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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
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INTERNATIONAL STANDARD ISO 15175:2004(E)

Soil quality — Characterization of soil related to groundwater
protection

1 $cope
This [nternational Standard provides guidance on the principles behind, and main methods‘for; the|evaluation of
sites,| soils, and soil materials in relation to their role as a source of contamination ofvgroundwater and their
function in transporting, degrading and transforming contaminants. It identifies and\ lists relevapt monitoring
stratggies, methods for sampling, soil processing and analytical methods.

This [International Standard is applicable to the evaluation of the impact of ¢ontaminants on groundwater in
relatipn to

— drrinking water quality,
— ifrigation water quality,
— industrial use,

— matural base flow.

2 ormative references

The following referenced documents (are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendmentis) applies.

ISO 341, Water quality — Determination of the inhibition of the mobility of Daphnia magna Strays (Cladocera,
Crusfacea) — Acute toxicity test

ISO 9468, Water quality — Determination of certain organochlorine insecticides, polychlorinated biphenyls
and ghlorobenzenes = Gas chromatographic method after liquid-liquid extraction

ISO 4878, Water quality — Spectrometric of phosphorus using ammonium molybdate

ISO 1150-1 Water quality — Determination of ammonium — Part 1: Manual spectrometric method

ISO T150.2 A/atar arialifv/ Datarmination of ammaonim Dart 2- Aiinmatad cnactramatric m thod
T e gty = EteHHAGHOR-OaH OFHEH T=cHt—=- 1 HEtHGHE€

I
7 otOTatC oo PCGHOr

ISO 7888, Water quality — Determination of electrical conductivity
ISO 7890-1, Water quality — Determination of nitrate — Part 1: 2,6-Dimethylphenol spectrometric method

ISO 7890-2, Water quality — Determination of nitrate — Part 2: 4-Fluorophenol spectrometric method after
distillation

ISO 7890-3, Water quality — Determination of nitrate — Part 3: Spectrometric method using sulfosalicylic acid
ISO 7981-2, Water quality — Determination of six specified polynuclear hydrocarbons (PAH)— Part 2:

Determination of six PAH by high-performance liquid chromatography with fluorescence detection after liquid-
liquid extraction

© 1SO 2004 - All rights reserved 1
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ISO 8165-1, Water quality — Determination of selected monovalent phenols — Part 1: Gas chromatographic

method after

enrichment by extraction

ISO 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) and dissolved
organic carbon (DOC)

ISO 9001:2000, Quality management systems — Requirements

ISO 9562, Water quality — Determination of adsorbable organically bound halogens (AOX)

ISO 9964-1, Water quality — Determination of sodium and potassium — Part 1: Determination of sodium by

atomic absotr

ISO 9964-2,
by atomic ab

ISO 9964-3,
potassium by

ISO 10048,
alloy

ISO 10301,
chromatogra

1ISO 10382, |
method with

ISO 10390, ¢

ISO 10523, Water quality — Determination of pH

ISO 10573,
method

ISO 10693, ¢

ISO 10694,
analysis)

1ISO 11047, §
zinc — Flam

ISO 11048,

ISO 11074-1

e £ rs
O SPTUCITUTTICTT Yy

Water quality — Determination of sodium and potassium — Part 2: Determination of pota:
sorption spectormetry

Water quality — Determination of sodium and potassium — Part 3: Determingtion of sodiun
flame emission spectrometry

Water quality — Determination of nitrogen — Catalytic digestion aftef-feduction with Deva

Water quality —
bhic methods

Determination of highly volatile halogenated hydrocarbons —

Determination of organochlorine pesticides and polychlorinated biphenyls — gas chromatogr
electron capture detection

boil quality — Determination of pH

Soil quality — Determination of water.-content in the unsaturated zone — Neutron depth

boil quality — Determination-of\carbonate content — Volumetric method
Soil quality — Determination of organic and total carbon after dry combustion (eleme
Boil quality — ,Determination of cadmium, chromium, cobalt, copper, lead, manganese, nicke
b and electrethermal atomic absorption spectrometric methods

boil quality — Determination of water-soluble and acid-soluble sulfate

sium

h and

rda's

Gas

aphic

brobe

ntary

| and

and

Soil quality — Vocabulary — Part 1: Terms and definitions relating to the protectior]

pollution of t

e SOl

ISO 11074-4 Soil quality — Vocabulary — Part 4: Terms and definitions relating to the rehabilitation of soils

and sites

ISO 11259, Soil quality — Simplified soil description

ISO 11260, Soil quality — Determination of effective cation exchange capacity and base saturation level using
barium chloride solution

ISO 11261, Soil quality — Determination of total nitrogen — Modified Kjeldahl method

© ISO 2004 — All rights reserved
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ISO 11263, Soil quality — Determination of phosphorus — Spectrometric determination of phosphorus soluble
in sodium hydrogen carbonate solution

ISO 11264, Soil quality — Determination of herbicides — Method using HPLC with UV detection
ISO 11265, Soil quality — Determination of the specific electrical conductivity

ISO 11266, Soil quality — Guidance on laboratory testing for biodegradation of organic chemicals in soil under
aerobic conditions

ISO 11271, Soil quality — Determination of redox potential — Field method

ISO 11272, Soil quality — Determination of dry bulk density
ISO 11274, Soil quality — Determination of the water retention characteristic — Laboratoryimethqds

ISO 11275, Soil quality — Determination of unsaturated hydraulic conductivity and water-retention
chargcteristic — Wind's evaporation method

ISO 11277, Soil quality — Determination of particle size distribution in niifieral soil material + Method by
sievimg and sedimentation

ISO 11348-1, Water quality — Determination of the inhibitory effect of water samples on the light emission of
Vibri¢ fischeri (Luminescent bacteria test) — Part 1. Method using{reshly prepared bacteria

ISO 11348-2, Water quality — Determination of the inhibitory éffect of water samples on the light emission of
Vibri¢ fischeri (Luminescent bacteria test) — Part 2: Method-using liquid-dried bacteria

ISO 11348-3 Water quality — Determination of the inhibitory effect of water samples on the light emission of
Vibri¢ fischeri (Luminescent bacteria test) — Part-3;'Method using freeze-dried bacteria

ISO 11369, Water quality — Determination- of selected plant treatment agents — Method using high
performance liquid chromatography with-t/\/"detection after solid-liquid extraction

ISO/TS 11370, Water quality — Determination of selected organic plant treatment agents —+ Automated
multiple development (AMD) technique

ISO 11464, Soil quality — Pretreatment of samples for physico-chemical analyses

ISO 11423-1, Water quality — Determination of benzene and some derivatives — Part 1. Hegd-space gas
chromatographic method

ISO 11423-2, Water quality — Determination of benzene and some derivatives — Part 2: Method using
extraption and*gas chromatography

ISO 11466, Soil quality — Extraction of trace elements soluble in aqua regia

ISO 11905-1, Water quality — Determination of nitrogen — Part 1: Method using oxidative digestion with
peroxodisulfate

ISO/TR 11905-2, Water quality — Determination of nitrogen — Part 2: Determination of bound nitrogen, after
combustion and oxidation to nitrogen dioxide, using chemiluminescence detection

ISO 13536, Soil quality — Determination of the potential cation exchange capacity and exchangeable cations
using barium chloride solution buffered at pH = 8,1

ISO 13877, Soil quality — Determination of polynuclear aromatic hydrocarbons — Method using high-
performance liquid chromatography

© 1SO 2004 - All rights reserved 3
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ISO 13878, Soil quality — Determination of total nitrogen content by dry combustion (“elemental analysis”)

ISO 14154, Soil quality — Determination of selected phenols and chlorophenols — gas chromatographic
method

ISO 14235, Soil quality — Determination of organic carbon by sulfochromic oxidation

ISO 14238, Soil quality — Biological methods — Determination of nitrogen mineralization and nitrification in
soils and the influence of chemicals on these processes

ISO 14239, Soil quality — Laboratory incubation systems for measuring the mineralization of organic
chemicals in soil under aerobic conditions

ISO 14254, $oil quality — Determination of exchangeable acidity in barium chloride extracts

ISO 14255, $oil quality — Determination of nitrate nitrogen, ammonium nitrogen and total solable nitrogen in
air-dry soils Wsing calcium chloride solution as extractant

ISO 14256-2} Soil quality — Determination of nitrate, nitrite and ammonium in field-moist soils by extraction
with potassiym chloride solution — Part 2: Automated method

ISO 14507, $oil quality — Pretreatment of samples for determination of organic contaminants

ISO 14869-1} Soil quality — Dissolution for the determination of total element content — Part 1: Dissofution
with hydroflupric and perchloric acids

ISO 14869-2} Soil quality — Dissolution for the determination of total element content — Part 2: Dissolutipn by
alkaline fusidn

ISO 14870, $oil quality — Extraction of trace elements by buffered DTPA solution

ISO 14911, Water quality — Determination of dissolved Li*, Na*, NH,*, K*, Mn2*, Ca?*, Mg?*, Sr2* and|Ba2*
using ion chromatography — Method for water and waste water

ISO 15009, $oil quality — Gas chromatogrphic\détermination of the content of volatile aromatic hydrocarpons,
naphthaleneland volatile halogenated hydrocarbons — Purge-and-trap method with thermal desorption

ISO 15089, Water quality — Guidelines for selective immunoassays for the determination of plant treaiment
and pesticide agents

ISO 15178, $oil quality — Determination of total sulfur by dry combustion

ISO 15473: 2002, Soil quality' — Guidance on laboratory testing for biodegradation of organic chemicals i soil
under anaergbic condjtions

ISO 15799, $oil quality — Guidance on the ecotoxicological characterization of soils and soil materials

ISO 15913, Water quality — Determination of selected phenoxyalkanoic herbicides, including bentazonek and
hydroxybenzonitriles by gas chromatography and mass spectrometry after solid phase extraction and
derivatization

ISO 16703, Soil quality — Determination of content of hydrocarbon in the range Cyy to C4y by gas
chromatography

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO 20279, Soil quality — Extraction of thallum and determination by electrothermal atomic absorption
spectrometry

OIML R 112:1994, High performance liquid chromatographs for measurement of pesticides and other toxic
substances

4 © ISO 2004 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11074-1 and ISO 11074-4 and the
following apply.

31

soil
upper layer of the Earth's crust composed of mineral particles, organic matter, water, air and organisms

[ISO 11074-1]

3.2
contaminant
subsfance or agent present in the soil as a result of human activity

cf. pgllutant (3.8).
NOTEH There is no assumption in this definition that harm results from the presence of'the contaminant,

3.3
diffuse-source input

non-point-source input
input|of a substance emitted from moving sources, from sources with'a'large area or from many sources

NOTH 1 The sources can be for example cars, application of substances through agricultural practices, gmissions from
town ¢r region, deposition through flooding of a river.

NOTH 2  Diffuse-source input usually leads to sites that arevrelatively uniformly contaminated. At some [sites the input
condifions may nevertheless cause a higher local input nearthe source or where atmospheric deposition/raip is increased.

3.4
groupdwater
water which is being held in, and can usuallybe recovered from, an underground formation

3.5
hazard
property of a substance or material, or any action, which may cause an adverse effect on soil fungtions

3.6
percolating water
soil water that movesdownward in the percolating space due to gravity, insofar as it is not groundwater

3.7
point-source input
input|of a, substance from a stationary discrete source of defined size

NOTHA The sources can be stack emissions accidental spills waste dumps_spills on industrial sitek, major leaks
from sewers and other pipelines.

NOTE 2  Point-source input can cause both locally contaminated sites and relatively uniformly contaminated sites.
[ISO 11074-1]

3.8

pollutant

substance or agent present in the soil (or groundwater) which due to its properties, amount or concentration
causes adverse impacts on soil functions or soil use

NOTE Also described as those substances which due to their properties, amount or concentration cause impacts on
soil functions or soil use.

© 1SO 2004 - All rights reserved 5
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3.9

residual contamination
amount or concentration of contaminants remaining in specific media following remediation

[1SO 11074-4]

3.10
risk

expression of the probability that an adverse effect on soil functions will occur under defined conditions, and
the magnitude of the consequences of the effect occurring

3.1
saturated zd
zone of the
under consid

NOTE TH

3.12
soil functior
function of s¢

NOTE I
— control of
— vital supg
— basis for
— basis for
— buffer inh
— source of
— preserva
— preserva

[1SO 110744

3.13

soil materia
excavated s
availability of

3.14

ne

eration

il which is significant to man and the environment

portant soil functions are

matter and energy cycles as compartments of an ecosystem,

ort for the life of plants, animals and man,

the stability of buildings and roads,

pgricultural production,

ibiting movement of water, contaminants or6ther agents into the groundwater,
a gene pool,

ion of archaeological remains,

ion of paleoecological remains.

