phenomena,

curfaca caalin

o
o7

Soil-water r¢lationship |Surface water balance, rainfall, evapotranspiration, groundwater
recharge, presence and depth of water table(s), site drainage,
moisture conditions

Soil type/soll profile de- | Soil unit in regards of the classification system used
scription Sequence and depth of diagnostic horizons, kind of boundaries
Soil colour (matrix, mottling)

Organic matter

Texture, coarse elements, presence of non-soil material
Carbonates, field-pH, electrical conductivity

Structure, voids, fracturing, inhomogeneities

Compactness and consistence

Total estimated porosity

Roots, worm channels, biological activity

6.3 Simple assessment of the potential leaching risk
The application of simple assessment modelsis'tecommended specifically for:

— landscape management purposes (e.g:definition of drinking-water protection zones, environmgntal
impact studies on regional and latger scales);

— evaluatfon of the potential and actual contamination of soil to the groundwater from inorganic
and organic contaminants-{e.g. fertilisers (nutrients like nitrogen), plant treatments (pesticldes),
treatmgnts of sewage-stiidge, compost or other organic waste material (heavy metals, organic
compounds)].

Simple assegsments 6nly need a very limited number of easily available input data, but are consequpently
restricted i their'assessment to relative evaluations. Mostly they are applied in order to classify the
soil's inherept binding force and leaching risk, preferably on a regional or larger scale, when quantitative
information|about the actual soil contamination is lacking.

Simple assessment methods can be characterized as deterministic approaches with a modular
structure. They are based on simple empirical relations using mathematically derived and formalized
matrices, and thus they rigorously simplify the underlying physical and/or chemical processes. In
contrast to complex assessment models (see Annex B), the relevant transport and transformation
phenomena in soils are not described on a process-orientated basis. Simple assessment approaches are
often categorized as “functional” or “non-mechanistic” models which consist of pedotransfer functions
and rules (see Reference [13]). With respect to water and solute fluxes, they refer at least to the principle
of mass balance.

Functional forecasting models aim at relative evaluations, for example in terms of a low, medium or
high leaching risk. The result of a qualitative risk assessment is expressed as a potential leaching risk
because, in contrast to quantitative “mechanistic” models (see Annex B), the actual soil contamination is
not taken into account. The physical, chemical and biological properties (see Clause 5) of the soil and its
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contaminants are generally needed as input data. The information on soil properties is available from
soil maps and digital soil information systems, or can be derived from them by applying simple transfer
rules and transfer functions (see Reference [14]). Additionally, information on climate, hydrology and
land use is also often provided in digital information systems or from paper maps.

The application of simple assessment models is restricted to moderately contaminated soils, whereas
complex evaluations are carried out in case of strong suspicion of soil contamination predominantly on
a local scale. With respect to the kind and limited number of input data and the level of risk evaluation,
simple assessment models might not be an adequate substitute for site-specific investigations
(i.e. laboratory and/or field measurements in order to quantitatively evaluate assumed or ascertained
soil contamination) as suggested in Annex B). Simple assessment models should not be used for
evalyation of spill situations or concentrated INput [rom a point source. Nevertheless, al simple risk
assegsment might be a helpful introductory tier in an assessment of an actual contaminated site.

7 Tier 2 — Intermediate assessment

7.1 | General

Tier P typically includes sampling and analysis or testing to estimate\the extent of the squrce(s), and
the distribution of contaminants in the soil matrix between the different phases: the soi] gas, within
or bgund to the soil particles, or dissolved in the soil water (see*€.g. ISO 18400-203[4]). The transport
of contaminants in various soil types and underlying lithologies’ (e.g. sand versus fracturé¢d rock) can
be véry different depending on their static and dynamic characteristics. It is very important in Tier 2
to dgtermine the dominant mechanism(s) governing vafieus processes. For example, if the transport
is mginly through fractures in clay and rock, then the-adsorption process can be of minor importance.
Alternatively, in homogeneous sand with a high organic matter content, adsorption can pe the most
impdrtant process to take into account in the impact assessment. Information about the groundwater
reseqvoir (e.g. extent, importance for the water.supply) in question is also relevant in this phase in order
to bg able to assess the severity of a potential problem. Leaching and extraction tests cah be applied
to agsess the distribution of contaminants between the soil, water and geochemical phases, and to
assegs the potential environmental impaét (on groundwater in this context) and possible femediation
actigns required. The seasonal pattern/of climatic characteristics should be known in order to evaluate
seasgnal trends in potential and engoing soil and groundwater contamination. Management practices
should also be taken into account-(e.g. irrigation type and quantities). Site-specific comput¢r modelling
of prjocesses and groundwatey flow can also be introduced as part of this tier. In Tier 2, guantitative
metHods as exemplified ig Table B.7 can be useful.

7.2 | Sampling

Befole starting\afly investigation, it is essential to define the objectives of the investigation and to
preppre a sainpling strategy consistent with those objectives (see, for example, ISO 18400-104[5] and
ISO 18400-203I4]). Reference should be made to relevant International Standards and to the guidance
attaghed“to any national criteria or standards relating to soil quality that are to be jused in the
assegsment of the results of the investigation. In some jurisdictions, there could be a legal requirement
to follow certain procedures if published criteria are to be used as the basis of the assessment.

