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Foreword
EUROSOILS II - T h e next generation
S. Facchetti
Joint Research Centre Ispra, Environment Institute, 1-21020 Ispra, Italy

During the past decades quality has been a
term of growing importance throughout
the framework programmes established by
the European Commission and many efforts have been made to improve in final
consequences the quality of life within the
boundaries of the European Union and
beyond. The fundamental role of the soil
environment for the healthiness and
wealth of our society is well known. It is
therefore obvious that many research institutes, governmental institutions and international organisations deal with this issue.
The launching of the first EUROSOILProject in 1984 by the European Commission's DG XI together with the JRC Environment Institute and other national institutions is another expression of interest for
the importance of soil-related research.
Since these days considerable progress
has been made in harmonising testing procedures and in the defining of common
objectives among the individual EUMember States. These developments, in
part catalysed by the achievements of the
first EUROSOIL-experience, have led to
the introduction of the new EUROSOIL
generation. The necessary work for the
preparation, production and preparation as
well as some of the experiences made so
far are described in this book. Besides, the
underlying principles, which were derived

from environmental reference material
production, are set in relationship to this
new type of standard samples, or better
laboratory reference materials.
The European Commission's Joint Research has a long, out-standing tradition
and a generally accepted competence in
this important field of applied sciences.
The idea of quality control and assurance
in the field of measurement and testing
has always been pushed forward by the
JRC in order to achieve a better harmony
and comparability of scientific work in the
EU.
This book treats several aspects of quality
assurance in soil-related studies. In chapter I a general introduction on the role of
environmental compartment "soil" is
given by Prof. Dr. Winfried E. H. Blum.
Secretary-General of the International Union of Soil Sciences and Member of the
Scientific Committee of the European Environment Agency, Copenhagen.
In the following three chapters the historical evolution of the EUROSOIL-Project is
summarised and the statistical concept for
the selection of the original five locations
of the EUROSOILS is discussed. The
necessary fieldwork for the material sampling is described in Chapter V and some
impressions on these locations can be
gained from some pictures made during
the respective sampling campaigns.
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The advent of the new EU-Member Countries in 1995 opened of course a gap of
representativeness with respect to the soil
types of the original EUROSOIL-set.
Partly, this gap has been bridged through
the efforts of Prof. Dr. Blum. His group at
the Department of Soil Science at the
University of Agricultural Sciences in Vienna, selected and sampled a suitable
EUROSOIL being representative for the
Alpine region. This new member of the
EUROSOIL family is presented in Chapter VI.
The chapters VII, VIII and IX are dealing
with the theoretical concept of reference
material production, its application to the
EUROSOILS as well as the analytical and
pedological characterisation of the remakes of EUROSOIL 1 to 5.
An example of application of the EUROSOILS is given in the next chapter,
which describes the use of the EUROSOILS for the evaluation of alternative
methods for the estimation and prediction
of soil adsorption coefficients. These

methods are particularly important to fill
the lack of information that exists for the
pre- and post-EINECS chemicals.
The last chapter summarises the EUROSOIL-approach towards QA/QC in soil
related studies. The possible application
fields for laboratory reference materials in
the areas of inorganic trace analysis, organic micro-pollutant determinations, pedological sum-parameter measurement
and chemical testing in the framework of
environmental risk assessment are discussed.
Experienced practitioners have written
this book. By its nature it should be used
as reference guide for all future EUROSOIL users. The very practical approach to measurement harmonisation
may certainly give rise to discussion and
new research, thus catalysing soil-related
research. This is definitely in the sense of
this book.

Ispra. Dezember I W

S. Facchetti

Soil at the interface of natural and anthropogenic ecosystems

Chapter I
Soil at the interface of natural and anthropogenic ecosystems
W. E. H. Blum
Department of Soil Science, University of Agricultural Sciences, Vienna, Austria

Definition of soil

Definitions of "soil" are abundant in literature. For this contribution, the concept
of soil as adopted by the Council of European Ministers of Environment in 1990
(Council of Europe. 1990) is used: "Soil isan integral pan of the Earth's ecosystem
and is situated at the interface between
the earth's surface and the bedrock. It is
subdivided into successive
horizontal
layers with specific physical, chemical,
and biological characteristics and has
different functions. From the standpoint of
the history of soil use and from an ecological and environmental point of view, the
concept of soil also embraces porous sedimentary rocks and other permeable

materials, together with the water which
these contain and the reserves of underground water".
Figure 1 explains this concept. In view of
problems of soil contamination and pollution it is often necessary to take a broader
view of soil. Therefore, in many cases the
concept of "land" (which includes further
attributes, such as topography and others)
rather than soil in the strict sense, has to
be considered.
Based on this definition, six main functions of soil can be distinguished, three of
them ecological ones and three others
mainly related to human activities.

Figure I - Soil as a three-dimensional cut-out of the most upper crust of the earth
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The six main functions of soil

The three ecological functions are:
□ biomass production (nutrient, air and
water supply, root support for plants),
providing food, fodder, raw materials,
renewable energy and natural features
(e.g. parks and forests providing an im
portant habitat for humans and animal
species);
□ filtering, buffering, storage and trans
forming functions, e.g. physical filter
ing through the pore space, physico
chemical buffering through adsorption
and precipitation at the inner surface of
the soil and biochemical/biological
transformation of organics e.g. pollut
ants through soil biota;
□ biological habitat and gene reserve:
fauna and flora in the soil are more im
portant in quantity and diversity than
all the biota above ground, although
not always as apparent and spectacular
as these.
The three functions related to human ac
tivity are:
□ physical medium: the soil functions as
a spatial base for technical and indus
trial structures and socioeconomic ac
tivities, e.g. buildings, roads and rail
ways, sports fields, recreation areas,
waste dumps and deposits etc.;
□ a source of raw materials and energy:
e.g. clay, sand, gravel, minerals in gen
eral and water;
α geogenie and cultural heritage: soils
form part of the landscape and thus
hold important pedological, geological
and geomorphological information.
They also preserve historical informa
tion in the form of paleontological and
archaeological materials.