—_—

pil, dredged materials and soil treated to remove or destroy or reduce the
contaminants

e saturated zone encompasses the groundwater zone including the zone of capillary water.

Linderground, where the space of the lithosphere is filled uninterruptedly with water @t the

environnm

soil water

all water of the unsaturated and saturated zone

3.15
subsaoil

partially decomposed layer of rock underlying the topsoil and overlying the solid parent rock beneath

3.16
topsoil

time

ental

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

[ISO 11074-4]

© ISO 2004 — All rights reserved
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unsaturated zone
zone of the soil and the underground, where the space of the lithosphere is not filled uninterruptedly with
water at the time under consideration

NOTE

excluded.

4 General

The unsaturated zone encompasses the zone of percolating water with the zone of capillary water being

Soils
influg
follow

q

Soil i
gase

The
gove
all th
asse
shou
trans

Inad
in so|
asse
can |
scale
predd
sourdg
contd
that

investigation strategies with respect to groundwater impact. At present there are no uniform prin

inves
resou

mechanical filter functions (retention of suspended sludge and pollutant particles);

fransformation functions (degradation or transformation of substances):

are of centrat importance within the water cycte because their storage and fitter functions
nce on the water balance and groundwater quality. In this context, particular attention shall{;
ing functions:

hemical filter functions (sorption and mobilization of substances);

5 understood as a porous medium consisting of three phases:_the solid phase, the liquid p
bus phase. The ratio of these phases and their respective compositions vary widely in time a

hssessment of contamination affecting groundwater quality requires a profound understs

ree phases of soils as a function of the properties‘of the chemicals and the soil. Hence
Esing risks to groundwater due to soil contamination should vary with the contaminants cor
d take into account those soil properties which mainly govern the soil's filter, retention,
formation functions.

dition to considering the properties of the-chemicals and the soil governing the behaviour of
Is, different ways for contaminants to enter soils shall also be evaluated when designing
Esment strategies, with respect to~contamination of groundwater. Soil and groundwater G
e caused by different sources on different spatial scales, as indicated in Figure 1. On regior
s, soil contamination is Caused, for example, by wet and dry atmospheric depositi
minantly diffuse characteryon a moderate level of contamination. On a local scale, a va

mination may also.be regarded as off-site diffuse sources of groundwater contamination,
lifferent contamination scenarios as a function of contamination sources and scale dem

tigation and-evaluation of contaminated soils and contaminated sites in relation to the prote
rces.

ave a lasting
e paid to the

nase and the
nd space.

nding of the

ning processes and reactions of potentially toxic compounds in soils. Contaminants are translocated in

strategies for
sidered, and
release and

contaminants
suitable risk
ontamination
al and larger
on and has
riety of point

es can cause all kinds and magnitudes of soil and groundwater contamination. Most point sources of

It is evident
and different
ciples for the
tion of water
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2
N
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Major direction of groundwater flow

Example of free-phase migration of gasoline

Migration of dissolved contaminants

Figure 1 — Definition of groundwater zones and examples of sources of contamination
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Investigation strategies may be qualitative or quantitative. Qualitative approaches mostly refer to assessment
of, for example, the potential leaching risk of chemicals through the soil towards groundwater. In contrast to
quantitative approaches, the level of actual soil contamination is not taken into account. Approaches of this
type can also be utilized, e.g. to classify larger areas with respect to their capability of protecting groundwater
resources against contamination, or as an introductory 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 carried out. Laboratory measurements can include physical, chemical and biological analysis, and
leaching tests. Assessments of this kind also shall take into account natural background concentrations of a
substance and other natural conditions affecting the impact on the groundwater. Assessments of impact on

H f ﬂ' | H t | 4 H'\ l' | 4 f h hl ~ i
grou wateroften |nr\ ude—a ampr\ra aopar\ olnr\a e—actua |mpar\ may RO e-measurable ‘.t the tlme of

the irfvestigation, but may happen some time in the future.

Assepsments also depend on the purposes of investigations, for example:

— gonservation of soil functions in order to prevent groundwater contamination;
— goil and groundwater monitoring;

— 1lisk assessment;

— ¢ontrolling remediation measures.

A list|ng of suitable methods are covered in the main part of this-International Standard (see Clajise 5). Some
examnlples of assessment using principles of this International Standard are provided in Annexes A and B.

Sincg the impact on groundwater can lead to impact. 'on surface waters, this aspect can in some cases be
relevant in an overall impact assessment. This issugls not addressed explicitly in this International Standard.

5 $ite assessment

5.1 | General

A pré¢requisite for the evaluation” of the soil-to-groundwater pathway is the determination of|the relevant
physical, chemical and biolegical characteristics of soils and the hydrological characteristics of |the site. It is
therefore normally necessary to collect data for the assessment of the contamination source with respect to

compartment affecting the actual impact on the groundwater. Many processes influence the [groundwater
impagt in thisxsoil compartment, where a number of physical, chemical and biological procesgses can take
i ifi it is pecessary to
desc |be the structure of the soil compartment e.g. the geometry, hydraulrc condrtrons and natfiral chemical
v and specific
contaminants. Output is the contamlnant qux to the compartment of the groundwater zone investigated. A
general description hereof is given in Figure 2 and a further description of the relevant parameters is given
in 5.2.

© 1SO 2004 - All rights reserved 9
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2 — Schematic diagram i ating the soil compartment covered by the assessment
procedure and processes affecting the impact of contamination on groundwater

describe the relevant soil compartment include pedology, litholo
il unit), hydrogeology (e.g. permeability), physico-chemical conditions
€.g. substrate availability). How large the actual soil compartment investi
il of the investigation) depends on the type of assessment chosen. For exa
assessment focuses on the general use of pesticides and fertilizers in an

[ information need

bgical conditi
hd thus the
s large i
jround
in Ql'gated is considerably smaller if the assessment covers a “hot spot” on a contami
mﬁvater-pumping well located on a neighbouring site.

gy of
(e.g.
jated
mple,
area

r reservoir used as a drinking water source. The area and volume of the solil

hated

5.2 Relevant soil processes

Contaminant transport in the unsaturated zone is governed not only by the transport of percolating water but
also by a number of biological and chemical processes. Which of these processes are to be considered
important within a given context will depend 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.

10
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Table 1 — Soil and contaminant parameters related to different processes in soil

Process

Soil parameters

Contaminant parameters

Soil/contaminant
interactions

Mass transport of
contaminants

Hydraulic conductivity, degree of
saturation, porosity, pore size
distribution, soil water-retention
functions

Solubility, volatility, density,
viscosity

Relative permeability,
residual saturation,
wettability, surface
tension, capillary
pressure

Contaminant transport in
water:

[
[

i

dvection

Dispersion/diffusion
Density transport

Preferential flow

Pressure gradient, hydraulic
conductivity, porosity

Dispersivity, pore water velocity
Pore water velocity, soil layering

Pore size distribution, fissure size,
macropore size, connectivity

Diffusion coefficient
Liquid density

Viscosity, density, diffusion
coefficient

Viscosity|

Dispersign, change in
density

differences

Volafilization Water content, temperature, chemical- | Vapour pressute;Henry's
phase content constant
Gas-phase transport Water content, tortuosity, pressure Diffusion{goefficient

Diss

lution of organics

Hydraulic conductivity, tortuosity, water
content

Solubility, composition of
chemical phase

Diss

lution of inorganics

Hydraulic conductivity, tortuosity, watet
content

Solubility product

eontent and mineralogy, specific
surface area, non-crystalline (short-
range ordered) oxide and hydrous
oxide gels

Precipitation pH, redox, other components Solubility product,
complexation constant
Complexation pH, ligand concentration;, DOC Complexation constant
lon exchange Cation exchange capacity, ionic Valence, degree of
strength, other cations, pH hydratization
Sorption of organics pH, organic‘matter content, clay Octanol-water distribution Ageing
content andsmineralogy, specific coefficient, sorption constant
surfac€ aréea
Sorption of inorganics pH, organic matter content, clay Sorption constant Ageing

Degrpdation
Abiotic Redox, pH, temperature Presence of primary
Bictic Microorganisms, redox, substrate, pH, sut_;s.trate, dtlagradablll.ty,
N A toxicity to microorganisms
LUIII'JUIGLUIU
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, and

analytical and testing strategies

for each site and/or media (soil, groundwater, soil air) that influences the impact on the groundwater.

© 1SO 2004 - All rights reserved
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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 sail,
— the intended use of the site.

To optimize the actual need for information in relation to the costs and time demanded for the investigations in
the field and [aboratory, it is recommended to carry out the assessment in a stepwise procedure (see Tafle 2).

Table 2 — Stepwise procedure for impact assessment

Step 1 Pre¢liminary investigation, including desktop investigation, site history, potential contaminants, available
redional data on geology and hydrogeology

Defscription of local geology and pedology in moderate detail and to verify the existence of contamination

Chemical analyses to identify components and concentrations

Primary impact assessment

=

Definition of the importance of the problem, further action (e.g. site monitering, immediate clean-up, furthe
investigation or action is not necessary)

Step 2 | Exploratory investigation, including supplemental field and laboratoty.investigations to estimate extent of
solirce, specific hydraulic conditions, mobility, transformation and‘degradation and relevant reservoir
comditions

Sefondary impact assessment

Defision as to further action

Step 3 | If Necessary, main site investigations and testing in-laboratory and field of specific details (e.g. leachability
angl/or degradation), computer modelling

Teftiary impact assessment

The first stef includes a preliminary study-based on desktop investigations and limited field investigation$ with
the aim to cgrry out an initial impact assessment. This step includes estimation of the soil geometry, sojl unit
and hydrolodical conditions on the asis of general knowledge of the area, possibly supplemented with fome
field data comcerning local conditiens. The presence of contaminants of interest and their likely concentr
are estimatdd on basis of site*history and a few analyses of soil and water samples and/or sojl-gas
measuremerjts. The relevant transport and decomposition processes are approximated from data related to
the relevant |soil conditions, and contaminants retrieved from the literature. In step 1, qualitative methofls as
exemplified ih Annex A"gan be useful, as can quantitative methods described as Level 1in B.7.

If step 1 indicates/ heed for a more detailed assessment, the next step is carried out. The relpvant
investigationg ©ansisting of supplementary sampling, chemical analysis and field tests are planned oh the
basis of step - i ' ' i ; fstribution
of contaminants in the soil matrix between the different phases: the soil gas, which is bound to the sail
particles and dissolved in the soil water. The transport of contaminants in various soil types and underlying
lithologies (e.g. sand versus fractured rock) can be very different depending on their static and dynamic
characteristics (e.g. cracking soils). It is very important in step 2 to determine the dominant mechanism of
transport. For example if the transport is related to 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 be the most important process in the impact assessment. Information about the groundwater reservoir
(e.g. extent, importance for the water supply situation) in question is also relevant in this phase, to be able to
assess the severity of a potential problem. The seasonal pattern of climatic characteristics should be known in
order to evaluate seasonal trends in potential and ongoing soil and groundwater contamination. Management
practices should also be taken into account (e.g. irrigation type and quantities). In step 2, quantitative methods
as exemplified as Level 2 in B.7 may be useful.
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If the assessment still has to be improved after step 2, supplementary steps can be carried out. The content of
these following steps can consist of some of the same elements as in step 2, but with improved accuracy of
information available, e.g. by taking more samples to determine the influence of heterogeneity in the soil.
Sorption, degradation and leaching test can be carried out in the laboratory. Leaching and extraction tests can
be applied to assess the distribution of contaminants among the soil, water and geochemical phases, and to
assess the environmental impact (on groundwater in this context) and possible remediation actions.
Site-specific computer modelling of processes and groundwater flow can also be introduced as part of this
step. In step 3, quantitative methods as exemplified as Level 3 in B.7 may be useful.

It can be seen that the assessment is often an iterative procedure, each step being a more refined version of
the description of the problem and each leading to a more detailed basis for decision-making, as to the

nece-eihl of ramaodial action in the form of cita clean1in land 1co ractrictinne ate
bSHy-oH e eaaaGHoORHRtHeor -6 Shte-Greahi-HpaRadSeFeStHGHOREE16:

Characterization of soil, water and the target site will require measurement of physical, chemical and biological
proparties. Figure 3 indicates the broad areas in which measurement or description may be required

Site and soil description
see 5.4

Determine sampling strategy
and carry out sampling
see 5.5

Determine-analytical and
testing’strategies
see 5.6

Physical characterization“of Chemical characterization of | |Biological characterizatign of
soil and water soil and water soil and water
see 5.6.2 see 5.6.3 see 5.6.4

Quality assessment of data
see Clause 6

Figure 3 — Overall flow chart for assessment of soil and water

5.4 Site and soil 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 3.
ISO 11259 cited in Table 3 shall be applied. The scale at which this information should be collected, and the
degree of detail that is required, should be closely related to the objective of the investigation which primarily
depends on the anticipated nature and distribution of a contamination (see 1SO 10381-5). In the stage of
desktop investigation (Step 1 according to Table 2), gathering information about the site does not include field
work, whereas further investigation steps may necessitate more detailed field data collection. It is important to
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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 parameters indicated in Table 3 should be as
comprehensive as possible.