Different sampling procedures could be required for contamination due to different sources.
International ISO standard may be applied for each considered sources. Otherwise, appropriate national
standards or equivalent regulations should be used.

7.3 Characterization of soil, water and soil gas

7.3.1 General
The description and assessment of contaminated sites require information on soil, soil gas and water

characteristics. In Annex A, relevant parameters required for the physical, chemical and biological
characterization of soil, water and soil gas are listed.
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The principles that should govern strategies for determination of relevant analysis and tests are
provided in 5.2 and 5.3. Examples of the application of such procedures in the context of assessment
methods are provided in Annex B. Qualitative or simple assessment approaches (see 7.1) require, in
addition to the general site and soil description (see Table 2), selected physical (see Table A.1) and basic
chemical parameters (see Table A.2) as input data. Tables A.3, A.4 and A.5 list international standards
that might be applicable for relevant inorganic and organic contaminants[29]-[115],

More complex assessment methods mostly require an extended and more specific data input, in
particular with respect to the actual concentrations of potential contaminants in soils and water.

7.3.2 Physical parameters

A number o
and contam
measured s
situation (T

vater
pters
nant

f soil physical parameters are relevant in connection with the assessment of groundyj
inant transport in the unsaturated zone (see Table A.1). The actual choice ofparam
hould be based on preliminary knowledge of site characteristics and the,-contam
er 1). Table A.1 lists International Standards that might be applicablel29]-[115].

In order to
leakage, etd
saturated z
basis of m¢
inhomogend
estimates aj

estimate hydraulic data for the saturated zone (e.g. hydraulic conductivity, transmissfivity,
.) pumping tests can be carried out. With this type of test, groundwater flow in the
bne can be described. Water migration in the unsaturated zone“can be estimated op the
asurements of grain size distribution (e.g. by pedo-transfercfunctions/rules). However,
ities can dominate the distribution and velocity of thefinfiltration. If more acctirate
e necessary, infiltration tests can be performed on site.

7.3.3 Chemical parameters

7.3.3.1 Gé¢neral

Conventionaglly, the chemical parameters to be measured are grouped as follows:

— basic characteristic parameters (see Table A.2);

— inorga:Lic nutrients (see Table A.3);

— inorganfic contaminants (see Table A.4);

— organic|contaminants (see Table A.5).

In many cases, it can be usefGhto apply leaching/extraction tests to provide information about the
release of specified contaminants under reference conditions, or under conditions that more clpsely
approximate or simulatethe’actual field situation under consideration. Leaching/extraction tests ¢over
a range of experimentabprocedures and systems, from simple one soil-sample/one-extractant systems
(e.g. strong |acid, weak ‘extractant/complexing agents and water) to more sophisticated columntflow
systems. Commonly, all tests or extractions result in an eluate/leachant that should be analysed for
basic paranjetérs,; inorganic and/or organic contaminants with the analytical methods describged in

this subclayl

SE.

Any test needs to be validated to confirm the test method will not result in loss of the organic
contaminant (e.g. via loss of volatiles in preparation stage or losses due to the filtering by adsorption to
the filtering equipment).

It is important that the contaminant situation in the soil, both in the source zone and at the water table,
are well described. The choice of parameters depends on the actual site history and the specific aim
of the investigation. It should be noted that the choice of method influences the actual concentration
measured, and the assessor should ascertain which methods are the most appropriate for different
types of assessment.

Before any laboratory analysis, samples should be subjected to pretreatment (e.g. ground, sub sampled)
compatible with the method(s) of analysis to be employed. Some methods for extraction or analysis
include their own requirements regarding pretreatment of samples and these shall always be followed
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unless there are sound technical reasons not to do so, in which case those reasons should be reported
with the analytical results.

A number of so-called basic characteristic parameters (see Table A.2) influence soil processes that
affect contaminant concentrations, e.g. adsorption, precipitation and complexation.

7.3.3.2 Inorganic substances

Nutrients (see Table A.3) can be of importance both in themselves and/or as necessary constituents for
the biological degradation of organic compounds. The International Standards listed in Table A.3 can be
applied.

Metdls and metalloids (see Table A.4) can be naturally occurring or present as contaminants that at
high¢r concentrations might become pollutants. Table A.4 lists International Standatds that might be
applicable to their determination.

7.3.3.3 Organic substances

While the inorganic analyst is primarily concerned with the analysis of a_defined number]of elements
and anions, the organic analyst is often interested in looking for any organic compound whjch might be
pres¢nt. In practice, organic analyses take two forms:

— Ietermination of what is present (qualitative analysis);

etermination of how much of a specific compound or¢class of compounds is present (quantitative
gnalysis).

The detection of “adventitious” or unexpected substances, particularly when complex mixtures of
orgahic chemical species are present, requires the use of analytical screening methods,|such as gas
chromatography/mass spectrometry. It is alselcustomary to employ analytical methods that purport
to giye total concentrations of classes of compounds such as phenols, polycyclic aromatic hydrocarbons
(PAHs), total petroleum hydrocarbons (FRH) and chlorinated hydrocarbons. Care is requlired in both
the use and interpretation of the results.of such methods. Qualitative analysis is frequently carried out
prio1 to quantitative analysis. Class analyses frequently precede specific compound analysegs.