Many problems related to soil and land
degradation, pollution and other forms of
degradation are due to the excessive use
of one of these functions at the cost of
others. Therefore, the competition be
tween these functions is the main key for
understanding soil degradation problems
(Blum 1995, 1998 a,b).
Soil as a filter, buffer and transforming
system - the basic concept behind the
EUROSOIL-Project

In relation to the EUROSOILProject,
which serves mainly for providing soil
testing material for chemical purposes, the
basic understanding of soil as a filter,
buffer and transforming system is para
mount.
Therefore, in the following, some of the
specific capacities of soil are described in
more detail (Fig. 2). The function of soil
to filter, buffer and transform any kind of
solid, liquid and gaseous compound be
tween the atmosphere, the ground water
and the plant cover is strongly influencing
the water cycle on the earth surface as
well as the gas exchange between terres
trial and atmospheric systems and moreo
ver protecting the environment, including
humans against the contamination of the
ground water and the food chain. This ca
pacity of soil also contributes to maintain
ing the biodiversity in and above the soil.
These soil functions become increasingly
important, because of the many solid, liq
uid or gaseous, inorganic and organic
depositions, on which soils react through
mechanical filtration, physicochemical
absorption and precipitation on its inner
surfaces or through biological, especially
microbiological and biochemical miner
alization and metabolization processes of
organic compounds, as shown in Figure 2.
As Ion» as these filtering, bufferin« and
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transforming capacities are maintained by
the soil, there is no danger to the ground
water or to the food chain, and soil biota
can survive and develop within their natu
ral habitat, without stress.
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Figure 2  Soil as a filter, buffer and trans
forming substrate

However, these capacities are limited and
vary very much between the soil types,
according to specific and local soil condi
tions, which are mainly expressed by its
texture (particle size distribution), by the
content of organic matter, by the mineral
composition of the clay and silt fraction,
by pH, by the composition of soil biota,
and by further characteristics which are
influenced by the soil structure, which de
termines the pore size distribution. There
is of course a big difference between a soil
in its natural position and soil material
which is sampled and prepared for labora
tory analysis through drying, mixing and
homogenising, because under the latter
conditions the soil biota and the natural
soil structure no longer exist, and there
fore the filtering, buffering and transform
ing capacities of the soil are drastically al
tered.

In the following, some of the basic under
lying features of soil are dealt with, in or
der to explain in more detail the capacity
of soil to react on external stress in the
form of solid, liquid, gaseous, inorganic
and organic depositions, e.g. contaminants
or pollutants.
The two main characteristics of soil un
derlying the physicochemical buffering
capacity through adsorption and precipita
tion are the enormous inner surfaces of
soil and its electric charges, which can be
calculated on the basis of the type and the
surface of the clay fraction and of the or
ganic compounds (Tab. 1). From this very
simple calculation of the inner surface of a
soil volume, in this case for the total land
surface of Europe at 20 cm of depth, it be
comes clear that the soil has an enormous
inner surface, which means that one hec
tare of soil with 20 cm of depth with a
bulk density of 1.5 tons χ m"3 (=3000 t soil
material), with 20% of clay minerals and
3% of organic matter, have a total inner
surface of 210 000 km". The surface of
many small European countries can be put
into a soil volume with smaller dimen
sions.
Moreover, all these surfaces have perma
nent and variable electric charges, the lat
ter depending on the pH. Especially clay
minerals have permanently negative layer
charges, due to their mineralogical struc
ture, but they may also have variable
charges. Organic substances depend ex
clusively on variable charges, like oxides
and hydroxides of iron, aluminium, man
ganese and of other metals. Therefore, soil
particles, such as clay minerals, organic
matter, oxides and hydroxides can adsorb
anions and cations, which can be inor
ganic or organic.
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Table. 1 - Calculation of the inner surface of a soil volume
Soil volume (cut out)

Assumption
Soil volume containing

1 ha (100 m χ 100 m) χ 20 cm depth
with a bulk density of 1.5 t/m '
= 3000 t soil material

=
=
=
=

10 c/r clay minerals (200 m" surface/g )
600 t clay minerals
600 mio. χ 200
120 bio. nr
120 000 km2

and

=
=
=
=

Total surface

3 % organic matter (humic substances)
with 1000 m" surface/g'
90 t humic substances
90 mio χ 1000
90 bio. m2
90 000 km2

= 210 000 km2

Example: The total land surface of Europe = 10,531 mio km" (incl. European pan of Turkey
and Russia) is contained in a soil volume of ~50,1 ha (~708 m χ 708 m) and 20 cm depth.

The biological, especially the microbio
logical/biochemical capacity of soils to
transform through alteration and decom
position (metabolisation and mineralisa
tion) of organic compounds is based on
the soil biota (Fig. 3). From this figure it
becomes clear, that one hectare of soil
contains about 25 t of living organisms
within a depth of about 30 cm. which
means about 10 t of bacteria and actinomycetes. 10 t of fungi. 4 t of earth worms
and 1 t of other organisms, such as mites,
larvae of flies and beetles, colembols. ants
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and many others. In comparison with the
maximum biological load on the soil sur
face, with 1.5 livestock units (LSU) per
ha. it becomes clear that soil is feeding on
1 ha 25 t of living organisms, whereas the
above ground biomass can only feed 1.5 t
in a sustainable way on the same surface.
Therefore, the biological activity of soil is
the key parameter for any kind of organic
decontamination or depollution, being
able to mineralize or to metabolize organics within certain time intervals.