Table 3 — Parameters for site and soil description

Parameters Applicable
International
Standard
Landform and topography Topography, landform, land element, position, slope, ISO 11259
microtopography ,
Land use and vegetation Land use, human influence, vegetation ISO 1125‘1?
Geology and |ithology Kind of parent material, effective soil depth ISO 11259
Surface charjcteristics Rock outcrops, surface coarse fragments, erosion phenomena, 1ISO 11259
surface sealing, surface cracks, other characteristics
Soil-water relationship Surface water balance, rainfall, evapotranspiration, 1ISO 11259
groundwater recharge, presence and depth of water table, 'site
drainage, moisture conditions
Soil type/soil profile description Soil unit in regards of the classification system used ISO 11259

Sequence and depth of diagnostic horizons, kind of boundaries
Soil colour (matrix, mottling)
Organic matter

Texture, coarse elements, presence\of non-soil material,
pedofeatures

Carbonates, field-pH, electrical-conductivity
Structure, voids, fracturing) inhomogeneities
Compactness and.consistence

Total estimated ‘porosity

Roots, worm'channels, biological activity

5.5 Sampling

5.5.1 General

Before commencing any investigation, it is essential to define the objectives of the investigation aphd to
pling_strategy consistent with those objectives (see Annex A to C). Reference should be pnade
to relevant International Standards and to the guidance attached to any national criteria or standards rejating
to soil quality thiat, are to be used in the assessment of the results of the investigation. In some jurisdicfions,
there may bg adegal requirement to follow certain procedures if published criteria are to be used as the pasis

prepare a s

of the assessment.

For this International Standard, different sampling procedures may be required for pollution due to different
sources, for example diffuse sources such as

— atmospheric deposition,

— inappropriate agricultural activity,

— inappropriate reuse of waste,

— flooding by contaminated water,

14
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— road and urban runoff;

or point sources such as

— abandoned hazardous sites,

— abandoned industrial sites,

— abandoned waste disposal sites,

— abandoned potentially hazardous sites,

— elxbandoned mine workings,

— guspected hazardous sites,

— ipdustrial sites,

— \aste disposal sites,

— goil contamination caused by accidents and leakage (e.g. tank pipes).

Interpational Standards are available for sampling of percolating ‘water, groundwater and soil. Otherwise,
apprgpriate national standards or equivalent regulations should\be used.

5.5.2| Soil

If sufficient data are not already available, soil material;and/or soil gas shall be sampled at the invgstigation site.
The Ipternational Standards listed in Clause 2 on seilsampling in relation to soil quality shall be cons|dered.

5.5.3] Water

It ma(ﬁ/ be necessary to sample groundwater or percolating water at the site of investigation. The|International
Stanglards listed in Clause 2 shall be consulted and applied, where appropriate.

5.6 | Characterization of soil and water

5.6.1| General

As can be seen.in(5.1 to 5.5, the description and assessment of contaminated and uncontarminated sites
require information on soil and water characteristics. In 5.6.2 to 5.6.4, relevant parameters required for the
physical, chemical and biological characterization of soil and water are listed. Certain parampters require
meagurement in almost all situations; others only require measurement on a site- and contam|nant-specific
basig.

Principles of 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 Annexes A and B.
Qualitative assessment approaches (Annex A) require, in addition to the general site and soil description (Table 3),
selected physical (Table 4) and basic chemical parameters (Table 5) as input data. Quantitative assessment
methods (Annex B) mostly require an extended and more specific data input, in particular with respect to the
actual concentrations of potential contaminants in soils and water. Relevant inorganic and organic contaminants
are listed in Tables 6, 7 and 8.
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5.6.2 Physical parameters

A number of soil physical parameters are relevant in connection with the assessment of groundwater and
contaminant transport in the unsaturated zone (Table 4). The actual choice of parameters measured should
be based on a preliminary knowledge of site characteristics and the contaminant situation (Step 1).
International Standards listed in Table 4 shall be applied.

In order to estimate hydraulic data for the saturated zone (e.g. hydraulic conductivity, transmissivity, leakage,
etc.) pumping tests can be carried out. With this type of test, groundwater flow in the saturated zone can be
described. Water migration in the unsaturated zone can be estimated on the basis of measurements of grain
size distribution (e.g. by pedo-transfer functions/rules). However, inhomogeneities can dominate the

distribution —Hf an be
performed o
Table 4 — Physical parameters
Parameter Methods Soil? Water? Applicable
Internatignal
Standand®
Texture sieving, sedimentation X ISO 11277|(s)
Coarse matetfial sieving X ISO 11277|(s)
Presence of jon-soil material sieving X ISO 11259|(s)
Hydraulic conductivity (unsaturated and/or | Wind’s evaporation method, field X ISO 11275|(s)
saturated) methods, e.g. Guelph constaht-
head permeameter
Temperature temperature sensors X
Water-retentipn characteristics stepwise extraction(of water by ISO 11274|(s)
suction or tension
Soil water content (ex situ) neutron depthprobe, TDR X ISO 10573|(s)
Pore size disfribution estimation-from soil water- X ISO 11259|(s)
retention curves
Field capacity estimation from soil water- X ISO 11274|(s)
retention curves
Bulk density direct measurement on X ISO 11272|(s)
undisturbed soil samples,
estimation from soil water
retention curves
Infiltration ratg constant head pressure X
infiltrometer
a8 “X”indicatps that thig-information or characteristic may be relevant. However, decisions about relevance should always be mgde on
a case-specific|basis.
b If availabld, (§)standard method for soil.

5.6.3 Chemical parameters

5.6.3.1

General

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

— basic characteristic parameters (Table 5),

— inorganic nutrients/contaminants/pollutants (Tables 6 and 7),

— organic contaminants/pollutants (Table 8).

16
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In many cases, it can be useful to apply leaching/extraction tests to provide information about the release of
specified contaminants/pollutants under reference conditions, or under conditions that more closely
approximate or simulate the actual field situation under consideration. Leaching/extraction tests cover a range
of experimental procedures and systems, from simple one-soil-sample/one-extractant systems (e.g. strong
acid, weak extractant/complexing agents and water) to more sophisticated column-flow systems. Annex E
gives an overview of the different leaching/extraction types, related assumptions and examples on how to
evaluate the results of the tests. Commonly, all tests or extractions result in an eluate/leachant that may be
chemically characterized or analysed for basic parameters, inorganic and/or organic contaminants with the
analytical methods described in this subclause.

Itis |mportant that the contammant situation in the soil, both in the source zone and at the groundwater table,
ic aim of the

Befole any laboratory analysis, samples should be subjected to pretreatment (e.gy ‘ground,
comg
to IS
regar

|gat|on It should be noted that the ch0|ce of method influences the actual concentratlon m
5sessor should ascertain which methods are the most appropriate for different types of-asse

atible with the method(s) of analysis to be employed. Methods for pretreatment.shall be us
O 11464 and 1SO 14507. Some methods for extraction or analysis include their own
ding pretreatment of samples and these shall always be followed unfess there are sot

pasured, and
Esment.

gub-sampled)

ed according
fequirements
nd technical

reas@ns not to do so, in which case those reasons should be reported with theyanalytical results.

5.6.3]2 Basic characteristic parameters
A nu
conte

listed

s that effect
bl Standards

mber of so-called basic characteristic parameters (see .Table 5) influence soil processe
minant concentrations, e.g. adsorption, precipitation and*complexation. The Internation
in Table 5 shall be applied.

Table 5 — Basic characteristic parameters

Parameter Methods Soil2 Water? pplicable
International
StandardP
pH pH-eléectrode X 1I$O 10390 (s)
X 10 10523 (w)
Redgx potential Redox electrodes X X 1$O 11271 (s)
TOC Combustion 1I$O 10694 (s)
Sulfochromic oxidation 1I$O 14235 (s)
X IBO 8245 (w)
DOC Combustion after filtering (0,45 pm) X X
Orgahic carbon Dry combustion, sulfochromic oxidation X I$O 14235 (s)
Catign exchange capacity BaCl, unbuffered, X 1$0 11260 (s)
BaCl, buffered at pH 8,1 X 1I$O 13536 (s)
Carbonate content CO,-evolution X X ISO 10693 (s)
Specific electrical conductivity EC-meter X ISO 11265 (s)
X ISO 7888 (w)
Exchangeable acidity Titration X ISO 14254 (s)
a8  “X”indicates that the information or characteristic may be relevant. However, decisions about relevance should always be made on
a case-specific basis.
b If available, (s) standard method for soil, (w) standard method for water.
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5.6.3.3 Inorganic nutrients, contaminants and pollutants

Nutrients (see Table 6) 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 6 shall be applied.

Table 6 — Inorganic contaminants/pollutants — Nutrients

Nutrient, for Speciation/ Extraction methods Soil? Water? | Applicable International
example Form Standard®
Calcium X
Magnesium X
Sodium X
Potassium water soluble H,0 X ISO 996441 (w)
X ISO 9964-2 (w)
X ISO 9964-3 (w)
water soluble H,0 X X ISO 14911 (w)
Nitrogen total Dry combustion X ISO 13878 (s)
X ISO 11905-2 (w
(modified) Kjeldahl X ISO 11261 (s)
X ISO 10048 (w)
Peroxodisulfate X 1ISO 11905-1 (w
X ISO 11905-2 (w
nitrate CaCl,-extraction, dry soils X ISO 14255 (s)
KCl-extraction, moist soils X 1ISO 14256-2 (s)
X ISO 7890-1 (w)
X ISO 7890-2 (w)
X ISO 7890-3 (w)
ammonium CaCls-extraction, dry soils X ISO 14255 (s)
KCl-extraction, moist soils X 1ISO 14256-2 (s)
X ISO 7150-1 (w)
X ISO 7150-2 (w)
water soluble H,O-extraction X ISO 14255 (s)
Phosphorus total Aqua regia X X 1ISO 6878 (w)
weak extractant | Na(HCOj)-extraction X ISO 11263 (s)
Sulfur totat Bry-combustionAguaregia A 1ISO-4+54+8(s)
weak extractant |Dilute HCI X ISO 11048 (s)
water soluble H,0 X X ISO 11048 (s)

@  “X”indicates that the information or characteristic may be relevant. However, decisions about relevance should always be made on
a case-specific basis.

b

If available, (s) standard for soil, (w) standard for water.
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Metals and metalloids (see Table 7) can be contaminants or natural trace elements, that at higher
concentrations may become pollutants. The International Standards listed in Table 7 shall be applied.

Table 7 — Inorganic contaminants/pollutants — Metals, metalloids, trace elements *

Metals, metalloids Applicable International Standard®
and trace iati i
elements?® Speciation/ Extr_a ction/ SoilP | Water Extraction/ Determination
form preparation method : h
for example preparation method
method

arsenic, total X-ray fluorescence ISO 14869-2(s)

barium, HF + HCIO, ISO 14869-1(s) ISP 11047 (s)
cadnjium, pseudo-total | Aqua regia ISO 11466 (s) ISP 11047 (s)
chromium, ISO 20279 s) ISP 20279 (s)
cobat, complexing EDTA X

COPPEr, DTPA X IS© 14870 (s) ISP 11047 (s)
cyan|des, weak Diluted acids (e.g. X

iron, extractant HNO,)

lead, NaNO, X

manganese, NH,NO, X

meraury, CaCl, X

molypdenum, KCI X

nickd, H,0 X X See NOTE $ee NOTE
selerjium, See leaching test

thalliim, (Annex E)

zinc.

NOTH There are a variety of extraction and‘analytical methods for soil and soil-water in the series of International Standards which
may he applicable. However it is important tg confirm that they will work with the extracts obtained from a particular (often contaminated)
soil material.

a Can be pollutant at higher concéntrations.

b ‘X" indicates that the information or characteristic may be relevant. However, decisions about relevance should gways be made
on a ¢ase-specific basis.

¢ f available, (s) standard for soil.

5.6.3]4 Organic contaminants/pollutants
Whetreas the inorganic analyst is primarily concerned with the analysis of a defined number of ¢glements and

anions, the organic analyst is often interested in Tooking for any organic compound which may be present. In
practice, organic analyses take 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).
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The detection of “adventitious” or unexpected substances, particularly when complex mixtures of organic
chemical species are present, requires the use of analytical screening methods, such as gas
chromatography/mass 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 (PAHSs), total
petroleum hydrocarbons (TPH) and chlorinated hydrocarbons. Care is required in both the use and
interpretation of the results of such methods. Qualitative analysis is frequently carried out prior to quantitative
analysis. Class analyses frequently precede specific compound analyses.