“Totql” applied to organic compouinds usually means that an analytical technique has begn employed
that cannot distinguish between similar compounds: e.g. in the case of phenols between monohydric,
dihy@iric and trihydric compounds (i.e. compounds with one, two and three hydroxyl groupg attached to
the benzene ring). Howéver, the term “total” may be misleading: perhaps not all phenols can|be detected
by thHe method emplo¥yed (e.g. there may be limitations in terms of molar mass or the numbdr and size of
other functional groups present on the benzene ring) and different methods can give different results.

Many organieanalyses involve extraction with an organic solvent. The solvent used and the conditions
of exftraction-can influence the analytical results. For example, volatile PAHs (generally thEse of lower
molar mass) may be lost during a hot Soxhlet-style extraction, whereas a cold extraction|{may be less
effective in dissolving higher molar mass PAHs. This might be important, for example, whien trying to
determine residual concentrations of PAHS In a soil material subjected to thermal treatment, those
remaining might be expected to be those less volatile.

Analyses of soil materials for volatile organic compounds (e.g. benzene, chlorinated solvents) present
particular analytical difficulties. Research suggests that even under ideal conditions of sampling,
transport and sample preparation, substantial losses can occur (one study suggested that 50 %
retention was the best that could be achieved). Under less than ideal conditions, almost all can be lost
(see Reference [15]). Some guidance on how to overcome these problems is given in ISO 18512[16] and
1SO 22155[17].

NOTE To limit the loss of volatile organic compounds, the soil sample can be stored in methanol as soon as it
is collected in the field.
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The use of in situ methods, such as soil vapour analysis, are likely to give a more reliable indication of
distribution and relative concentrations of the substances of concern. In addition, it should be noted
that different laboratory methods (e.g. purge-and-trap and head-space analysis) can give substantially
different results.

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

Table A.5 lists International Standards that might be applicable for organic contaminants that are the
more commonly encountered, but the list is not exhaustive[29]-[115],

7.4 Impalct assessment

7.4.1 General
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jon of concentrations in(soil water based on groundwater investigations.
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possible to confirm the natural soil solid/solution ratio.
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bd soil miatrix can be undertaken (e.g. batch methods). This requires methods which afre as

The methodsgiven in Table A4, which describe mobile/mobilizable contents of heavy metals and other
trace elements (complexing/weak extractant/water soluble), have a greater liquid/solid ratio in the
presence of complexing agents. Therefore, concentrations determined on this basis (e.g. leaching tests)
tend to overestimate the real content of trace substances in soil percolation water.

In addition to the above-mentioned batch methods, the soil solution can also be obtained by using
column tests. These methods are especially applicable for organic contaminants.

Where leaching tests are used, ISO 18772[18] is followed as a logical process to facilitate the selection
and justification of appropriate tests based on a conceptual understanding of soil and contaminant
properties, likely and worst-case exposure conditions, leaching mechanisms, and study objectives.
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During risk assessment, one should characterize the leaching behaviour of contaminated soils using an
appropriate suite of tests. As a minimum, these tests should be:

upflow percolation column test, run to LS 2 — to derive kappa values;

— pH dependence test if pH shifts are realistically predicted with regard to soil properties and

Undse
conc
the h

The

exposure scenario;

LS 2 batch test — to benchmark results of a simple compliance test against the final step of the

column test.

stigations

r constant conditions and known volumes of percolation water and groundwat
entrations in the soil water can be estimated from concentrations in the grouhdwater
ydraulic gradient downstream from the location of contamination.
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rentiation necessary for selection and design of remediation measures.

.4 Direct investigation of soil water

Hirect investigation of concentrations in percolation water requires sampling of soil
r by suitable means, e.g. suction devices to obtain soilwater in situ. Soil water sampler
on lysimeters, can be used to collect water sampléestin the soil profile. The samplers arg

pil. The samplers consist basically of a poreus ceramic cup and a sample collection tubj
b is used to create a vacuum in the sampler, which draws water from the soil matrix

ceramic cup and into the sampler. The watersample can then be extracted from the collect

takel
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1 to the lab for chemical analysis.
cation of this method can encounter the following problems:

insufficient water to be sampled from the unsaturated zone;

q

orption effects, depending on the material of the device used;
ndefined spatial-Zerie sampled by the method;

!

igh sampling-frequency required to evaluate efforts to determine variability of {
¢oncentrations of substances.

Amount of transferable substances

esired depth and left in the soil, allowing periodic sampling to occur with minimal di$
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e. A vacuum
through the
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substance

amounts (volumes and/or masses) entering the groundwater Therefore, 1t is necessary to consider
not only the concentration of substances, but also the volume of percolation water and the relevant
soil area. Firstly, the net infiltration rate, averaged over one year, can be determined as climatic water
balance. The relevant site parameters are given in Table 2.

NOTE Climatic water balance characterizes the concurrent availability of energy and water for biota and is
represented here by actual evapotranspiration and climatic water deficit.