Soil at the interface of natural and anthropogenic ecosystems

101 bacteria and actinomycotes
10 t lungi
Biomass in
the soil

4 I eann worms
1 I oiner soil animals

Figure 3 Distribution of biomass in a pasture
system

Conclusions

Based on the information given above, it
becomes clear that soils have important
functions as an interface between natural
and anthropogenic ecosystems. Soils un

der natural conditions differ considerably
from soil samples (see EUROSOIL
Project) with respect to their capacity to
withstand soil contamination and pollution
through inorganic and organic com
pounds. Therefore, it has to be considered
in all analytical procedures and tests, that
soil under natural conditions reacts differ
ently to soil material which is dried, ho
mogenised and stored under laboratory
conditions. In the latter case, not only
does the original soil structure no longer
exist, but neither do soil biota, which are
of main importance for biological, espe
cially processes.  Nevertheless, the soil
testing material of the EUROSOILProject
is a very important step in the direction of
environmental soil testing and soil protec
tion.
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Chapter II
The EUROSOIL-Project in the course of time:
background and historical evolution
G. Kuhnt', B. M. Gawlik 2 , and H. Muntau 2

' Applied Physical Geography, University of Hanover, 30167 Hanover, Germany
2

Joint Research Centre Ispra, Environment Institute, 21020 Ispra, Italy

Introduction

Environmental effects of chemicals can
only be fully understood if studied in their
fate, metabolisms as well as synergetic
and systematic relations with the environmental compartments. Basically this
requires a long-term ecosystem research
providing for a comprehensive insight into
structures, functions and absorptive capacities or stability and resilience of ecosystem compartments, respectively.
However, other ecologically-related approaches appear necessary to tackle these
problems in compliance with scientific,
political and commercial requirements.
In order to enable realistic hazard predictions to be made for new chemicals,
OECD working groups developed numerous test guidelines to evaluate the environmental behaviour and potential ecotoxicity of a chemical substance through
laboratory experiments. Contrary to those
guidelines designed e.g. for the determination of physical-chemical properties and
dealing solely with the pure substance,
other more ecologically orientated guidelines require environmental samples as
test material. In this context the problem
of selecting representative specimens always becomes evident, because the properties of the samples used should reflect
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those of a whole set of cases with a measurable amount of accuracy.
Soil testing in the context of chemicals
control in the European Union

Directive 79/831/EEC is the sixth
amendment to Directive 67/548/EEC on
the classification, packaging and labelling
of dangerous substances (European Commission, 1967, 1979). Annex V to the Directive contains a series of methods for
the safety testing of chemicals and on the
basis of the results generated in these
tests, chemicals are classified and labelled
according to the criteria also laid down in
the Directive. The test methods described
in Annex V are referred to in other European Union legislada dealing for example
with chemical preparations and pesticides
and these methods are therefore considered as being standard testing procedures
for the evaluation of all chemicals.
Annex V to the Directive is constantly being updated and modified and in 1986 an
anomaly which became apparent to the
Commission was the absence of a standard test procedure for assessing adsorption/desorption in soils. While the Directive foresees that this information may
sometimes be appropriate in the evaluation of a chemical no test procedure had
been introduced into the Annex and

Kuhnt et al.

chemical manufacturers were referred to
appropriate international methods, e.g.
OECD Test Guideline 106.
In 1986 the Commission was therefore
considering the transposition of the OECD
test guideline into Annex V when it became aware of an initiative taken by the
German Federal Environmental Agency
(UBA) to evaluate the utility of Guideline
106. Subsequently the UBA. the Commission (DG XI), the University of Kiel and
the Commission's Joint Research Centre
at Ispra elaborated a new concept for the
harmonisation of soil testing procedures.
This concept came to be known as the
EUROSOIL-Project.
Mobility testing in soils

The OECD Test Guideline 106 "Adsorption/Desorption" belongs to those guidelines requiring environmental specimens.
It has been developed for determining the
potential mobility of chemicals in soil.
The adsorption/desorption behaviour indicate the tendency of a substance either to
be bound in the topsoil, making it potentially bio-available, or to be transported
down-ward, which increases the risk of
groundwater pollution.
The fate of a chemical in soil can be investigated directly by complex and expensive migration experiments or indirectly
by using equilibrium adsorption/desorption data for subsequent mobility modelling. The latter approach requires less effort in obtaining the adsorption/desorption
data, is more flexible in being adaptable to
different soils and in addition gives a sufficient basis for extra- and interpolations.
Although the data obtained are not directly transferable to natural conditions,
the method offers a practical first step in
gaining insight on a chemicals' likely impact on soil, plants or groundwater. The
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OECD Test Guideline 106 contains precise instructions on the respective laboratory testing procedures (OECD. 1981).
With regard to the technical side of testing
the guideline - as it was at that stage generally satisfied the practical requirements. However, equivalent attention had
not been paid to the selection of soil samples for testing purposes.
According to the relevant recommendation in the respective version of OECD
Test Guideline 106 three different soils Spodosol. Alfisol and Entisöi - were considered to give satisfactory results for the
interpretation of chemicals mobility in
soils. The soils were classified in terms of
the US Soil Taxonomy and the locations
where the samples could be taken were
described. When adapting the OECD Test
Guideline 106 to the situation in Europe,
however, the question was open whether
the soil types described in the OECD
guideline represented an adequate basis
upon which to make extrapolations of the
potential impact of a chemical on European soils.
Furthermore, the Directive 79/831/EEC
asked for a stepwise testing and assessment approach (Annex VII and VIII). It is
the basic assumption that data which were
measured and submitted to one competent
authority in one member country are valid
and should fulfil the requirements for all
other EU Member States.
Most properties which have to be measured in the framework of chemical testing
are inherent data of chemicals (e.g. vapour
pressure, melting point) or their test media
(e.g. water, air or solvents) are available in
equal or comparable quality in all Member
States. This holds not true - by principle for the soil as test substrate. Because of
genetic reasons, closely related to climate,
geology, topography, vegetation etc., there
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is a variety of more than 300 principally
different kinds of soil within the EU
realm.
Obviously, chemicals cannot be tested on
300 soil types and European reference
soils, being of maximum representativity
for the whole Community could instead be
identified.
On the background of this situation, in
1984 the German Federal Environmental
agency in co-operation with the European
Commission launched a research project
to solve the problems mentioned above.
The overall concept for estimating the exposure of chemicals in soils comprised
four elements to be worked out and implemented:
j