“Total” applied to organic compounds (e.g. phenols) usually means that an analytical technique has been
employed that cannot distinguish between similar compounds: in the case of phenols, e.g. between
monohydric, dihydric and trlhydrlc compounds (|e compounds W|th one, two and three hydroxyl groups
attached to the-benzene rer—the—term—totalmay-be-misleading—perhaps—hot-alpheno san be

Many organic analyses involve extraction with an organic solvent. The solvent used and théJconditiogns of
extraction c

to be those I¢

Analyses of|soil materials for volatile organic compounds (e.g. benzene,“chlorinated solvents) presents
particular analytical difficulties. Research suggests that even under ideal<onditions of sampling, transpoft and
sample prepgration, substantial losses can occur (one study suggestedithat 50 % retention was the best that
could be achjeved). Under less than ideal conditions, almost all can be“lost. Thus use of in situ methods,[such
as soil vapoyr analysis, are likely to give a more reliable indication.of distribution and relative concentratigns of
the substandes of concern. In addition, it should be noted that"different laboratory methods (e.g. purgerand-
trap and heafl-space analysis) can give substantially different-results.

It is importgnt to recognize that organic compounds~ycan be extracted from naturally occurring organic
materials (e.p. organic matter, decaying vegetation, peat, coal) and that non-specific analyses, in partjcular
can, thereforg, give misleading results.

The listed types of organic contaminants in,Table 8 are some of the more commonly encountered, but the list
is not exhaustive. The International Standards listed in Table 8 shall be applied.
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Substance/groups . g 2 | Applicable International
of substances Speciation Methods Soil Water Standard®
Mineral oil gasoline GC/FID X X ISO 16703
diesel X X ISO 11423-1 (w)
X ISO 11423-2 (w)
Water-miscible solvents
PAH$ e.g. EPA-16 Soxhlet/HPLC/UV X ISO 13877.(s
RP C-18/HPLC ISO 7981-2 ()
Phthalates X
Phenols, Acetone/GC/ECD X ISO 14154 (§
chlorpphenols ISO 8165-1 ()
Pesticides RP C-18/HPLC/UV X X 1ISO 11369 (W)
ISO 11370 (w)
ISO 15089 (W)
immunoassay OIML R 112 (s)
HPLC ISO 11264 (s
phenoxys
GC/MS ISO 15913 (W)
PCB GC/ECD X X ISO 10382 (s
chlorpbenzenes, ISO 6468 (w
orgamochloro pesticides
Chloginated aliphates AOX purge‘and trap X X 1ISO 9562 (w
ISO 15009 (s
ISO 10301 (W)
Hydrpcarbons GC/FID or ISO 150009 (s
GC/MS, ISO 15009 (W)
purge and trap
thermodesorption
Volafiles GC/ECD ISO 150009 (s
purge and trap ISO 10301 (W)
thermodesorption, ISO 10301 (w)
GC/ECD or head
space technique
Trianizines, HPLC X
phenylureatherbicides
NOTH There are a variety of extraction and analytical methods for water in the series of International Standards| which may be
appli abteHoweveritis important-to-cor firm-that thcy withwork-with-the-extracts-obtained-from—=a particttat (bUI Italll;llatcj) soil material.

a

b

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

on a case-specific basis.

If available, (s) standard method for soil, (w) standard method for water.
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5.6.4 Biological parameters

Biological parameters are often of specific interest for groundwater contamination risk assessment because
they influence

— degradability of organic compounds in soils: The contaminant concentration at the groundwater table will
depend not only on dilution and adsorption but also on the microbial influence on degradable components.
To be able to assess this activity in both the present and future situation, information on the microbial
activity (see Table 9) in the soil in question is important.

(eco-)toxicological potential of organic compounds in the percolating soil water or groundwater: If the

evaluati ganic
compoupds, eco-toxicological investigations of the fluid phase (see Table 9) can be carriedvdut to
charactdrize the soil's inherent retention capacity analogously to physical and chemical extractipn or
leaching tests (see E.5).
The following biological parameters (see Table 9) are examples; the International Standards listed shall be
applied. For gomprehensive information, ISO 15799 shall be applied.
Table 9 — Biological parameters
Applicablg
General characteristic Specific measurement/example Sojl? Water? International
Standard
Microbial actiyity Mineralization of organic chemicals X ISO 14239 (s)
Biodegradation under aerobic conditions X ISO 11266 (s)
Biodegradation under anaerobic condifions X ISO 15473 (s)
Nitrogen mineralization X ISO 14238 (s)
Ecotoxicity Inhibition of luminescence X ISO 11348-1 ()
X ISO 11348-2 ()
X ISO 11348-3 (W)
Inhibition of bicmass (algae test) X ISO 15799 (w)
Inhibition_of‘plant growth (ecotoxical effect on X
early growth stage)
Acute immobilization (inhibition of mobility of X ISO 6341 (w)
Daphnia) ISO 15799 (w)
Biological pathogens X X
a “X” indicates that thesinformation or characteristic may be relevant. However, decisions about relevance should always be |made
on a case-spedfic basis
b If available,(s) standard method for soil, (w) standard method for water.

6 Data handling, evaluation and quality

The purpose of characterizing soil (or other media) as suggested in this International Standard is usually to
enable site assessment with respect to impact on groundwater. This International Standard provides guidance
on the types of data that might be required in an assessment, and indicates for which parameters or
procedures there are International Standards available. The assessor shall choose those parameters that are
appropriate to the task in hand.

Estimations of uncertainty are of crucial importance to risk assessments, as they provide a measure of
confidence in the site investigation data and ultimately the final outcome of the risk assessment. Uncertainties
typically concern
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— the extent to which the contaminant data from single samples are spatially/vertically representative of the
site conditions,

— the extent to which sampling techniques are adequate to ensure that a sample is representative of the
site conditions at the point where it was taken,

— the extent to which analytical data reflects the actual characteristics (concentrations, form/state, mobility,
etc.) of the contaminants present,

— the extent to which the pedological, geological, hydrogeological and geotechnical conditions at the site
are understood,

— the ways in which the contaminants may behave in the environment setting of the siteCand surrounding
reas (fate and transport issues),

— the extent to which behaviour of the receptors potentially at risk under the particular circumstances can
ffect the risk estimates,

— how the receptors can be affected by the contaminants, and what' role the different receptor
¢haracteristics plays in this.

Before any judgement can be made about impact on groundwater, the sufficiency of data to be yised shall be
evalyated. The data shall be sufficient in terms of

— Yype,

— quantity, and

— analytical/testing quality.

In thg context of data quality it is essential tQ
— define the objectives of the investigation,
— e¢stablish a sampling strategyiin terms of types of samples to be obtained, sampling locatigns, and how

gamples are to be handled’consistent with these objectives (more detailed guidance |on stepwise
gampling strategy is provided in 5.1),
— ¢stablish an analytical and testing strategy taking into account the guidance in this and gther relevant
International Standards,

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

It is pssential to have sufficient data. The confidence that can be attached to any judgemerits made, for
examnyple, through comparison with the requirements of a published standard (the requirements in such
stancards—regarding-sampling-shal-always-befollowed)-er-a-site-speetfierisk-assessment—is+neol greater than

the confidence there is in the representativeness of the data.

The assessor will need 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 is 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.
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The quality of the data to be used shall be assured by some or all of the following:
— setting formal data quality objectives (e.g. for accuracy, reproducibility, etc.);

— using standardized analytical and testing methods such as those listed in this International Standard or,
where International Standard methods are not available, those published by national standardization or
equivalent bodies;

— using laboratories accredited under ISO 9001:2000;

— using laboratories using methods accredited under regional schemes such as ISO/IEC 17025.

NOTE Often, the reports presenting the results of assessments will be scrutinized by regulators and other intefested
parties, includng the general public. It is important, therefore, that such reports are of a high technical standard byt also
take account pf the diverse and often non-technical readership. Use should therefore be made of tabular/summaries,
graphical and pther means to present the data in ways that will make the data and conclusions as easy.as'is practicdble to
assimilate and assess.
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Annex A
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Qualitative methods for assessing the potential leaching ri
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breferably on a regional or larger scale, when quantitative information about the*actual soil o
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tative assessment methods can be characterized as deterministic approaches with a modd
are based on simple empirical relations using mathematically derivéd and formalized matri
rigorously simplify the underlying physical and/or chemical processes. In contrast to
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9]). Additionally, information on(climate, hydrology and land use may be also provid
nation systems or from paper maps.
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landscape management purposes (e.g. definition of drinking-water protection zones, environmental

evaluation of the potential and actual contamination of soil to the groundwater from inorganic and organic

contaminants [e.g. fertilisers (nutrients like nitrogen), plant treatments (pesticides), treatments of sewage
sludge, compost or other organic waste material (heavy metals, organic compounds)].

In A.2 to A.4, three examples of qualitative methods for the assessment of a potential leaching risk are given

for
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inorganic reactive contaminants (heavy metals) (see A.3), and

organic contaminants (see A.4).

The examples have been selected from a set of comparable methods implemented in soil information systems
of European soil survey institutes. The methods are developed and calibrated for northern and central
European climatic and soil conditions (see [3]). The selected approaches should not be applied to different
soils and climatic conditions (e.g. subtropical and tropical regions) before calibrating them under comparable
boundary conditions. This is particularly important for reactive inorganic and organic contaminants (see [10]).

A.2 Qualifative methods for assessing the potential leaching risk — Non-reactive

!

contamin

A.2.1 Intro

Non-reactive
the speed of
in soils unde

replacer

the spesg
NOTE TH

The approac

duction

nts

percolating water. Nitrate has a relatively high potential for groundwater ¢ontamination, espg
arable land use. The following approach allows assessment of

nent rate of soil water at field capacity, and

d of translocation and retention time of non-reactive contaminants at a qualitative level.
is assessment approach considers only vertical (upward and dewnward) movement of water and solut

h consists of the following three steps shown in Table'A.1.

Table A.1 — Stepwise-approach scheme

contaminants such as nitrate or chloride migrate through soil with little retardation compared to

cially

D

Step Specification Input parameters Sensitivity to the result
1 [Replagement rate of water, ng percolating water rate, v, high
actual rooting depth, d, medium
field capacity in actual root layer, /; medium
2 | Speed|of translocation, v, percolating water rate, v, high
volume fraction (expressed as column medium
height) of water, 7,
3 Retentfion time of the.percolating water, t, |speed of translocation, Yy high
thickness of the unsaturated zone, d, medium
A.2.2 Stepll:-Assessment of the replacement rate of the soil water at field (retention) |
capacity

Through the replacement of the soil water, substances dissolved in the soil are washed out of the root layer
and are no longer available for plants. A low replacement rate thus means a high retention capacity of
dissolved substances in the actual root layer.

The replacement rate, ng, expressed in reciprocal years (@), is calculated according to the equation

ng

_hf
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where

ve s the percolating water rate, in millimetres per year;
he is the field capacity in actual root layer, expressed as height, in millimetres, of a column of water in
the soil.

In order to take into account soil-water storage, the field capacity in the actual root layer is selected as the
whole flow cross-section. It is determined in accordance with ISO 11274. For the assessment of the
replacement rate of the soil water at field capacity, see Table A.2.

Table A.2 — Assessment of replacement rate

Replacement rate, <0,7 0,7t01,0 >1,0to1,5 >1,5t025% >25
a1
Assessment Very low Low Moderate High Very high
EXAMPLE Luvisol

Actug] rooting depth, 4, = 1 100 mm
Field papacity in the actual root layer, 4 = 395 mm
Percqlating water rate, v, = 250 mm-a”'

Replgcement rate [according to Equation (A.1)]:

-1
b =220 0632
395

Assegsment: The replacement rate is very low:

A.2.3 Step 2: Assessment of the speed of translocation

The ppeed of translocation of-the percolating water, v,,, expressed in millimetres per year, underneath the
actugl root layer is given by\Equation (A.2).

_ Ve (A.2)

wher

W

1.C-is the percolating water rate, in millimetres per year;

h, is the volume fraction of water in the soil, expressed as millimetres of water column per millimetre of
soil column.
NOTE For the water content beneath the root layer soil zone, the field capacity is used as a “volume fraction” in the
calculation.

The calculation of the mean volume fraction of water should be carried out for the whole percolated space,
layer by layer.
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A.2.4 Step 3: Assessment of the retention time

If the thickness of the percolated soil volume is known and the individual layers of the different soil types are
taken into account, the retention time, ¢,, in years, of the percolating water in the percolated soil volume can
be estimated from the translocation speed according to Equation (A.3).

ty = — (A.3)
Vu
where
d, s the thickness of the unsaturated zone, in millimetres;
v, is the translocation speed of the percolating water, in millimetres per year.