Depending on the specific site conditions and the substances under consideration, infiltration rate
may not be sufficient and it may be necessary to quantify the flux of water through the soil and the
corresponding substance concentrations at a higher resolution with respect to aspects of time and
space by carrying out site specific investigations.
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7.4.4 Degradation of organic contaminants

For organic contaminants, (bio)degradation should be taken into account when extrapolating from
a given substance concentration in the unsaturated zone to a substance concentration in the upper
aquifer. Biodegradation may occur as part of the natural attenuation processes in the unsaturated zone.
Due consideration should be given to the conceptual site model and its potential for biodegradation to
occur. If suitable data are not available, additional substance-specific degradation experiments could

be necessary.
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bther tools such as biological parameters (8.2), isotopic*parameters (8.3) or geophy
(8.4) can be useful in order to refine the quantitative:assessment.

antitative methods as exemplified in Annex B can be useful.

n that the assessment is often an iterative procedure, each tier being a more refined ve
iption of the problem and each leading to-a more detailed basis for decision-making,
y of remedial action in the form of site‘clean-up, land-use restrictions, etc.
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y influence:

bility of organic compounds in soils: the contaminant concentration at the water
5 not only on dilution and adsorption but also on the microbial influence on degra
ents. To be able-to/assess this activity in both the present and future situation, inform
hicrobial activity (see Table A.6) in the soil in question is important;
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le“A.6) can be carried out to characterize the soil's inherent retention capacity analog

pusly

to physical and chemical extraction or leaching tests (see ISO 21268 series[9]).

The biological parameters that might be relevant are listed in Table A.6 together with International
Standards that can be usedl[29]-[115],

8.3 Isotopic parameters

Isotopic tools can give information about the hydrogeological characteristics and, in particular, the
determination of the flow lines, the definition of the recharge area, the estimated transfer time or
residence time of water, the existence of one or more aquifers and possible connectivity between these
systems, and the influence of surface water (see References [19], [20] and [21]). For this, the stable
isotopes of the water molecule (§2H and §180), radioactive isotopes, methods for dating waters (CFCs,
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SFe, 3H, 14C, 3He/3H, 222Rn) and tools developed specifically for other applications such as the origin of
contaminants (87Sr/86Sr, §11B, §34S and 6180 of SO4) are used as well as artificial tracers (Table A.7).

Characterization of a contaminated site with reliable answers about the origin and fate of organic
contaminants in environmental media is often difficult to achieve with conventional investigation
methods. Isotopic analysis of individual organic compounds (compound-specific isotope analysis —
CSIA) offers a quick and tangible mean to obtain additional information on in situ processes.

CSIA can give a quick answer to differentiate reduction in concentrations due evaporation, dispersion
or dilution from a net loss of contaminants due to biotic and/or abiotic transformation. A change in
isotopic ratios of a contaminant from its source to the hydraulic piezometers downstream reveals that
this pontamimanthasbeen Pt ocessed—ESHA—ean Pt ovide tausiblc evidence—of-the presence of in situ
biod¢gradation of contaminants as the isotopic composition (e.g. 613C) is changing differént]ly according
to the processes.

[sotgpic analyses can be an additional tool “2nd-line-of-evidence” for providing’strong|evidence of
degrpdation (in the absence of solid evidence offered by conventional chemicakand micrgbial testing,
for gxample) and to distinguish the original contaminants or metabolites~(differentiate an initial
metdbolite degradation product).

8.4 | Geophysical parameters

Geophysical methods can be used at different stages of a study ef.contaminated sites and soilp in order to:

— improve the geological and hydrogeological model;
— 1nake the environmental diagnosis of a site in order‘to identify potential sources and plumes;
— 1Inonitoring a plume on:

1 its geometry;

+ changes in concentration of the conitaminant;

+ changes in physicochemical” properties of the contaminant, related to reddgx reactions
(particularly changes in.the redox potential).

Unlilte conventional monitoring techniques using analysis of soil or water from boreholes,|geophysical
metHods are inclusive, nof-destructive and can be continuous in time.
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Annex A
(informative)

Relevant parameters suggested for the physical, chemical and
biological characterization of soil, water and soil gas

Table A.1 — Physical parameters
Methods Soil Applicaple
Parameter Tier 1 Tier 2 Tier 3 Soila | Watera gas Internatignal
Standarfb
Texture sieving, sedimentation X 1SO 11277 (s)
Coarse sieving X ISO 11277 (s)
material
Presence of Sieving ISO 25177(%)
non-soil mate- |,,. . . X
. Visual inspection
rial
Hydraulic literature (pedo- |laboratory and field methods (e.g. ISO 11275
conductivity] [transfer func- Guelph constant- head permeame- 1SO 17313
(unsaturated |tions, databases) [ter, Darcy test, wind’s evaporation) X
and/or satu- [SO 22282-# (s)
rated)
Temperatur¢ |temperature sensors X X X
Water-retent |literature (pedo- |stepwise extractionof water by IS0 11274 (s)
tion charac-| |transfer func- suction or tension X
teristics tions, databases)
Soil water gravimetric methods ISO 16586 (s)
Eg;zfgf) neutron depth probe, TDR {Time Domain Reflec- X ISO 11465 (s)
tometry) 1S0 10573(3)
Pore size dig- |estimation from sojlswater-retention curves X ISO 25177(%)
tribution
Field capacifly |estimation fromrsoil water-retention curves X 1SO 11274($)
Bulk density |direct meaSurement on undisturbed soil samples, X ISO 11272(F)
estimation-from soil water retention curves
Infiltration Literature (pa- constant head pressure infil- [SO 22282-p
rate rameters for site |trometer
X : X
and soil descrip-
tion — see 5.4)
Atmospheric X
pressure
a  “X”indicates that the information or characteristic could be relevant. However, decisions should always be made on a
case-specific basis.
b [favailable, (s) standard method for soil, (w) for water and (g) for gas.
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Table A.2 — Chemical parameters — Basic characteristic parameters