the method for an Adsorption/Desorption test.
_i the Standard Operating Procedure
for the selection of sampling sites,
treatment and characterisation of soil
samples.
ü the selection of Representative Soils
which reflect either the major properties or wide areas of the total soil
cover.
u Distribution Models which take into
account adsorption/desorption data,
the soil constituency and specific local conditions in order to simulate
and predict the portions of adsorption/desorption in quantitative terms.
Requirements with respect to the EECDirective 79/831/EEC
Annex VIII of the EEC-Directive
79/83l/EEC asked for mobility testing in
soils, including adsorption/desorption and
biodegradation, if previous environmental
hazard assessments which are based on
Annex VII tests (base set and level l) in-
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dicated that chemicals were exposed to
soils.
In carrying out testing on soils, some direction has to be given regarding the character of the soil samples to be used; this is
particularly true in the case of adsorption/desorption testing. In order to achieve
an acceptable degree of harmonisation
these possible options were considered at
the initial phase of the project:
Option 1
Standardised test soils are selected,
stored and supplied by a central
"soil bank" for all test laboratories
within the European Union.
The advantage of such a central
supply body is that representative
test soils can be selected, sampled,
worked up and analysed in a harmonised way, which will lead to a
quick and efficient provision of notifiers with homogeneous material,
forming the basis for highly comparable test results.
The disadvantage on the other hand
is that a consensus about the location, size and framework of such a
centralised CEU-institution is difficult to achieve and problems with
regard to practicability might occur.
An additional disadvantage would
be the fact that denaturalised soil
samples from a central supply body
would lose their biological activity
so that further testing on biodegradation and metabolism cannot be
performed in an appropriate way.
Option 2
A minimum set of reference soils,
representative for the EC territory,
could be determined, sampled and
analysed and a certain portion of

Kuhnt étal.

homogenised material from these
soils are stored for comparison reasons. On this basis, corresponding
nationally available test soils can be
identified in the various Member
States of the European Union.
The advantage of such a moderately decentralised system is that most of the test
soils are available under the responsibility
of the respective EU-Member countries
and that comparability of the test results is
given over the reference soil system. Furthermore, this approach facilitates a practical compromise, because in respect to
soil selection and mobility assessments
the regional/local requirements are met in
a more sufficient way. As a matter of fact,
however, the sorption controlling properties of the various test soils vary within
specified limits and so, to a certain extent,
the reproducibility of the mobility tests is
reduced.
During an ad-hoc meeting of soil experts
organised by the European Commission at
Brussels in June, 1986 the implementation
of Option 2 was considered more realistic
and feasible.
Selection of soils and sorption testing
The scientific basis of the above meeting
was formed by the first results of a research program, the German Federal Environmental Agency (UBA) launched in
1984 together with the Department of Soil
Science and the Department of Geography
of the University of Kiel (Brummer et al.,
1987). In view of the fact that the soils
recommended in the OECD Test Guideline 106 were deemed not indicative for
European soils, one of the major tasks of
the initial research project was the selection of European reference soils for adsorption/desorption testing and the identi-
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fication of regionally representative sampling sites. To reach this goal the Working
Group on Regional Planning and Environmental Assessment at the Department
of Geography developed a method on the
basis of computational map interpretation
techniques in order to identify representative soils within the EU territory. It made
appropriate allowance for the fact that the
limited number of soils best suited for
testing procedures ought to represent both
a maximum area of the whole EU territory
and the wide variability of the relevant parameters responsible for sorption processes in soils. Furthermore, the requirement of a minimum set of soils had to be
considered due to economic reasons.
By applying various geo-statistical procedures to soil maps and evaluating metric
soil profile data, followed by intensive
field work at regionally representative areas, five top-soils were identified which
were considered to meet the above requirements in a satisfactory way. The soils
selected are typical representatives of the
most widespread soil associations of the
European Union, they arc developed on
different parent material as well as under
several vegetational covers and the sampling sites are scattered throughout the EU
realm which leads to an adequate consideration of the main climatic zones.
From detailed pedological analyses of the
samples taken at representative locations
it was found, that the soils vary significantly with respect to sorption controlling
properties and that the ranges of the relevant parameters in most cases even extent
those suggested by the OECD. but in general they fit within the frame of OECDselected soils so that there was no disharmonisation expected. The following soil
types, showing completely different sorption controlling properties, were selected
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to form the first set of this new type of
reference material, the EUROSOILS (Tab.
1).
Under these circumstances, different sorption capacities had to be expected. To
prove this, adsorption/desorption experiments with environmentally relevant test
chemicals and the soil samples were performed. It could be demonstrated that the
soils selected have in fact quite different
sorption capacities.
The results of sorption experiments with
lindane.
atrazine
and
2,4-dichlorophenoxy-acetic acid (2,4-D), described in
terms of Ku-values. displayed a strong relationship between the sorption behaviour
of the chemicals and individual soil properties. Depending on the specific and distinctly different combinations of sorption
controlling parameters the Ku-values
ranged from almost zero to about fifty.
The variability of the sorption processes
not only covariated with the wide spectrum of the soil properties as shown by
these figures. The influence of the different physical-chemical properties of the individual substances on the sorption behaviour was also be clearly observable. While
atrazine and 2.4-D, for instance, were
strongly adsorbed in the Podzol which is
characterised by a low pH value and high
amounts of organic matter, lindane
showed the highest KD value in the Vertic

Cambisol. which is poor in organic carbon, but contains outstanding amounts of
clay minerals.
It follows from this brief compilation that
the soil samples selected were highly representative and that the range of parameters controlling the sorption behaviour
was such that the recommendations of the
respective version of the Test Guideline
106 were complemented in compliance
with the basic precautionary principles of
EU policy. In addition spatial representativity. as defined by means of the comprehensive geo-statistical approach developed, ensured maximum comparability or
optimum suitability for extrapolation purposes, respectively. Regarding the fact
that soils being similar to the reference
soils were assigned for use in testing
newly developed chemicals with unknown
environmental behaviour, a comparison of
the test results from various soil samples
should be indicative for the mobility of a
substance under different environmental
boundary conditions.
The development towards the new
generation of EUROSOILS
In June, 1987 the results summarised
above were presented during the first
meeting of the expert sub-group on soils
held in Brussels. It was decided to establish an EU-wide intercomparison test to