The assessnjent of the translocation speed of the soil water takes place in accordance with Table A.3.

Table A.3 — Assessment of the speed of translocation

Translocgtion speed, v,
<500 500 to 1 000 |>1 000 to 1 500>4500 to 2 000 >2 000
m/a
Asslessment Very low Low Moderate High Very high

EXAMPLE Luvisol

Actual rooting|depth: 1 100 mm

Field capacity |in the actual root layer, /; = 395 mm
Groundwater gurface: 5 000 mm below land surface
Percolating water rate, v, = 250 mm-a~’

Mean volume [fraction of water, 4, beneath ‘the actual root layer [volume fraction of water of all soil horizons (1 63§ mm)
minus the valyes for the root layer from the.example in A.2.2]:

1436-395 _ 1241

hy = = =\0;318 mm/mm
5000-1100 3900
Translocation ppeed, v = \ES0_ 786 mm-a~"’
0,318

Assessment: The'speed of translocation is low.

Retention time, ¢, = % =49a

NOTE 1 The quotient calculated according to Equations (A.2) and (A.3) describes only the mass focus of a
translocation front. The flow of material moving in advance and following behind, caused by hydrodynamic dispersion,
cannot be calculated with this estimation.

NOTE 2  Preferred flow paths (e.g. macropore flow) can influence the translocation speed, depending on the location of
the substance in the soil. If the substance is lying directly on the surface (e.g. after fertilizer application), the process leads
to an acceleration of deep translocation. If the substance is principally in the soil matrix, preferred flow paths lead to a
reduction of deep translocation, because there is less water in total available for the matrix flow. The phenomenon of
preferred flow paths applies primarily to clay soils, and thus plentifully layered soils. For the estimation of the replacement
rate and the translocation speed of these soils, the mobile water content contributing to the transport can be used instead
of the field capacity.
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NOTE 3 At sites in hydraulic continuity with groundwater, capillary rise leads to a reduction in the net percolating water
rate, as part of the winter percolation is transported into the root layer again in the summer season. How far this oscillating
water movement leads to groundwater contamination through non-sorbable substances depends on whether the speed of
translocation during the winter months is sufficient to force the substance front to the groundwater table. In these cases,
the percolating water rate should be calculated separately for the hydrologic water season.

NOTE 4 Climatic site conditions (temperature) and degradation processes can influence the contaminant content in
percolating water.

A.2.5 Database

The estimation of the percolating water rate can be undertaken with the aid of nomograms, simulation models
and measuring methods (lysimeter).

The year (normal year, hydrologic year) should be taken into account as reference périod, ap percolating
water can also be produced in the summer season (regions with heavy precipitation and/or light doils). At sites
close to groundwater, the capillary rise from the groundwater should be also taken intq account.

A.3 [Qualitative methods for assessing the potential leaching risk —
Inorganic contaminants (heavy metals)

A.3.1 Introduction

A simiple qualitative approach for assessing the potential risk.to groundwater brought about by|the leaching
heavy metals from soils in the unsaturated zone is described. The method makes use of inforjnation about
soils |and their characteristics, which govern their filter\functions for selected inorganic compounds. This
information is often available in soil maps or digital soikinformation systems.

The gpproach consists of the following three steps-according to Table A.4.

Table A.4.<= Stepwise assessment scheme

Step Specification Input parameters Sensitivity to the result
1 Element-specific relative bjnding force, pH value high
b of the groundwater-fegsoil soil texture (topsoil and subsoil) mediunl
organic carbon content mediurrl\
2 Annual climatic\water balance, v, annual climatic water balance mediunl\
3 Distance to'groundwater, d, mean groundwater table very high

A.3.2 Step1: Assessment of the relative binding force of the unsaturated soil

For assessingthetetative binding force of soitmateriats i the unsaturated zonme for heavy metats, all horizons
should be taken into account down to the groundwater table (high).

The value of the metal-specific relative binding force of every horizon for a given pH can be deduced from
Table A.5. It is defined for a weakly sorbing sandy soil with a clay content below 5 % and an organic carbon
content below 1 %.

For setting the initial value of the assessment, select a minimum layer of 0,3 m thickness with the highest
relative binding force, by. For thicknesses < 0,3 m, estimate the by, from a 0,3 m layer surrounding this
horizon.

The effect of higher organic carbon and clay contents shall be taken into account for topsoil and subsail
properties separately. Topsoil shall be understood as the upper 0,3 m of a soil profile (including humus cover
of forest soils, see footnote in Table A.7).
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For topsoil properties, the relative binding force for metal ions depending on soil components at a given pH as
a threshold value can be taken from Table A.6. This value acts as an input parameter to Table A.7 (effect of
organic carbon content), to Table A.8 (effect of clay content) and to Table A.9 (effect of oxides and hydrous
oxides) for deducing values to be added to the initial value of the relative binding force, by, given in Table A.5.

The effect of average contents of oxides and hydrous oxides is already taken into account by the clay content,
since the content of oxides and hydrous oxides normally correlates strongly with the clay content. High ferric
oxide contents can be predicted from intense brown or red colouring. In this case, added values as defined in
Table A.9 are obtained.

Added values with regard to subsoil properties can be taken directly from Table A.6 (minimum horizon

thickness: 0,8
In the case qf highly swelling and shrinking soils (fissure width > 1 cm and at least in 0,5 m deep),.the 4dded
value for higl clay contents (> 45 % clay) according to Table A.8 shall be reduced by one stage-with regard to
the effect of rapid water infiltration into dry fissures. In the case of temporarily waterlogged ‘soil”conditigns, a
reduction of pne stage (1,0) is recommended.
If the sum of the values defined in Tables A.5 to A.10 for the metal in question is above 5 (“very high’), the
relative bindipg force to metal ions of the groundwater-free soil (b)) shall be rounded-to 5.
Table A.5 |— Effect of soil acidity on the relative metal binding force(5);) of sandy soils (< 5 % clpy)
with low organic carbon content (< 1'%)
Metal Relative binding force b, at pH(€aCl,)-values of
2,5to >27to | >32to | >3,7t0 | >4,2t0o | >4,7to | >5,2to | >5,7t0o | >6,2t0 | >67 to

2,7 3,2 3,7 4,2 4,7 5,2 5,7 6,2 6,7 4,0
Cd 0 0,5 1,0 1,5 2,0 2,5 3,5 4,0 4,5 4,0
Mn 0 1,0 1,5 2,0 2,5 3,0 4,0 4,5 5,0 4,0
Ni 0 1,0 1,5 2,0 2,5 3,0 4,0 4,5 5,0 4,0
Co 0 1,0 1,5 2,0 2,5 3,0 4,0 4,5 5,0 4,0
Zn 0 1,0 1,5 2,0 2,5 3,0 4,0 4,5 5,0 4,0
Al 1,0 1,5 2(0 3,0 3,5 4,5 5,0 5,0 5,0 4,0
Cu 1,0 1,5 2,0 3,0 3,5 4,5 5,0 5,0 5,0 4,0
Cr(ll1) 1,0 15 2,0 3,0 3,5 4,5 5,0 5,0 5,0 3,0
Pb 1,0 2,0 3,0 4,0 50 5,0 5,0 5,0 5,0 4,0
Hg 1,0 20 3,0 4,0 5,0 5,0 5,0 5,0 5,0 4,0
Fe(lll) 15 2,5 3,5 5,0 5,0 5,0 5,0 50 5,0 3,0
NOTE Rarihgyranges of metal binding force: 0 to < 0,5 = none, 0,5 to < 1,5 = very low, 1,5 to < 2,5 = low, 2,5 to < 3,5 = mgdium,
3,5 to < 4,5 = highr4-5-t0-5-=very-high-
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Table A.6 — Relative binding force (in terms of ranking ranges) of soils for metal ions independent

of soil composition at a given threshold pH (CaCl,)

Substrate-caused binding force?
below threshold pH by
Metal Threshold pH
organic carbon clay oxides and hydrous
oxides®

Cd 6,0 4,0 2,0 3,0
Mn 55 2,0 3,0 3,0
Ni 55 3.5 20 3,0
Co 5,5 3,0 2,0 3,0
Zn 55 2,0 3,0 3,0
Al 5,0 5,0 4,0 4,0
Cu 4,5 50 3,0 4,0
Cr (1l 4,5 5,0 4,0 5,0
Pb 4,0 5,0 4.0 5,0
Hg 4,0 5,0 4,0 5,0
Fe (I|I) 3,5 5,0 5,0

<4,5F high, 4,5 to 5 = very high.

¢ Dxides and hydrous oxides of Fe, Al, and M.

a Ranking ranges of metal binding force: < 0,5 = none, 0,5 to < 1,5 = very*low, 1,5 to <2,5 = low, 2,5 to < 3,5 = medium, 3,5 to

Above given pH-threshold value, high accumulation by oxide formation (Al, Fe, Mn) and binding of hydroxy complexes (others).

Taple A.7 — Factors for estimating the‘effect of organic carbon content (of the upper 0,3|m) on the

metal binding force based on the values defined according to Table A.6

Kind of organic | Organic carobon Binding force of organic carbon according to Table A6
[ | (mass haciof] 20 30 40 50
Sapric <05 0 0 0 0
>0;5to 1 0 0 0 0,5
>1t02 0 0 0,5 1,0
>2to4 0 0,5 0,5 1,0
>4t08 0,5 0,5 1,0 1,5
>8 0,5 1,0 1,5 2,0
Hemic 0,5 0,5 1,0 1,5
Fibric 0 0,5 0,5 1,0
a Intensity of humification: sapric: high, hemic: medium, fibric: low.

© 1SO 2004 - All rights reserved

31



https://standardsiso.com/api/?name=fde2675ad47993ffe704c9ec8ab5c287

ISO 15175:2004(E)

Table A.8 — Factors for calculating the effect of the clay content (mean of the upper 0,3 m soil) on the

metal binding force based on the values defined according to Table A.6

Clay content?®

Metal binding force related to clay content according to Table A.6°

% (mass fraction) 2 3 4 5
<5 0 0 0 0
5t012 0 0 0,5 0,5
>12t025 0 0,5 0,5 1,0

> 251045 0 0,5 1,0 1,5

> 45 0,5 1,0 1,5 2,0

a
Bibliography).
b

For each P5 % (mass fraction) of gravel or sand, the added value shall be lowered by 0,5.

Limits of flay content have been derived from soil texture classes according to German soil classification system~(see [2]

in the

Table A.9 —+ Factors for estimating the effect of higher contents of ferric oxides in the upper 0,3 m on

the metal binding force (,,) based on the values defined according to Table A.6

Effect of okides and hydrous
oxides accprding to Table A.6

Chromalvalde ratio of

Effect of higher ferric oxide contents.on 5, at Hue < 7,5 and

upto1 1.to1,5 >1,5
3 0 0,5 1
4 0 1,0 1,5
5 0 1,5 2,0

Table A.10 + Values to be added to take into.account organic carbon content and substrate of supsoil
or subgrouind (minimum depth of 0,3 m) with regard to the metal binding force (5);) based on valjes
defined-according to Table A.6

Subsoil-properties
(mass fraction)

Value to be added

> % organic carbon

1,0

> 25 % clay

1,0

A.3.3 Step|2: Climatic water balance

The effect of{th@ annual climatic water balance (v,) on the hazard to groundwater at given ranges of the

metal

binding force (b)), including all added values depending on the organic carbon and clay contents in
groundwater-free soil, is shown in Table A.11.

32
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Table A.11 — Effect of the climatic water balance (v;) on the movement of heavy metal ions in the soil
(in terms of ranking ranges) related to metal binding force

V2 Metal binding force b, (according to Tables A.5 to A.10)°

mm/a 5 4,5 4,0 3,5 3,0 2,5 2,0 1,5 1,0 0,5 0
-100to 0 0 0 0 0,5 1,0 1,5 2,0 25 3,0 3,56 4,0
> 0to 100 0 0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5
> 100 to 200 0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0
> 200 to 300 0,5 1,0 1,5 2,0 25 3,0 3,5 4,0 4,5 5,0 5,0
> 300 to 400 1,0 1,5 2,0 2,5 3,0 3,56 4,0 4,5 5,0 5,0 5,0
> 400 to 600 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,0 5,0 5,0
> 600 2,5 3,0 3,5 4,0 4,5 5,0 5,0 5,0 5,0 5,0 5,0

a c is the infiltration, expressed as the difference between annual precipitation and evapotranspiration. For agricliltural use, add

50 mm; for forestry use, reduce by 50 mm; for saturated hydraulic conductivity of 40 cm/d to 100 cm/d in the rooting zope, add 50 mm;
for 170 cm/d to 300 cm/d in the rooting zone, add 100 mm; for > 300 cm/d or cracks in the rooting zone, add 150 mm.

b Ranking ranges of the movement: <0,5= none, 0,5 to <1,5= very low, 1,6 te"<25= low, 2,5 to <|3,5= medium,
3,5 tg< 4,5 = high, 4,5 to 5 = very high.