Kow

Applicable
Parameter Tier 1 Tier 2 Tier 3 Soil2 | Watera | International
Standardb
pH pH-electrode X X ISO 10390 (s)
[SO 10523 (w)
Redox poten- |Redox electrode X X ISO 11271 (s)
tial
TOC (Total Or- | Combustion X ISO 10694(s)
SN Ao S Ifochromic 1S0,14235(s)
oxidation
X ISO 8245(w)
DOC|(Dis- Combustion after X X ISO 14235 (s)
SOlV-(‘d Or- filtering (0,45 pm) 1SO 8245 (w)
ganig Carbon)
Organic car- | Dry combustion, X ISO 10694(s)
bon sulfochromic oxi-
dation
Carbonate COz-evolution X X ISO 10693 (s)
content
Spedific EC-meter X X ISO 111265 (s)
electrical con-
ductfivity 1S0 7888 (W)
Catign ex- BaCl, unbuffered, X ISO 1f1260 (s)
change capac- BaCly buffered-a€ X 1S0 18536 (s)
y pH 8,1
Exchangeable Titration of X ISO 14254 (s)
acidity bariumcchloride
extradts
Elenjental On site measure- X ISO 13196
composition |ment b}{ energy- 10 18227
dispersive X-rdy
fluorescence EN 15309
Contaminant- Laboratory X
bearjing solid methods (X-ray
phage diffraction [XRD),
scanning elec-
tron microscopy
coupled with
Energy Disper-
sive X-ray (SEM/
EDX) Sl.lC\.tl US
copy, Extended
X-ray absorption
fine structure
(EXAFS), etc.]
Soil/Water Literature (data- |Laboratory methods (batch and X IS0 21268 (all
partition coef- |bases). Kq can also |column leaching test) parts)
ficient (Kq) be estimated from

b Ifavailable, (s) standard method for soil, (w) standard method for water.

a  “X” indicates that the information or characteristic could be relevant. However, decisions about relevance should
always be made on a case-specific basis.
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Table A.3 — Nutrient contaminants

Nutrient, for Specification/form Extraction methods | Soil2 | Water? Applicable
example International
Standardb
Calcium X ISO 7980 (w)
[SO 14911 (w)
ISO 11885 (w)
Magnesium X ISO 7980 (w)
ISO 14911 (w)
[SO 11885 (w)
Sodium Water soluble H»0 X IS0 9964-1(wW)
ISO 9964+3) (w)
[SO 14911 (w)
ISO 11885 (w)
Potassium Water soluble H,0 X [SO 9964-2 (w)
X [SO 9964-3 (w)
[SO 11885 (w)
Water soluble H,0 X X ISO 14911 (w)
Nitrogen Total Dry combustion X X ISO 13878 (s)
(modified) Kjeldahl X [SO 11261 (s)
Peroxodisulfate oxida- ISO 11905-1 (w)
tion
Nitrate CaClp-extraction, dry X X ISO 14255 (s)
soils 1SO 14256-2 (5)
i((f:ill-sextraction, moist 1SO 7890-3 (w)
sulfosalicylic acid
Ammonium CaClp-extraction, dry X X ISO 14255 (s)
soils X ISO 14256-2 (s)
;(élill-sextractlon, moist 1SO 7150-1 ()
Water soluble CaClz-extraction, dry X ISO 14255 (s)
soils
Phosphorus Total Aquaregia X ISO 6878 (w)
ISO 11885 (w)
Weak extractant Na(HCO3)-extraction X ISO 11263 (s)
Sulfur Total Dry combustion, aqua X ISO 15178 (s)
regia 1SO 11885 (w)
Weak extractant Dilute HCI X IS0 11048 (s)
Water soluble H,0 X ISO 11048 (s)

b [Ifavailable, (s) standard method for soil, (w) standard method for water.

a  “X”indicates the information or characteristic could be relevant. However, decisions about relevance should always be
made on a case-specific basis.
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Table A.4 — Inorganic contaminants — Metals, metalloids, trace elements

Applicable International

Metals, metal- - ) Standardc
loids and trace | Specification/ Extraction/ Soilb | Waterb -
elementsa for form preparation method Extracted/ Determina-
example preparation tion method
method
Arsenic total Alkaline fusion X [SO 14869-2 (s) |ISO 22036 (s)
Barium HF + HC104 X I1SO 14869-1 (s) |1SO 11047 (s)
Cadmium Pseudo-total | Acid mixture of nitric X IS0 14869-3 (s) 150 20279 (s)
2cid (HNO hudraflua 3 .
X B S L7 Ui A e (Thallium only)
Chrgmium ric acid (HF) and hydro-
Cobdlt chloric acid (HCI) 150]11047 (s)
Copper Aquaregia X IS0 11466 fs) | {1S0| 20280 (s)
1S0 20279\) (Arpenic, Sele-
Cyarjides (Thalfian only) | M|
fron 10,1047 (s)
Lead 180 20280 (s)
Manganese (Arsenic, Sele-
Merquryd nium)
ISO 16772 (s)
Molybdenum (Mercury only)
Nickel Complexing  |EDTA X 1SO 14870 (s)
Selefium buffered DTPA
Thalfium Weak extract- | Diluted acids (e.g. HNO3)| X
Zinc ant NaNO3 X
NH4NO3 X
CaCly X
KCl X
Hp0 X See NOTE Se¢ NOTE

partifular (often contaminated)\seil material.

a  (an be potentially harniful at higher concentrations.

b “4X” indicates thatthe’information or characteristic could be relevant. However, decisions about rel¢vance should

always be made on & ¢ase-specific basis.