Table 1 - The EUROSOIL-locations
ID

F.A.O. Soil Unit

Region

EU Member State

ES 1
ES 2
ES 3
ES 4
ES 5

Vertic Cambisol
Rendzina
Dystric Cambisol
Orthic Luvisol
Orthic Podzol

Sicily
Peloponnesos
Wales
Normandy
Schleswig-Holstein

Italy
Greece
Great Britain
France
Germany
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compare the behaviour of test substances
in the soil types selected and to find out if
the OECD Guideline 106 in its modified
form is a suitable tool for a standardised
testing system. Since various delegations
referred to the necessity to incoiporate
also soil samples with a very low organic
carbon content, a additional sub-soil (from
EUROSOIL 4) was included in the origi
nal set (Table 1).
To provide sufficient soil material for the
intercomparison test and for long-term
storage experiments, members from the
working group at the Department of Ge
ography, Kiel in co-operation with the
Commission's Joint Research Centre in
Ispra/Italy organised a second sampling
campaign which was earned out in spring
1988. The material obtained from five dif
ferent top-soils and one additional sub-soil
was subsequently analysed and prepared
for use in the ring-test. Parallel to the
work on soil sampling and treatment the
German Federal Environmental Agency
prepared the intercomparison test by con
tacting numerous laboratories from the
various EU Member States. During an
'ad-hoc' meeting of soil experts in June,
1988 it was decided that three substances
with different physical-chemical proper
ties (Lindane, Atrazine and 2,4-D) should
be used in the ring-test. According to the
prerequisites of the OECD Guideline 106
the soil samples were air-dried, sieved to
less than two millimeters and homoge
nised, the latter to minimise alteration in
soil structure and sorption capacities both
within and between the aliquotes bottled.
To avoid possible problems related to biodegradation in the course of the ring-test,
the material finally was γ-irradiated. Dur
ing the meeting mentioned the test guide
line was improved by the participating ex
perts and the first draft of a standard oper
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ating procedure for soil selection and
characterisation was presented.
The intercomparison exercise was organ
ised in September 1988 and the results of
this first project phase were the finally
compiled and presented to scientific
community (Herrmann, 1994).
Soon after their introduction the EU
ROSOILS were accepted as reference soil
samples, not only for sorption studies, but
also for a variety of other experimental
set-ups dealing with the soil matrix. This
was a very surprising and unforeseen de
velopment. Figure 1 summarises briefly
the various fields of application for these
new type of reference materials. The data
were obtained from the evaluation of a
databases containing all EUROSOIL us
ers. As can be seen most application refer
to the examination of soil mobility by
classical batch experiments or leaching
studies. It is worth mentioning that in 16
% of the cases EUROSOILS" were used
for the monitoring of data quality with re
gard to reproducebility and comparability,
i.e. in the sense of a classical reference
material designed to control and ensure
the quality of work (Gawlik et αι. 1996).
The term "non-pedological applications"
includes the testing of new technologies
for soil decontamination, as well as the
development of analytical procedures for
the extraction and determination of or
ganic pollutants in soils. In particular, the
latter application underlines the closeness
of the EUROSOILS and classical analyti
cal quality control materials.
It is no wonder that soon after their intro
duction in 1991 the demand for EU
ROSOILS grew dramatically, and in 1993
the question arose whether it might be
possible to produce a remake of these soil
materials, in order to guarantee a suffi
ciently large stock of material with

Background and historical evolution

14%

11%

16°c
DOECDTG106
D Column / Lysimeter-Studies

59%
DQA/QC
Ο Non-pedological Applications

Figure 1 - Application fields of the EU
ROSOILS based on the evaluation of a data
base containing all former users

same properties as the precursor genera
tion.
A second development increased the in
terest in the production of a second EU
ROSOIL generation: the introduction of
the European Inventory of Existing Com
mercial
Chemical
Substances,
the
EINECS (European Commission. 1987)
created a distinction between "new" and
"existing" chemicals. While the so-called
new substances are tested with regard to
their soil behaviour according to a specific
technical procedure, no comparable data
exist for the more than 100000 existing
chemicals.
In 1994. the European Chemical Bureau
(ECB) financed an intensive literature re
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search in order to evaluate the state-ofthe-art concerning alternatives for the de
termination of soil sorption behaviour of
organic chemicals and the type of soils
used for it (Sotiriou. 1994). The review of
the available literature on soil sorption
studies showed that a large amount of
sorption data is available for a broad vari
ety of chemically different substances.
Moreover, considerable progress has been
made during the last two decades in ex
plaining abiotic soil processes. Neverthe
less, most of the information produced is
only of limited value for the scientific
community, because the comparison of
data is almost impossible. Apart from the
EUROSOILS no other standard reference
soils allowing a direct comparison of
sorption data were found (Sotiriou, 1994).
As a consequence the ECB launched a re
search project to evaluate the applicability
of the EUROSOILS for the harmonisation
of the above mentioned alternative ap
proaches. This project was linked to the
making of a second EUROSOIL genera
tion. During this work a sufficient amount
of raw material was re-sampled at the
same sites identified during the first proj
ect phase. Details on the preparation of
this new generation of EUROSOILS are
given in the following chapters.

Kuhnt et al.
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Fundamentals of the selection of representative EUROSOILS
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Selection of representative
soil samples

The selection of area-specific and ecosystem-specific sets of soil specimens has
emerged as one of the most complex and
challenging problems facing the inauguration of ecosystem research programs, realtime monitoring of the environment and
environmental specimen banks. Soils are
deemed to be of particular importance
since they form essential regulative compartments of terrestrial and
freshwater
ecosystems, and their chemical and physical properties and the related microbial activity make them sensitive indicators of a
very wide range of environmental pollutants.
Methodology of statistical design
Like many other spatially differentiated
phenomena soils exhibit such a variability
that only a careful and systematic primary
study of their particular distribution functions can ascertain that a specimen selected is representative. In this connection
the term "representative" (i) means reproducing faithfully the properties of sets of
phenomena in terms of characteristic frequency distributions, and (ii) it relates to
specific spatial patterns.
The latter aspect merits special attention
since soils, like many other things, are not
discrete independent and unambiguously