A.3.4 Step 3: Groundwater table

Contamination of groundwater by heavy metals also depends on the length of the filter line above the
groupdwater level. Table A.12 shows the effect of the, distance to the groundwater table and tfle movement
ranking ranges on the groundwater hazard (in terms 6franking ranges).

Table A.12 — Potential groundwater contamination risk (hazard ranking ranges) of heavy metals in
relation to groundwater level (low/high)and movement ranking ranges (according to Table A.11)
in groundwater-free soil

I\t(ovement Groundwater table depth below surface
ranking range? m
(apcording to low <04 |041t0<0,8| 0,8to0<1,3 [ 1,3t0<16 | 16t0<2,0 [ 2,0t0< 3,5 >35
Thble A.11) high <0 0to<02 | 0,2to<0,4 | 04t0<0,8 | 0,8to<1,6 | 1,6t0<2,0 | >2,0
D to < 0,5 5,0 4,5 3,5 2,0 1,5 1,0 0,5
Oj5to<1,5 5,0 5,0 4,0 2,5 2,0 1,5 1,0
15t0<2,5 5,0 5,0 4,5 3,0 25 2,0 1,5
2|5 t0 3,6 5,0 5,0 5,0 3,5 3,5 3,0 2,0
3|5t0,<4,5 5,0 5,0 5,0 4,5 4,5 4,0 3,0
45105 5,0 5,0 5,0 5,0 5,0 4,5 4,5

@  Hazard ranking ranges: < 0,5 = none, 0,5 to < 1,5 = very low, 1,5 to < 2,5 = low, 2,5 to < 3,5 = medium, 3,5 to < 4,5 = high, 4,5 to

5 = very high.

A.3.5 Examples of application

NOTE Symbols used in the following examples for soil designations are in accordance with the FAO system, where
the upper case letter designates the soil horizon and the lower case letter designates a special feature of this horizon. This
system is described in ISO 11259. Symbols used for soil colours are in accordance with the Munsell colour charts, also
described in ISO 11259.
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EXAMPLE 1

Soil unit: Arenosol from glacifluvial sand (arable soil) (Northern Germany); see Table A.13

— Annual climatic water balance: + 350 mm/a [200 mm/a plus 50 mm/a (arable soil) plus 100 mm/a (saturated hydraulic

conductivi

ity k. = 200 cm/d)];

— Ap(0mto 0,3 m): S (<5 % clay), dark-grey brown (10 YR 3,5/2), low organic carbon content (< 1 %), pH 4,9;

— subsoil down to groundwater: S (< 2 % clay), brown (7,5 YR 5/3) — light grey (2,5 Y 7/2), low organic carbon content
(<1 %), pH 6,2, saturated hydraulic conductivity 4; = 200 cm/d;

— groundwater depth level (high) 2,5 m.

13 — Determination of potential groundwater contamination risk for Example 1 in A.3.|5

Table A,

Parameter Cd Zn Cu
Effect of pH (Fable A.5) 2,5 3,0 4.5
Effect of orgahic carbon? (Tables A.6 and A.7) 0 0 +0,4
Effect of soil texture (Tables A.6 and A.8) 0 0 0
Fe-oxide effe¢t (Tables A.6 and A.9) +1,0 +1,0 + 1,4
Effect of subsoil (Table A.10) 0 0 0
Binding force|in total soil, by, 8,5 4,0 =50
Effect of climate (water balance): 350 mm (arable soil) Movement ranking 2,5 2,0 1,0
range (Table A.11)
Potential groyndwater contamination risk (hazard ranking range) 3,0 2,0 1,5
according to Table A.12
Evaluation medium low low]

a Example:
fraction), the re|

ative binding force to organic carbon is 0.

in Table A.6: relative binding force for Cd to ordanic carbon: 4; in Table A.7, for <1 % organic carbon content [mass

EXAMPLE 2
— Annual ¢

— Ah(Om
saturated

matic water balance: + 350 mm/a;

Soil unit: mollic Gleysol from till'(grassland) (Southern Germany); see Table A.14

0 0,3 m); clayey loam (35 % clay), dark brown (7,5 YR 2,5/4), high organic carbon content (3 %), pH 5,1,

hydraulic condugtivity &; = 30 cm/d;

— Go (0,31 to 0,5 m):)sandy loam (20 % clay), red brown (5 YR 4/6), low organic carbon content (<1 %), pH 5,1,

saturated

hydraulic conductivity &; = 10 cm/d;

— Gr(>05

m)..sandy loam (20 % clay), green grey (5 BG 6/1);

— groundwater level (high): 0,42 m.

34
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Table A.14 — Determination of potential groundwater contamination risk for Example 2 in A.3.5

Parameter Cd Zn Cu
Effect of pH (Table A.5) 2,5 3,0 4.5
Effect of organic carbon (Tables A.6 and A.7) +0,5 0 +1,0
Effect of soil texture (Tables A.6 and A.8) 0 +0,5 +0,5
Fe-oxide effect (Tables A.6 and A.9) 0 0 0
Reduction for temporary waterlogging -1,0 -1,0 -1,0
Effect on subsoil (Table A.10) 0 0 0
Bindipg force in total soil, by, 20 25 5,0
Effed of climate (water balance): 350 mm (grassland) according to 4,0 3,5 1,0
movegment ranking range (Table A.11)
Potential groundwater contamination risk (hazard ranking range) according 5,0 5,0 5,0
to Taple A.12 (groundwater level at 4 dm to 8 dm below surface)
Evaltyiation very high very high very high
A.4 (Qualitative methods for assessing the potential leaching risk —
Organic contaminants
A.4.1 Introduction
For assessing the potential leaching risk in soils moderately contaminated by organic compounds|, a method is
presgnted which considers and evaluates the essentjal processes which organic compounds undergo in the
soil gcosystem. It should not be used in case of peint-source contamination caused e.g. by accidents, landfills
and geep hazardous abandoned sites. However, it may be used as a helpful means in the| selection of
sampling points for soil analyses in the casé-of large areas, in evaluation of soil clean-up actities and saoil
protegtion.

a)

The Iasic processes which organic contaminants undergo in soil can be grouped into three steps

1) to organic carbon;covered by the Freundlich K- value of a compound,

inding step

) to clay minerals and/or Fe/Mn oxides, covered by the Freundlich K4 value of a compou
the clayieontent and expressed as K,y
) effect of pH on the binding constant.

Elimination step

nd, related to

b) |

1) chemico-biological degradation, aerobic/anaerobic, covered by 90 % elimination,

2)

c) Water movement step

1) infiltration, dependent on the water balance of site,

2) depth of groundwater.

volatilization, determined for wet soils by the Henry constant or for dry soils by the vapour pressure.

These three process steps promote each other, but may have also an inhibitory effect. Strong binding, for
example, generally inhibits degradation, infiltration and volatilization. However, highly bound compounds can
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also be mobilized by dissolved humic acids or solubilizers (e.g. tensides, solvents). It is clear that the

properties of the element mainly determine binding, elimination and mobility in soil.

This assessment procedure should allow coverage of the site-specific characteristics, depending on pollutant
properties, by following the steps given in Table A.15.

Table A.15 — Stepwise assessment scheme

Step Specification Input parameters Sensitivity to the result
1 Binding stage (b,) of the pollutants adsorption constant KoC/KcIay high
pH value low
soil texture (topsoil and subsoil) medium
organic carbon content high
2 |Elimination stage (e,) of the pollutants degradation high
temperature medium
volatilization medium
3 Movement ranking range annual climatic water balance high
Risk @f groundwater contamination (hazard mean groundwater table very high
rankirjg range)

A.4.2 Properties and behaviour of organic chemicals in soils

A4.21

Binding rank
Freundlich e

Binding ranking ranges

ing ranges are given as a function of sorption coefficient K, or K, (or Ky according to the
uation) of organic carbon or clay (liquid/solid ratio of 1 to 2 up to 1 to 5).

Binding
ranking?

K

Sorption coefficient

clay

oC
I-kg™

I-kg™

0

<1

<0,5

1

1to 100

0,510 50

100 to 300

50 to 150

300 to 1 000

150 to 500

1 000 to 10 000

500 to 5 000

2
3
4
5

> 10 000

> 5000

36

NOTE

pH effect + or —, binding increases with increasing or
decreasing pH; pH value 0 = no effect on binding.

a8 0 = practically none, 1 = very low, 2 = low, 3 = medium to high,
4 = high, 5 = very high.
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A.4.2.2 Degradation ranking ranges

Data
apH
form

A4.2

ISO 15175:2004(E)

Degradation | Time for ~ 90 % degradation
ranking? of parent compound
1 > 3 years
2 1 year
to<3ans
3 18 weeks
to <1 year
4 6 weeks
to < 18 weeks
5 < 6 weeks

a 1 = very low, 2 = low, 3 = medium to high,

4 = high, 5 = very high.

of 5,5 to 6,5 and a mean air temperature of 11 °C to 16 °C). Note that some of the organic
foxic degradation products.
.3 Volatilization ranking ranges
Volatilization W?t solls Dry soils
ranking? (Henry's constant) (vapour pressure)
9 (dimensionless) hPa

1 <4% 1076 < 0,001

2 45100t04 x 1074 0,001 to 100

3 4 x 1074 t0 0,04 100 to 500

> 500 (in this case the
4 > 0,04 volatilization rank was put
in brackets)
a 1 = very low, 2 = low, 3 = medium to high, 4 = high.

on degradation apply to reference arable land (wet, loamy topsoil with T % to 2 % organic carbon content,

contaminants

When Henry's,cofnstant is not available, the vapour pressure of the pure substance, in hectopasgals at 20 °C

to 25

If prg

°C, may-be used.

hat ™D+ 2 A ag O BN

perties of the compounds are classified between two rankings, the mean of both should

t|>e used (e.g.

ranki

9 = (U U give oS 5977

The behaviour of different chemicals in reference agricultural soils is shown in Table A.16. Modifications as a
result of deviating site conditions should be predicted. The reliability of the statement in Table A.16 thus
mainly depends on the state of knowledge about the behaviour of the different chemicals in reference
(benchmark) soils. Predictions as to the binding and degradation in topsoil as well as to the volatilization from
topsoil and contaminants mobility are essential with regard to the assessment of the potential groundwater
pollution risk.

The classification of the organic substances to binding, volatilization and degradation ranking ranges is based
on references [4], [8], [10], [11] and [12].
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Table A.16 — Ranking ranges of key parameters determining the behaviour of organic chemicals

in soils
Binding ranking pH effect | Degradation ranking | Volatilization
ranking?
Substance groups by . by clay aerobic | anaerobic

organic

carbon
Acyclic compounds (especially halogen derivatives)
1 | Dichloromethane (DCM) 1 1 0 3to4 2 4
2 [Trichlororhethane (chloroform) 1to 2 2 0 2t03 1to2 4
3 | Tetrachlofomethane (Tetra) 1t02 2 0 1 3 4
4 |1,2-Dichlgroethane 1 2 0 3 2 3
5 [ Monochlgroethene (vinyl chloride) 1 1 0 4 4 4
6 [ Trichlorogthene (Tri) 2 1 0 3 2 4
7 | Tetrachlofoethene 1t02 1 0 3 2 4
Carbocyclic pompounds (especially benzene derivatives)
8 |Benzeng 1to2 1 0 3 2 4
9 | 1,2-Dichlorobenzene 3to4 2 0 2 2 4
10 [1,2,4-Trighlorobenzene 3 1to2 0 2t03 1to 2 4
11 | Phenol 1to2 1to2 X 2 4 1to02
12 | 2,5-Dichlorophenol 2t03 2 - 3 4 2
13 |2,4,5-Tri¢hlorophenol 3 1t02 - 4 4 2
14 | Pentachlprophenol (PCP) 3to4 2 - 3 2t03 1
15 [ Aniline 1t02 1 + 4t05 4 1
16 | 4-Chlorogniline 3 2t03 + 2 2 2
17 | Toluene Nto 2 1 0 4 2t03 4
18 | Toluiding 2t03 1 + 2 1 1
19 | Xylene 2t03 2 0 4 3 4
Polycarbocyglic compounds
20 | Naphthalene 4 2 0 3to4 1 3
21 [ Naphthylamine 4 3 + 2 1
22 | Anthracgne 4t05 3 0 3 1 2
23 | Phenanthrene 4t05 3 0 3 1 2
24 | Pyrene 5 3 0 1to02 1 2t03
25 | Benz[a]pyrene 5 3 0 2 1 2
26 | Dibenz[a,h]anthracene 5 3 0 2 1 2
27 | Fluoroanthene 5 2t03 0 1to2 2 1