¢ Ifavailables(s)standard for soil.

d  Mercury'can be also analysed in soil gas.

There are a variety of exttagtion and analytical methods for soil and soil-water in the series of|International
lards which might be applicdble. However, it is important to confirm that they work with the extracts ohjtained from a
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23


https://standardsiso.com/api/?name=1989d1183742f33d7a52c1c5dfb0c348

ISO 15175

:2018(E)

Table A.5 — Organic contaminants

Immunoassay
HPLC
GC-MS

Substance/groups of Applicable
Speciation Methods Soila | Water2 | Soil gas International
substances
Standardb
petroleum hydrocarbons |Gasoline GC/FID X X ISO 16703
Diesel X X 1SO 11423-1 (w)
X 1SO 11423-2 (w)
Hydrocarbons |GC/FID or X X ISO 150009 (s)
(C10-C40) GC-MS ISO 16703
Purge and trap 150 15009 (w)
thermodersorption ISO TS 16558+2 [s)
TPHCWG
Volatiles GC/ECD X X 1S0.150009 (s)
((:8212(1)8515 Purge and trap X 1SO 10301 (w)
thermodesorption 1SO 22155 (s)
GC/ECD or head ISO 16558-1 (s)
space technique
Water-miscible solvents X [SO 22854 (W)
(e.g. ethanol] methanol,
MTBE, ETBH) [SO 22155 (W)
perfluorooctanesul- X ISO 25101 (w)
fonate (PFOY)
PAHs e.g. EPA-16 Soxhlet/HPLC/UV X X ISO 7981-2 (w)
RP C-18/HPLC ISO 17993 (w)
SO 28540 (w)
1SO 18287 (s)
Phthalates X X ISO 18856 (w)
Phenols, chlgrophenols Acetone/GC/ECD X X ISO 14154 (s)
ISO 8165-1 (w)
ISO/TS 17182 (9
Pesticides Phengxys RP C-18/HPLC/UV X X ISO 11369 (w)

1SO 11370 (w)
1SO 15089 (w)
OIMLR 112 (s)
1SO 11264 (s)

1SO 15913 (w)

1SO 27108 (w)
ISO/TS 28581 (w)
1SO 16308 (w)

b Ifavailable, (s) standard method for soil, (w) standard method for water.

NOTE There are a variety of extraction and analytical methods for water in the series of International Standards which
might be applicable. However, it is important to confirm that they work with the extracts obtained from a particular
(contaminated) soil material.

a  “X” indicates that the information or characteristic could be relevant. However, decisions about relevance should
always be made on a case-specific basis.
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Substance/groups of Applicable
Speciation Methods Soila | Watera | Soil gas International
substances
Standardb
PCB, chlorobenzenes, GC/ECD X X 1SO 10382 (s)
organocloro pesticides 1SO 6468 (w)
Chlorinated aliphatics AOX Purge and trap X X ISO 15009 (s)
X X IS0 10301 (w)
1SO 22155 (s)
ISO 9562 (w)
Triazines, phenylurea HPLC X ISQ112p4 (s)
herbjcides 1S0 15913 (w)
ISO 11369 (w)

migh|
(cont
a

alwa

NOTE

hminated) soil material.

”

b Jfavailable, (s) standard method for soil, (w) standard method for water:

There are a variety of extraction and analytical methods for water in the series.of International Standards which
L be applicable. However, it is important to confirm that they work with the extracts obtained from a particular

X” indicates that the information or characteristic could be relevant. However, decisions about relg
Vs be made on a case-specific basis.

vance should

Table A.6 — Biologic parameters

Appli¢able Inter-
General characteristic Special measurement/example Soila | Watera | natignal gtand-
ard
Micrjobial activity Mineralization of organic chemicals X ISO 14239 (s)
Biodegradationatider aerobic conditions X ISO 112666 (s)
Biodegradation under anaerobic conditions X ISO 15473 (s)
Nitrogenmineralization X ISO 14238 (s)
Ecotpxicity Inhilsition of luminescence X ISO 11348-1 (w)
X ISO 11348-2 (w)
X ISO 11348-3 (w)
Inhibition of biomass (algae test) X ISO 15799 (w)
Inhibition of plant growth (ecotoxical ef- X
fect on early growth stage)
Acute immobilization (inhibition of mobil- X ISO 6341 (w)
ity of Daphnia) IS0 15799 ()
Biolagieal pathagens X X

b Ifavailable, (s) standard method for soil, (w) standard method for water.

a  “X”indicates that the information or characteristic may be relevant. However, decisions about relevance should always
be made on a case-specific basis.
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Table A.7 — Isotopic parameters