identifiable objects or entities; the habitual
and well-known statistical procedures
cannot be applied to them as a consequence. The particular problems relating
to areal data such as mapping units on soil
maps "concern (i) the arbitrariness involved in defining a geographical individual, (ii) the effects of variation in size and
shape of the individual areal units, (iii)
the nature and measurement of location"
(Mather. 1972). Difficulties encountered
in separating individual areal units from a
continuum like soil cover are most frequently, and at least partially, overcome
by the selection of grid squares as the basic units, geographical characteristics being averaged out for each grid square.
Since grid squares are all of the same
shape and size their use eliminates variability in these properties and thus solves
the second problem. The most common
solution of the third problem, which is peculiar to geography, is to make relative location as measured by spatial continuity
the dominant variable of analysis. It can
be accomplished by means of spatial diversity analyses or régionalisation procedures which are based on comprehensive
geographical data matrices whose elements are derived from the digital evaluation of soil related maps, i.e. maps of geology, national land capacity, land use,
and pore space of soils. The scale varies
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according to the size of the area investigated, i.e. normally between the
1:1000000 and 1:25000 scales.
The first step in selecting representative
soils is the determination of their acreages, i.e. a simple frequency analysis in
terms of descriptive statistics. The next
step is to define the characteristic spatial
patterns of soil distribution by means of
neighbourhood analysis. The methodology
basically consists in determining the individual nearest-neighbourhood relationships of each grid point, i.e. the positive or
negative spatial auto-correlation which is
a distance-weighted measure for each
point in relation to 80 neighbours (Fränzle
& Kuhnt, 1983). The resultant data matrix
permits to define average association frequencies of all the soil units of the original
maps, which, in turn is the basis for a
comparison of each individual grid point
as defined by positive or negative autocorrelation with these average frequencies. The vectorial distance of each grid
point from the corresponding soil average
is a measure of similarity or representativeness. In terms of spatial structure it ensures that those soil units are most representative which differ least in their neighbourhood relationships from the average
association pattern of the respective soil
type. The sampling sites of these representative soil units are more precisely determined by subsequent application of the
above analytical techniques to large-scale
maps the results of which are eventually
corroborated by inspection in the field, including larger-scale mapping and variogram-analytical verification of experimental samples taken to ultimately define the
provably representative soil specimens
(Fränzle, 1984; Fränzle & Kuhnt. 1983).
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Determination of regionally
representative
soils in Germany by means of crosstabulation and neighbourhood analysis.

As a result of the primary digital evaluation of the base maps the data are nominally scaled in terms of descriptive statistics. Thus the distributional characteristics
of the variable soil and the genetically related other variables considered may be
defined in terms of frequency distributions
and by means of cross-tabulation procedures.
The following Table 1 shows the relative
acreages of the ten most frequent soils of
the Federal Republic of Germany, which
corresponds to a pre-evaluation indicating
a first trend but not allowing more precise
statements about the regional representativeness or the location of sampling sites.

Table 1 - The relative acreages of the 10 most
frequent soils of the Federal Republic of
Germany (without former GDR)
Soil

Acreages

Albic Luvisols in association with
Dyslric Planosols and Gleysols

7.49?

Orthic to Calcic Luvisols

7.4%

Dystric Cambisols, Dyslric Planosols

6.7-;

Renzinas, locally Chromic Luvisols

6.4%

Orthic and Calcic Luvisols, locally
Calcarle Regosols and Planosols

5.2%

Dystric Cambisols. locally Planosols

4.7';;

Eutric Gleysols. Gleyic and Eulrie
Cambisols

4.4%

Orthic and Gleyic Podzols

3.9%

Dystric Cambisols. frequently in association with Rankers

3.7%

Orthic Podzols

3.5%

Fundamentals of selection of representative EUROSOILS

After defining the relative importance of
soil types in terms of acreage contingency
table analysis or crosstabulation (Nie et
al., 1975) relationships with associated
variables, e.g. parent material, land use,
etc.. Table 2 summarises the results of
cross-tabulation, indicating, for example,
that an Orthic Luvisol on loess comprises
an optimum of representative qualities.
On the basis of the above statistical preevaluations regionally representative sampling sites are defined by means of specific spatial statistics among which near-

est-neighbourhood analysis is particularly
useful. It is specifically designed for
measuring patterns in terms of their arrangement in two or more dimensions
(Ebdon, 1977). It involves calculations of
the nearest neighbour of all points and
their scores defining how many per cent
of the cases have a neighbour of the same
type, which would mean a positive spatial
auto-correlation, or how many per cent of
the cases have a neighbour of another
type, which would indicate a negative spatial auto-correlation.

Table 2 - Representative soils of the Federal Republic of Germany (without former GDR)
(arranged in decreasing order of acreages)
Great soil group

Relative Parent material
acreage*

Land use

Land capacity

Drainage pore
volume of rooty
horizon

Grain
production

50

medium

Orthic Luvisols

28.1 %

Loess

Cambisol

23.9%

Middle Bunter Sand- Foresty
stone

38

medium

Podzols

I4.()r/r

Glacifiuvial or
Saalian deposits

Root crop
production

30

high

Rendzinas and
associated soils

8.2%

Upper Jurassic
Limestone

Grain
production

45

high

Planosols,
Gleysols p.p.