38
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Table A.16 (continued)

Binding ranking pH effect | Degradation ranking | Volatilization
ranking?
Substance groups by ' by clay aerobic | anaerobic
organic
carbon
28 | 2,2"-Dichlorobiphenyl (DCB) 5 3 - 4 2 (2)
29 [2,4,5-Trichlorobiphenyl (TCB) 5 3 - 2t03 2t03 2
30 [2,2°4,5,5 -Pentachlorobiphenyl 5 3 — 1 1 2
PCB)
31 [ Hexabromobiphenyl 5 3to4 - 1 1 2
32 | 4,4 -Diaminobiphenyl (benzidine) 3 4 + 2 1 1
Heterocyclic compounds
33 | Pyridine 1 2 + 4to 5 3 3
34 | R,3,7,8-Tetrachlorodibenzo-p-dioxin 5 3 0 q 1 1(2)
TCDD)
35 | Pctachlorodibenzo-p-dioxin (OCDD) 5 3 0 1 1 1t02
36 [[1,2,3,7,8-Pentachlorodibenzofuran 5 3 0] 1 1 1(2)
PCDF)
Oil r¢fining products
37 ||Petroleum 3to4 3 0 2 1 1
38 ||[Kerosene 3to4 3 0 4 3 1
39 ||Diesel and light oil 3to4 3 0 4 3 2t03
40 ([Heating oil 3tod 3 0 4 3 2
Carbocyclic compounds (with aliphatic side ehains)
41 ([Benzene-o-dicarboxylic acid 1to2 1 - 4 4 4
(phthalic acid)
42 ||Linear alkylbenzene sulfonate)(LAS) | 3to 4 1 - 4 3 )
43 ||Nonylphenol 2t03 2 -) 4 2t03 (3)
44 |[Diethylhexyl phthalate (DEHP) 4105 3to4 0 3to4 2 1
45 |[Dibutyl phthalate<(DBP) 3to4 2 0 4 3 2
Carbocyclic compounds (as carbon acids and derivatives)
46 |(|Acrylamide 1 1 =) 4t05 4 (2)
47 |[Nitrilotriacetic acid (NTA) 2t03 1 - 4 3to4

NOTE Alphabetical order of substance groups:

Acrylamide 46, Aniline 15, Anthracene 22, Benzidine 32, Benzene 8, Benzopyrene 25, Chloroaniline 16, Chloroform 2, DBP 45, DCB 28,
DEHP 44, Dichlorobenzene 9, Dibenzopyrene 26, Dichlorophenol 12, Dichloroethane 4, Dichloromethane 1, Diethylhexyl phthalate 44,
Fluoroanthene 27, Diesel 39, Hexabromobiphenyl 31, Kerosene 38, LAS 42, Naphthalene 20, Naphthylamine 21, Nitrilotriacetic acid 47,
Nonylphenol 43, NTA 47, OCDD 35, Petroleum 37, Phenanthrene 23, Phthalic acid 41, Pentachlorophenol 14, PCB 30, PCDF 36, Phenol 11
Pyridine 33, Heating oil 40, Tetrachloroethene 7, Tetrachloromethane 3, Toluene 17, Toluidine 18, Trichlorobiphenyl 29, Trichlorobenzene 10,
Trichloroethene 6, Vinyl chloride 5, Xylene 19.

@  Ranking ranges: 0 = none, 1 = very low, 2 = low, 3 = medium to high, 4 = high, 5 = very high
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A.4.3 Step 1: Prediction of binding

The binding force of organic substances related to the organic carbon content in the main rooting zone of a
soil (upper 0,3 m) is classified according to Table A.17. The binding force related to clay content (Table A.18)
can be derived on the basis of the average soil type. The effect of the degree of decomposition of peat or
organic matter covers should be taken into account. Binding by ferric oxides can also be obtained from the soil
type, as their content mostly correlates with clay content. It applies for clay minerals with a high illite content
(> 25 % of the clay content). In case of a higher bentonite content, an increase of 0,5 in ranking ranges is
appropriate. Soils containing higher amounts of kaolinite shall have the range reduced by 0,5.

The binding ranking range for topsoils should be increased by 1,0 if subsoils exhibit horizons with a very
strong, clay-i i i i nop ; ; d (or
increased) binding due to a low (or high) pH value according to Table A.19, a reduction (or addition) acedrding
to Table A.19 shall be made for the binding force related to organic carbon and to clay.

The ranking fange of total binding is then characterized by the sum of the binding rankings rélated to organic
carbon and/gr to clay. The values obtained should be between 0 and 5 (if values above. 5 or below P are
calculated, 5[ or 0 shall be applicable): 0 is understood to mean “no binding to very low binding”, whergas 5
means “extrgmely strong binding” (see assessment Table A.19).

Table A.17 +— Binding ranking range (b, or stage of the K- value) of organic chemicals in soils re|ated
to the organic carbon content of mineral soils and to the decomposition degree of peats
(mean value of the upper 0,3 m)

Organic Binding ranking® related to organic carbon content according to Table A.16
c(:)al:tt)e%?a 1,0 1,5 2 2,5 3,0 3,5 4,0 4,5 5lo
%
<05 0 0 0,5 150 1,5 2,0 2,0 215
0,5t01 0 0,5 1,0 1,5 1,5 2,0 2,5 3[0
>1to02 0 0,5 1,0 1,0 2,0 2 2,5 3,0 35
>2to4 0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 410
>41t08 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 415
>8 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5)0
a In case df low amaints decomposedrorganic matter (fibric), reduction of 1,0 for all binding ranking ranges; for medium ampounts
decomposed ofganic matter (mesic), reduetion of 0,5 for all binding ranking ranges.
b Ranking fanges: < 0,5 = none, 0;51to < 1,5 = very low, 1,5 to < 2,5 = low, 2,5 to < 3,5 = medium, 3,5 to < 4,5 = high, 4,5 to 5 F very
high.

Table A.18 — Binding ranking range (b, or ranking range of the Kclay) of organic chemicals in sqils
related to the soil type (mean soil texture of the upper 0,3 m)
Soil texture (elay Binding-ranking?related-to-clay-content-aceording toFable- A-16—————

% (rﬁgs";‘:r’;‘c’ﬁon) 10 15 2 25 3,0 3,5 4,0 45 5,0
<5 0 0 0 0,5 1,0 1,5 2,0 2,0 2,5
5t012 0 0 0,5 1,0 1,5 2 25 3,0 3,0
>1210 25 0 0,5 1,0 1,5 2,0 25 3,0 3,5 4,0
> 251045 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5
> 45 1,0 1,5 20 2,5 3,0 3,5 4,0 4,5 5,0

a Ranking: < 0,5 = none, 0,5 to < 1,5 = very low, 1,5to < 2,5 = low, 2,5 to < 3,5 = medium, 3,5 to < 4,5 = high, 4,5 to 5 = very high.
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Table A.19 — Additions or reductions for consideration of the pH effect on the binding ranking range
(b,) of organic chemicals in soils

pH effect according to Table A.16 pH > 6,5 pH 6,5 to 5,5 pH 5,5t0 4,0 pH < 4,0

+ +0,5 0 -0,5 -1,0
- -05 0 +0,5 +1,0

A.4.4 Step 2: Prediction of degradation and volatilization

The intensity of degradation essentially depends on temperature The degradation of the substances
classjfied according to Table A.16 is derived, as defined in Table A.20, from the mean tempgrature of the
year's summer period. In case of contamination outside the vegetation period, the annual mean| temperature
is used as the degradation usually extends up to the next summer. The highest achievable ranking range of
the predicted elimination is 5.

Table A.20 — Elimination of organic chemicals in soils in terms of ranking ranges (¢o) relpted to the
mean or annual air temperature (as a measure of soil heat)

Degradation ranking® Mean temperature of the vegetation Annual temperature
(according to Table A.16) peor(i;od °C

>26 | 21 16 6 0 | X160 | 12 9 6 3 0
1,0 2,0 1,5 1,0 0,5 0 1,5 1,0 0,5 0 0 0
1,5 2,5 2,0 1,5 1,0 0,5 2,0 1,5 1,0 0,5 0 0
2,0 3,0 2,5 2,0 1,5 1,0 2,5 2,0 1,5 1,0 0,5 0
2,5 3,5 3,0 2,5 2,0 1,5 3,0 2,5 2,0 1,5 1,0 0,5
3,0 4,0 3,5 3,0 2,5 2,0 3,5 3,0 2,5 2,0 1,5 1,0
3,5 4,5 4,0 3,5 3,0 2,5 4,0 3,5 3,0 2,5 2.0 1,5
4,0 5,0 4,5 4,0 3,5 3,0 4,5 4,0 3,5 3,0 2,5 2,0
4,5 5,0 5,0 4,5 4,0 3,5 5,0 4,5 4,0 3,5 3,0 2,5
5,0 5,0 5,0 4,5 4,0 3,5 5,0 4,5 4,0 3,5 3,0 2,5

a Ranking ranges: < 0,5 s none, 0,5 to < 1,5 = very low, 1,5 to < 2,5 = low, 2,5 to < 3,5 = medium, 3,5 to < 4,5 = high| 4,5 to 5 = very
high.

b n case of semi-drid.and arid climatic conditions with water deficiency, reduction of 0,5 and 1,0 respectively.

The effect\of volatilization according to Table A.16 on the total elimination is taken into accoumt by a value
addefl@s defined in Table A.21.

Table A.21 — Values added to the elimination ranking range (e,) for consideration of the effect
of possible volatilization

With volatilization according to Table A.4.2 1 2 3 4
Monthly average temperature > 10 °C or long presence? in the upper soil layer 0 0,5 1 1,5
Monthly average temperature < 10 °C or short presence? in the upper soil layer 0 0 1 1,5

a Presence of compound in the soil (90 % degradation): long: > 1 year, short: < 1 year according to Table A.16.
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A.4.5 Step 3: Prediction of leaching

After predicting the binding and elimination ranking range in the upper soil layer (the groundwater-free soil), an
estimation of the relocation of the compound and the probability of a groundwater input in subsoil by infiltration
using the climatic water balance (v;) of the site and the groundwater level should be carried out.

In case of retardation by clay (> 17 % clay) or organic matter layers (> 2 % organic carbon) in the subsaoil,
movement rankings should additionally be decreased by 0,5 or 1,0 ranking respectively (minimum horizon
width: 0,3 m). If relevant horizon widths are > 0,8 m, movement ranking shall be decreased by 1,5.

According to Table A.22, the probability of a groundwater input therefore results from the movement of
chemical comppeunds-aspredicted-aceordingto—Ttable-A23and-from-the-groundwatertevel—-ndicates—q very

low probability, 5 a very high probability.

Table A.22 — Effect of climatic water balance (v.) on the movement of organic substances; (in terms of
ranking ranges) related to the binding (5,) and elimination (¢,) ranking ranges (according to
Tables A.18 and A.20)

v Ranking range for binding and elimination [(bg + eg)/2]
mmiyear (available amount in the upper layer)
5t04,5 <4,51t03,5 <3,5t025 <25t01,5 $1,5t00,5 < 0,5 to|0

-100to 0 0 0 1,0 2,0 3,0 4,5
> 0to 100 0 0,5 2,0 3,0 4,0 5,0
> 100 to 200 0 1,5 2,5 3,5 4,5 5,0
> 200 to 300 0,5 2,0 3 4,0 4,5 5,0
> 300 to 400 1 25 3,56 4,5 5,0 5,0
> 400 to 600 1,5 25 3,5 4,5 5,0 5,0
> 600 2,0 3,5 45 5,0 5,0 5,0

a v, is the ipfiltration expressed as difference between anaqual precipitation and evaporation. For agricultural use add 50 mm/year to
the range given, for forestry use subtract 50 mm, for saturated hydraulic conductivity of 40 cm/d to 100 cm/d in the rooting zone add
50 mm, for 100|cm/d to 300 cm/d in the rooting zone add 100 mm, for > 300 cm/d or cracks in the rooting zone add 150 mm.