Characteristics of aquifers

Porosity, dispersivity, transmissivity, storage, resi- 222Rn, artificial tracers

dence time, vulnerability 2,180, 3H, 3H-3He, CFCs, 14C

Quantitative parameters

Area and recharge rates 2H-180, 3H, 3H-3He, CFCs, 14C, artificial tracers
Flow 3H 3H.3He 85Ky CECs 14C artificial tracers
Interaction ¢f surface water - groundwater 2H,180, 3H, 222Rn, 87Sr/868r, artificial tracers
Interactions|between aquifers 2H, 180, 3H, 14C, 87Sr/868r, artificial tracers
Groundwater quality

Origin and spurce of contaminants Isotopes of B, C, N, S, Cl

Contaminanf transport 3H, 3H-3He,, CFCs, 14C, U/Th

Chemical and biological processes isotopes of B,C, N, S
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Annex B
(informative)

Examples of complex methods for assessing the leaching risk

B.1 General

The ¢omplex assessment approach (see Clause 8) can be summarized as follows:

— $tep 1: Calculation of dilution in the saturated zone;
— $tep 2: Calculation of dilution in the saturated zone downstream of the point source;

— $tep 3: Calculation considering dispersion, adsorption and degradatiomphenomena in the saturated
gnd unsaturated zone.

The unsaturated zone is considered only within step 3 (so this isS_not a stepwise proce¢lure for the
unsaturated zone) and without specifying how to consider it.

B.2 | Dissolved substances (inorganics and organics)

B.2.1 Considering the unsaturated zone

B.2.1.1 General

Given the complexity of the unsaturated-zone, the characterization of sites and the cglculation of
predjctable impacts of the transfer of substances could be expensive and difficult in some gituations.

However, a tiered method is proposed here. It includes several steps of modelling (steps 0] 1, 2 and 3),
from| simpler to more complextis illustrated in Figure B.1.
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Step 0 Unsaturated zone not taken into account

Estimation of the concentration reaching the
groundwater (with an attenuation coefficient)
and
Estimation of an average water flux

Step 1

=)

Increasin;

P ~O
complexify Flow and transfer in the unsaturated zone}l/Q\

with an empirical approach (Kd) %
A

Step 2 and/or

N\~
Geochemistry in unsat%a@i zone without flow

PN

O
Flow and t@shs fer in unsaturated zone with

Step 3
ep a me stic approach (geochemistry)

Y 3

Figure B.1 — Stepwise procedure for groundwater risk assessment related to the presence of
contaminants in the'unsaturated zonel22]
The choice df the step depends on the following:

— a cost/lenefit analysis, comparing-advantages brought by the modelling of each step to human and
materiall;

— costs related to the acquisition of parameters and modelling, and also to costs of eveptual
compenfsatory measures;(irécovery, containment, etc.) related to the presence of contaminantsg;

— the con‘t)lexity of the‘eontext (geological, hydrogeological, etc.) of the site;

— the issugs (economical, environmental, societal, etc.) related to the presence of contaminants in the
unsatuifated zone.

In the case wheére there is a regulatory and/or environmental constraint on the site under consideration,
such as regulatory maximum concentrations that are set at a receptor (e.g. drinking water standards),
the motivation to go from one step to the next can be the comparison of this maximum permitted
concentration with the calculated one (from the modelling): if the calculated concentration is higher
than the maximum concentration allowed, going to the next step should be considered. Even if it is
more complex and more expensive to implement, it becomes more realistic and so less potentially
penalizing in terms by reducing uncertainties. The steps are applied to the circumstances of the site
under consideration with an increasing level of detail required by the assessor in progressing through
the steps.

For all cases, when it is about quantifying the impact of the transfer of contaminants to the water
resource, the consideration of the transfer in the saturated zone is essential after the step of modelling
in the unsaturated zone.
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B.2.1.2 Step0

This first step does not take into account the unsaturated zone. Step 0 considers that the transfer
between the ground surface and the surface of the groundwater is immediate and that the concentration
in pore water, at the contaminated zone, is the same concentration reaching the saturated zone.

The pore water concentration in the contaminated area could be estimated from an analysis of the
contaminated material, from a leaching or a percolation test.

This

level 0 does not need any calculation.

[a

The
H

whet

)

\

Step
Step
conc
cont

d

whel|

B.z.l.: Step—+

¢

ass flux of contaminant F reaching the groundwater is shown as Formula (B.1):

=Cea.V

L,

is the mass flux of contaminant (ML-2T-1);
ea is the concentration in pore water reaching the groundwater (ML-3);
r is the transfer velocity (LT-1).

1 estimates the pore water concentration Cey reaching the groundwater in the s
0 but with the application of a dilution coefficient. This dilution coefficient is like
bntration in the unsaturated zone. Duringgits transfer through the unsaturate

ea = Cdissolved - dvc/dv
e
[ea is the concentratijon in the pore water reaching the groundwater (ML-3);

[dissolved iS the concentration in the pore water of the contaminated zone (ML-3);
Jve is thedthickness of the contaminated zone (L);
v is\the total thickness of the unsaturated zone (L).

ula. (B.2) is based on the hypothesis that the source of contamination has a finif
ders. that the concentration Cg, is constant, so it does not reflect the decrease of

(B.1)

hme way as
an average
1l zone, the

hminant concentration in pore water in the.¢ontaminated zone (Cgissolved) is multiplied by a factor,
given by Formula (B.2) (see Reference [23]):