6.3%

Gypsum (Keuper
formation)

Grain
production

38

high

Fluvial Fluvisols

6.2%

Various lluvial
deposits

Root crop
production

57

medium

Dystric & F.utric
Histosols

4.2',

Peat (>2m (hick)

Grassland

30

high

Marine Fluvisols

2.3%

Marine silly deposits Grassland

58

high

Chernozems

0.4%

Loess

Root crop
production

72

medium

Lithosols

0.2%

Alpine carbonate
rocks

Grassland

32

medium

*total 93.8%; the remaining 6.2% comprise other soil groups, settlements, rivers and lakes.
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In Figure 1, the soil neighbourhood matrix
is a summary reflection of these facts and
shows how often one great soil group is
associated with itself or with different
ones, limiting the spatial relationships to
the 4 most frequent neighbours of each
great soil group. Such a matrix is not necessarily symmetric since the acreage of
the various soil groups differs considerably. For example, the Orthic Luvisols
have the most marked neighbourhood relationship to Chernozems but these, in
turn, are not among the 4 most frequent
neighbours of the Orthic Luvisols.
The final step of spatial analysis then involves searching for the areas which correspond in their actual soil patterns most
closely to the average association pattern
of the respective dominant soil types of
Figure 1. After determining the regionally
representative sampling sites for each soil
the corresponding occurrences primarily
identified on the small-scale soil map have
to be localised more precisely on maps of
the 1:25000 scale and the findings finally
corroborated in the field. Table 3 summarises the locations of regionally representative soils in the Federal Republic of
Germany (without former GDR).
Table 3 - Locations of representative soil in
the Federal Republic of Germany (without
former GDR) (arranged in decreasing order of
acreages)
Soil Type

Geographical coordinates

Albic Luvisol

3° 10' E. 48° 23' N

Dystric Cambisol

9° 10' E, 50° 19' N

Orthic Podzol

8° 13' E, 51° 54' N

Rendzina

12° 00' E. 49° 07' N

Dystric Histosol

8° 09'. 53° 07' N

Eutric Fluvisol

9° 04' E, 54° 24' N

In terms of acreage these soils represent
more than 75% of the total German soil
inventory with a correspondingly wide
span of pedophysical and chemical properties. On the regional level, finally, i.e.
related to the Federal Land SchleswigHolstein a combination of following soils
exhibits a maximum spatial representativity: Gleyic Luvisol, Ferric-humic Podzol,
Dystric Cambisol. Histic Gleysol and Eutric Hortisol. They represent about 80% of
the Schleswig-Holstein soil cover in terms
of acreage, and no less than 70% of the
German soil inventory.
Large-scale soil variability
variogram analysis.

in the light of

Clearly the quality of soil maps constitues
the crucial point in the application of this
type of diversity analysis for preselection
purposes. Also official surveying instructions for larger-scale soil maps may dismiss the subject of soil variability by stating that one auger sample for depth and
horizon determinations for 50 or even 200
running meters gave a reasonable estimate
of soil properties and boundaries (Arbeitsgemeinschaft Bodenkunde. 1971).
Reynolds (1971) has shown, however, that
to estimate soil depth, pH, moisture and
organic matter populations with an accuracy of 1% might require from 10 - 689
individuals and 0.2% 196 - 17.227 individuals.
These figures show that the determination
of representative soil property-topography
relationships requires a considerable number of random samples in order to comply
with the demands of frequency statistics.
Even if Reynolds' (1975) assumption vary
within certain broad variability classes, so
that the data presented here probably relate to areas of at least 1000 m" in size, the
demand for a more practical method than
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random sampling remains imperative. Re
gionalized variables appear to adequately
characterize the spatially distributed and
stticttired phenomena under consideration,
and consequently variogram analysis is
the appropriate method.
Variogram analysis
Values of a measured variable, e.g., a di
agnostic soil property, are usually punctiform but are to be indicative of spatial in
terrelations. Therefore a random sample
has to be considered as the measured
value of an assumed distribution function
Y(x) of a characteristic two- or three di
mensional vector x.

Customary mathematical functions are in
sufficient to give an adequate representa
tion of a regionalized variable because of
its
Ώ
α
□

high degree of complexity,
high degree of not infrequently
small-scale variability,
various correlations between neigh
bouring points.

A useful statistical method would there
fore have to inform about the following
problems:
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Highly variable soils
6.1

9.0

Planozols

1 1,5
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17.0 34.1

12.0 50.7
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ILO

59.8

10.2
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15.9
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15.2 25.9
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44.4

IS.7
18.7
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Podzols

Rendzinas

2.1

10.7 20.2

Marine Fluvisols

11.4

15.1

Figure 1  Soil neighbourhood matrix
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The socalled semivariogram (further on
designated as variogram). i.e.. the function
of the vector h is defined as:

(i) Is it possible to decide upon the
existence of a spatial distribution
function on the basis of the avail
able random samples'?
(ii) If such a function exists: How is a
difference vector h related to the
mean variance of all vectors x¡ y¡
for which x¡  y¡ = h?
(iii) To which (spatial) extent is a ran
dom sample representative within
the limits of the imputed distribu
tion function'?

γ(η) = Vi Var [Y (x+h)  Y(x)] (5)
From (3) and (4) ensues that
γ(1ι) = '/ 2 Ε|Υ(χ+1ι)Υ(χ)| :

In the case of discontinuous data expected
value γ (h) can be estimated by the for
mula:

The most powerful statistical tool avail
able to this end is variogram analysis
(Matherton, 1963; Delfiner. 1975).

(h) =

[
-\nfj Y(.vl+h)-Y(xl)]


The mathematical concept
A regionalized variable can be considered
as the realisation of a random function Y.
Usually this function is assumed to be sta
tionary; this implies
(i)

the expectation (m) of Y at any
point χ is constant and inde
pendent of x.
E[Y(x)] = m (1)

(ii)

the covariance function of any
pair of points χ and x+h de
pends exclusively on the vector
h and is independent of x.
E|Y(x) Y ( x + h ) |  n r = k(h) (2)

(6)

¡=l

(n = number of pairs of points)

The points are situated in either a one,
two or threedimensional space. In a two
dimensional space, as dealt with here, the
coordinates h ι and h: determine the vec
tor h. hence the variance of measured val
ues is dependent on the distance and the
direction of the difference vector h.
In practice the variogram is usually com
puted for 4 main axes in order to account
for possible directional effects. Distinc
tions of the range in different directions
(anisotropy) then enable a more detailed
interpretation.