Table A.23 — Potential groundwater contamination risk (hazard ranking) of organic chemicals jn
groundwater-free soil as a function of the groundwater level (high, low) and the movement ranking
range (according to Table A.22)

Movement Hazard ranking range?
rg‘:g;ﬁ%vzzzgre Groundwater level
table depth m below surface
m below sufface
(according toTTable low <04 104to<08 ] 08to<13 |13to<16 | 16t0<20 | 20to<3.5 >13,5
A.22) high 0 0to<0,2 0,2to<0,4 | 04t0<0,8|08to<1,3 | 1,3t0<20]| =20
0to<0,5 5,0 4,5 3,56 2,0 1,5 1,0 0,5
0,5t0<1,5 5,0 5,0 4,0 2,5 2,0 1,5 1,0
1,5t0<2,5 5,0 5,0 4,5 3,0 25 2,0 1,5
25t0<3,5 5,0 5,0 5,0 3,5 3,56 3,0 2,0
35t0<4,5 5,0 5,0 5,0 4,5 4,5 4,0 3,0
45t05 5,0 5,0 5,0 5,0 5,0 4,5 4,5

@  Ranking ranges: < 0,5 = none; 0,5 to < 1,5 = very low; 1,5 to < 2,5 = low; 2,5 to < 3,5 = medium; 3,5 to < 4,5 = high; 4,5 to 5 = very
high.
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A.4.6 Examples of application

Table A.24 gives an example, using tetrachloroethene as contaminant, to apply the evaluation scheme on a
contaminated site, assuming a Luvisol (grassland) with 1,6 % organic carbon content and 9 % clay content in
the upper layer and a pH of 8,2. In the deeper soil layer, a clay horizon of width 0,4 m with a clay content of
19 % is present (mean annual temperature: 8,2 °C, climatic water balance 250 mm, depth to the groundwater
>10 m).

As a field investigation under these site and application conditions (application rate 750 mg tetrachloroethene/m?)
shows, traces of tetrachloroethene have reached soil depths of 70 cm within a few weeks. Because of the very
deep groundwater table, negligible risk of ion contamination of groundwater could be identified at this site. If the

grou
differ
grourn

bnt soil types and organic compounds were carried out, and revealed good agreement with
dwater contamination risk.

dwater table were ZUU Cim deep, contamination or groundwater woulda bDe possible. Sseveral Tl

Table A.24 — Scheme for evaluation using tetrachloroethene and Luvisol as an exa

Id tests with
the predicted

mple

Estimation of binding (step 1)

— or] organic carbon (according to Table A.16: 1 to 2, 1,6 % organic carbon, according to Table A.17) 0,5
— or clay (according to Table A.16: 1,9 % clay content, according to Table A.18) 0,0
— pHl influence according to Table A.16 (pH 8,2, according to Table A.19) 0
Binding ranking range (b,) 0,5
Estimation of degradation (step 2)

— aegrobic (according to Table A.16: 3), influence of temperature (annual temperatures 8,2 °C) according 2,0
to Table A.20

— influence of volatility according to Table A.16: 4 and Table A.21 (temperature < 10 °C) 1,5
Elimipation ranking range (e,) 3,5
Predjction of leaching (step 3)

— mpvement ranking ranges according to Table A.22 [v.: 250 mm, (b, + ¢,)/2] 4.0
— refuction for retardation layer in theisubsoil -0,5
Movgment ranking range 3,5
Pred|ction of potential groupndwater contamination

— grpundwater hazard.ranking depending on groundwater level (according to Table A.23) 3,0
Evalpation of potential groundwater contamination risk (hazard ranking range) medium

imterpretation of this example, no point-source contamination of the site (e.g. by accident or

by direct and

is als
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Q

Annex B
(informative)

uantitative methods for assessing the actual leaching risk

B.1 Introduction

Investigationp of contaminated sites are usually only carried out where contamination is expected.
guidance given in ISO 10381-5 can be used. The area of interest (see Table 2) may provide elements-fo

a basis for d

In the secon
contaminatio
necessary t
determinatio
are given in
given in Tabl

If evidence d
then initial ¢
groundwater
substances i
with contami

Evaluation d
assessment

the groundwdater and of the contact groundwater.

Within the fr.
transferable

B.2 Subst

B.2.1 Intro|

For the estinpation of concentrations of substances in percolation water, any of the following approache

be used:

direct in

duction

cision-making and for determining if a site should be remediated.

| step, a desk-top investigation should be commenced (see 5.2), e.g. to collate information

h hot-spots and the range of expected contaminants. If this proves inconelusive, it ma
b determine contamination hot-spots during an orientated investigation. This include
h of total and pseudo-total concentrations of substances. The relevant:meéthods of determin
Table 7 for inorganic contaminants/pollutants; for organic contaminants/pollutants, method
e 8.

f increased concentrations of contaminants can be deduced ffom the orientated investiga
athway-specific investigations are necessary (similar to)preliminary evaluation of imp3
. The risk of groundwater contamination in general can’be derived from the concentrati
h soil water. Soil water is considered to be percolation’ water, or groundwater directly in cg
hated soil (contact groundwater).

f the exposure pathway of soil to groundwater within the framework of a first-stagg

requires evaluation of the concentration aofysubstances in the percolation water which will

bmework of a detailed investigation, it may be necessary to consider in addition the volum
Eubstance, potentially mobile fractions and other parameters.

ance concentration-in soil water

estigation of soil water;

hus,
'ming

hbout
y be
b the
ation
S are

tions,
ct of
bn of
ntact

risk
enter

es of

5 can

estimation of concentrations in soil water based on soil investigations;

estimation of concentrations in soil water based on groundwater investigations.

B.2.2 Direct investigation of soil water

The direct investigation of concentrations in percolation water requires sampling of soil percolation water by
suitable means, e.g. suction devices to obtain soil water in situ. Application of this method can encounter the
following problems:

44

insufficient water to be sampled from the unsaturated zone;
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— sorption effects, depending on the material of the device used;
— undefined spatial zone sampled by the method;

— high sampling frequency required to evaluate efforts to determine variability of the soil and concentrations
of substances.

B.2.3 Estimation of concentrations in soil water based on soil investigations

To avoid problems caused in the direct investigation of concentrations of soil water as described above,
investigation of the contaminated soil matrix can be undertaken. This requires methods which are as accurate
as pgssible to confirm the natural soil solid/solution ratio. The soil saturation extract is considered to be useful
since it has been validated for the determination of salt contents in soils.

The methods given in Table 7, which describe mobile/mobilizable contents of heavy, tnetals anfd other trace
elements (complexing/weak extractant/water soluble), have a greater solid/liquid ratie and/or ds a result of
highgr ionic strengths, and in the presence of complexing agents an increased patential to releas¢ elements in
tracep. Therefore, concentrations determined on this basis tend to overestimate the real content of trace
subsfiances in soil percolation water.

In addition to the above-mentioned batch methods, the soil solution cah“also be obtained by dising column
tests|(see Annex E). These methods are especially applicable for organic contaminants.

B.2.4 Estimation of the concentrations of substances in soil water based on groundwater
invegtigations

Undgr constant conditions and known volumes of percolation water and groundwater flow, the cIncentrations
in the soil water can be estimated from concentratiofis in the groundwater by following the hydraulic gradient
downstream from the location of contamination.

The felevant data needed to draw a conclusion can only be obtained if the hydrogeological site gonditions are

not tpo complex. Moreover, this methodisidsually not sufficient to provide the local differentiatipn necessary
for rgmediation measures.

B.3 |Detailed investigation
If it i suspected from the-preliminary investigation that contamination of the groundwater (see 5J2) cannot be
excluded, supplemental’sampling and testing shall be carried out in order to estimate mobility and degradation
of coptaminants. ISO\10381-5 should be consulted.

In addition, B.4 to0'B.7 should be considered.

B.4 |Volume of transferable substances

To evaluate the risk of groundwater contamination, it may be necessary to determine substance volumes
entering the groundwater. Therefore it is necessary to consider not only the concentration of substances, but
also the volume of percolation water and the relevant soil area. In a first step, the net percolation rate,
averaged over one year, can be determined as climatic water balance. The relevant site parameters are given
in Table 3.

Depending on the specific site conditions and the substances under consideration, it may be necessary to
determine the percolation rate and the corresponding substance concentrations at a higher resolution with
respect to aspects of time and space.
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izable contents

To estimate medium- and long-term inputs into the groundwater (beyond the temporary consideration of
substance concentrations in the percolation water), the methods of varying extraction strength given in

Tables 6 and

7 are suitable.

B.6 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. If suitable

data are not

B.7 Mode

B.7.1 General

The assessr
different leve
assessment
between the

The first two
Level 3 is le
sorption and
The principle

Level 1:
under th

Level 2:
groundw
groundw

Level 3:
groundw
groundw

B.7.2 Level 1

This level of
in the unsat
groundwater
appropriate,

hvailable, additional substance-specific degradation experiments may be necessary.

|-based risk assessment of a groundwater pollution

hent of a groundwater pollution risk resulting from a given soil pollutien can be perform
Is of complexity. The more data available, the more processes can be taken into account in
model. In the following example, a stepwise procedure is introduced to optimize the ba
available data and the number of processes used in the model.for the risk assessment.

levels are simple conservative methods that can be used \where only sparse data are avai
bs conservative and demands more data and calculations on a computer. Only level 3 inc
decomposition.

s of the three levels are:

The concentrations of the contaminants are calculated only in the upper part of the ground
e contaminated site.

The concentrations of the confaminants are calculated as average concentrations i
ater under the contaminated, site at a distance from the source equal to the distan
ater flow in e.g. 1 year.

The concentrations of‘\the contaminants are calculated as average concentrations i
ater under the contaminated site at a distance from the source equal to the distan
ater flow in e.g. 1 _year. Dispersion, sorption and decomposition are included.

calculation/is based on the assumption that the mass concentration of contaminant in soil
urated~zone near to the source is equal to its concentration in soil water just abov
Hereafter the concentration is calculated for the upper 0,25 m of the groundwater reserv

ed at
A risk
ance

able.
udes

wvater

n the
ce of

n the
ce of

vater
e the
oir. If

anather mixing depth (4..) can be used

Dispersion, sorption and decomposition are not included, and it is assumed that the groundwater reservoir is
homogeneous and isotropic.

The calculation of the mass concentration of contaminant in the groundwater is based on a mass balance for

the upper pa

rt of the groundwater reservoir.

The mass concentration of contaminant (c.) becomes:

ANcq + BdqmkVeg

Cc =

46

AN + Bd kv

(B.1)
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where

¢, s the calculated mass concentration of contaminant in the groundwater, in micrograms per litre;

A is the area of the source of contaminant, in square metres;

N is the rate of rainwater infiltration, in millimetres per hour;

co is the mass concentration near contaminant source, in micrograms per litre;

B is the length of the source perpendicular to the groundwater flow direction, in metres;

§,, 1S the depth of mixing in the groundwater reservoir (0,25 m at level T), in metres;

) is the rate of groundwater conductivity in the reservoir, in millimetres per hour;

Y is the hydraulic gradient;

dg is the background (mass) concentration in groundwater, in micrograms pet-litre.
B.7.3 Level 2
This Jevel of calculation is based on the assumption that the concentration in soil water in thg unsaturated
zone|near to the source is equal to the concentration just above the*groundwater. The contaninant is then
mixed over the total thickness of the reservoir.
Basefd on these assumptions, the concentration is calculated-as average concentration in the|groundwater
undef the contaminated site at a distance from the sourcé’equal to the distance of groundwater flow in e.g.
1 yeqr. In the saturated zone, the calculation is based“on mixing in the reservoir to a depth of 1/40 of the
distanpce from the source, however the mixing is assumed to take place in not less than the upper|0,25 m.
NOTH The dimensions given in time and space, (mixing reservoir, distance from the source of contamination as a
functipn of groundwater flow) may be useful for a\first estimation. Nevertheless it is recommended tha{ the assessor

carefl
reser\
devia

lly consult the relevant literature and possibly carry out site-specific tests for estimating more accurafely the mixing

oir at the site under consideration. Jhe-heterogeneity of soils at the site under consideration ca
ions from averaged groundwater conduetivity values, reducing the reliability of the estimate.

h cause large

The ¢alculation of the concentration® of contaminant in the groundwater is based on a mass bdlance for the
uppef part of the groundwater reservoir similar to the principles in step 1, except for mixing in the|groundwater
reseryoir. Hence d,,, in Equation(B.1) is larger than 0,25 m.

B.7.4 Level 3

In this step, thetealculations include additional processes like dispersion, sorption and deconjposition and
therefore this‘method demands more data. The concentration of the contaminant is calculated as average
concentration, in the groundwater under the contaminated site at a distance from the source |equal to the
distapce’groundwater flows in e.g. 1 year.

If there 1S To Specific Knowledge of Soil fransport characterisiics, the unsaturated zone is again assumed to be

homogeneous and isotropic, hence one-dimensional convective-dispersive transport models are applied.
Otherwise, model approaches for transport in heterogeneous media could be applied.

In the saturated zone, the calculation is based on instantaneous mixing in the reservoir to a depth of 1/40 of
the distance from the source, however the mixing is assumed to take place in no less than the upper 0,25 m of
the groundwater reservoir. The groundwater reservoir is assumed to be homogeneous and isotropic. In the
saturated zone decomposition, adsorption and dispersion are included in the model.

There are several model approaches available, taking the above-mentioned processes into account at
different levels of complexity. The user has to carefully check and define the boundary conditions and
application limits of alternative model approaches.
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