(B.2)

e mass and
the source

bntration over time
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A simple analytic solution to calculate the velocity, v, of a contaminant in the unsaturated zone is given

as Formula (B.3)(see Reference [24]):

(B.3)

I
V=
60, .Rs

where

v is the average velocity of the contaminant in the unsaturated zone (LT-1);

I is thp effective annual infiltration (LT-1);

6y is the average volumetric water content in the unsaturated zone (-);

Ry is the lag effect (-).
Formula (B.B) is an approximation because it does not consider the variations gver time of the su
infiltration ¢r the spatial variations of the water content.
In the case Where the flow is homogenous, stationary and mostly conditioned by gravity, it is poq
to represent the unsaturated zone by a porous medium, totally saturated. In this case, the tra
velocity can|be estimated with the Darcy equation, considering the hydraulic conductivity at saturs
a unit hydrpulic gradient, an average volumetric water contentiand eventually a delay factor.
approximatjon can be done with the help of an analytic solution‘er’a numerical model.
Figure B.2 cpn be used to define the conditions in which theflow is mostly conditioned by gravity.

rface

sible
nsfer
tion,
This
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Definition of the flow type according to the parameters of the spill

K, criterion K_ <10°m/s 10°m/s<K_, <10°m/s K >10%m/s

q,,Criterion q..<K,ouH=0|q, >K_ ouH>0q <K ouH=0|q >K_ ouH>0|q <K ouH=0q >K_ ouH>0

sat sat sat

V_ ccriterion V. <V IV>SVIV <V |V >V IV <V |V >V |V <V |V >V

inf P inf p inf p inf p inf P inf p inf p inf p

| I -

A 4 A 4
Caplllary flow Mixed flow Gravn]y t_low
predominant predominant

Ksat hydraulic conductivity

Key

Vinf Volume of the infiltration

qinf Infiltration velocity (defined as follows: ginf approximately Vint/(Tinf * Sinf) with Tinf: duration of the infiltration
ind Sine: area of the infiltration)

H  Water pressure head

Vp  pore volume (defined as follows: Vj, approximately Sinf x ensz x € with Sinf: area of the infiltration, dys;: thickness
bf the unsaturated zone and €: total porosity)

NOTH Ksat thresholds are indicative (see Refeténce [25]) and their use is to be discussed for each sitg.

Figure B.2 — Selection of methods to characterize the main flow parameters according to the
flow typel26]

B.2.1.4 Step2
— Flow and transfer in the unsaturated zone with an empirical approach (Kj).

This appreach is about modelling flows and transfers in the unsaturated zone. The modelling of the
¢hemistry of the contaminant is simplified. The transfer of species is modelled considdring a delay
facter\which considers all the physicochemical processes (adsorption, complexation, precipitation,
¢tc), This delay factor depends on the solid/liquid partition coefficient (Kg).

An approach, simplifying but majoring in terms of impacts towards water resource, is about
modelling a contaminant behaviour, such as the one of a tracer, that is to say such as the behaviour
of a conservative substance (which does not degrade), and non-reactive (which does not react with
the host environment).This is simply translated by the consideration of a Kg equal to 0.

This step can be completed by a geochemical modelling without transfer.
— Geochemistry without flow (or “geochemistry in batch”)

Especially for metallic trace elements, before making a linked “chemical-transfer” modelling
(Step 3), a geochemical modelling without transfer (i.e. without spatial dimension) allows to test
the purely chemical part of the model. Including chemical speciation and solubility calculation, this
modelling allows to trace different graphs like:
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chemical variables (pH, Eh, etc.);

env

con

ironmental conditions (for instance diagram “Eh/pH”);

ditions.

diagrams showing the evolution of the concentration of a metallic element according to different

diagrams showing predominance ranges of different phases (aqueous or solid) according to the

diagrams showing the solubility variations of a solid phase according to the environmental

Associated with a sensibility study and comparing the results to the observations on site, this step

allows a bet

ter comprehension of phenomena governing the environmental chemistry.

B.2.1.5 St{

ep 3

Flow and transfer are modellised and chemistry is treated at a more detailed level with a.mechanistic

approach: t
(precipitati
precipitatio
dimension. |
Moreover it
physical prd

The model t
— ageoch

a transf]

Figure B.3 1
and physica

the flow

the cont
the non
the mag

the read

The models
(codes with
Neither the

he geochemical/transfer model allows to take into account the different-mecharn
n/dissolution, surface complexation, cationic exchange, surface precipitation,
h, degradation, etc.), with a spatial and eventually a temporal (tramsient condit]
Jsing such a model needs much more time and will rather be used for §ites with major is
needs a very good knowledge of the environmental conditions (chémistry, mineralogy
perties).

b use for this step needs two types of codes:
bmical code to stimulate physico-chemical reactions;
er code to simulate the mobility of the element (diffusion/dispersion, convection).

epresents a flowchart which allows to identifyxphysical functionality of the modelled
types of models. Five filters are proposed;

ring fluid phases;
aminants;

reactive transfer models;
s transfer mechanisms;
tive mechanisms.

in this flowchartat least consider the flow in the unsaturated zone with dispersive tra
ut transfer apenot retained, even in the case of a flow in a partially saturated environni
hnalytical selutions nor the geochemical codes are considered in this flowchart.

isms

co-
ions)
sues.
y and

case

nsfer
ent).
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