In many cases merely the increments of
the functions are supposed to be station
ary.
The intrinsic hypothesis for a vector h
concerning expected value and variance
is:
E[Y(x+h)Y(x)| = 0
Var [Y (x+h)  Y(x)] = 2γ (h)

(3)
(4)

Figure 2  Main variogram axes
A mean variogram that is independent of
such directional effects is usually com
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puted on the basis of four directional
variograms. A variogram is geometrically
characterized by two boundary criteria
which are called "still" and "range". The
latter denotes the maximum extent of in
fluence, while sill is the analogous limit
ing value of influence as measured on the
ordinate.
'(h)
sill

Mathematical models of the curve
In order to best fit the curve of the vario
gram under construction to the sequence
of points primarily obtained as a result of
the computation of the variance function,
various mathematical models are used, the
most important of which are briefly de
scribed.
a) Power functions:
y(h) = C lb | λ with 0<λ<2 (9)
γ (h) = C I h I is the special case of a linar
model.

1

]

I

!

In the case of b) the zone of influence ex
tends beyond the area examinated.

,h

b) Spherical model:

range

iL—l/il

Figure 3  Sill and range of a variogram

for

|/Ï|

for

\h\ > a

<«

Y(h) ■■

The interpretation of the variogram
The zone of influence
It follows from the foregoing that a vario
gram does not necessarily have a maxi
mum or a level of stabilization. Due to
this criterion two basic types of vario
grams are distinguished.

Figure 4  Bounded and unbounded
variogram
In the case of a) the maximum range is
reached when the correlation between
Y(x) and Y(x+h) becomes nil.
γ(Ιι)='/2 Var | Y (x+h)Y(x)|
(8.11
= Vi {Var [Y (x+h) | + Var [Y (x)]} (8.2)
= 2σ:/2 = σ~
(8.3)
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c) Exponential model:
y(h) = C[ie^];

a = K of range

d) Gaussian model:
/(/?) = C[l  < ? ^ H ;

a = 0.58 ■ range

Often for a more exact fitting the models
must be combined.
The variance of the sample is approxi
mately the same as the value of the sill as
far as bounded variograms are concerned.
The model of the curve is primarily im
portant for the determination of the "nug
geteffect", a phenomenon that has to be
dealt with when the curve's behaviour
near the origin is considered.
The curve's behaviour near the origin
a) A parabolic shape shows a high de
gree of continuity of the regional
ized variable. It is differentiable.

Fränzle & Kuhnt

b) A linear shape shows continuity "in
average" as Matherson (1963)
phrased it.
c) The curve does not intersect the ab
scissa at the origin. The "nugget
effect" reveals great irregularity
and can be caused fundamentally
by either an extremely discontinous
distribution in the immediate
neighbourhood of the sample taken
or by observational errors. Supple
mentary information is conse
quently needed.
d) A straight line parallel to the ab
scissa indicates that there is nor
correlation between any points
Y(x+h) and Y(x) whatever their
distance might be. The sample does
not show any spatial structure.

c)

"holeeffect"
1(h) l

C,

Figure 5  Nested variogram

Figure 6  Periodical variogram

Anisotropics
Distribution characterized by different
variabilities in different directions are re
flected in the resulting variogram and
called anisotropy.
a) Geometrical or affine anisotropy
exists whenever elliptical zones of
influence can be deduced in a 2
dimensional space.

figure 7  "Holeeffect" variogram
VARIOGRAM OF SO. POI I UTION (COLOGNL)
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b) In a 3dimensional space variations
might also appear in the vertical di
rection; this is the case of stratified
anisotropy.
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Other structures
Some variograms display substructures as
regards the limits of their maximum
ranges.
Typical ones are:
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a) nested structures
b) periodical structures
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Figure 8 - Variogram of SO; pollution in the
northern part of the Cologne industrial belt.
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1975 data of the immission monitoring
network of the Cologne industrial belt.
The variogram shows the SO: distribution
in the area north of the city, which is char
acterized by prominent industrial sites
with remarkably high Surémission rates
at Merkenich. Weisdorf and Dormagen.
The network consists of a 1 km" grid for
which a mean value is derived from the
measurements at the four grid points (Fig
ure 8).
The variogram of the SO: distribution
shows the following characteristics:

7000

1 00

2ÜC

100

400

Distance (m)

Figure 9  Variograms of POjJ" distribution in
soils near Bosau (SchleswigHolstein, F.R.G.)
(After Zölitz, 1980).

+

über 350 ppm Ρ
250 ppm Ρ
200 ppm Ρ
':'::Γ> 'c Ufer! r o
Messpunkte

Figure 10  Map of phosphorus contents in
soils near Bosau (SchleswigHolstein, F.R.G.)
(After Zölitz, 1980).
Model applications of variogram analysis
Two examples may finally illustrate the
preceding theoretical considerations. The
first is base on the spatial analysis of the

27

α
α
α
□

two sills
directional variation
Gaussian model
No "nuggeteffect"

The sills at distances of 4 km and 13 km
can be explained by two nested structures
of which the inner one, with SO: immis
sions above average, covers the neigh
bourhood of the industrial plants.
Consequently, the statistically appropriate
maximum distance of SO: sampling is 34
km for the highly industrial core areas and
1213 km for the adjacent peripheral parts
of the industrial belt where immission
concentrations are distinctly less.
Furthermore the variogram shows that the
SO: distribution varies in different direc
tions: The particularly marked immissions
in directions 3 and 2 (NS and NESW)
are accounted for by the predominant
winds which are canalized by the Rhine
valley: On the contrary only slight varia
tions with growing distance can be noted
in direction 1 (EW).
The second example is derived from com
prehensive soil investigations aiming at a
detailed map of the anthropogenically in
duced P O / " distribution in the Ahorizons
of SchleswicHolstein soils. The vario
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Table 4  Data for Varioarams in Figure 9
Variogram

s///

range

nugget effect? hounded?

1

3680

100 m

yes

yes

2

4360

160 m

yes

yes

3

4800

240 m

yes

Yes

4

5900

420 m

yes

Yes

5 (mean)

6240

420 m

yes

yes

Number of sample
Distance
Mean
Standard deviation
Minimum
Maximum

1104
K) m
158.0 ppm Ρ
65.8
11.0 ppm 1'
570.0 ppm Ρ

Direction
Direction
Direction
Direction

grams of Figure 9 are based on the fol
lowing data (Zölitz. 1980).
The relatively high "nugget effect" corre
sponding to a variance of 2800 is due to
discontinuities in the immediate vicinity
of the grid points sampled. Yet all vario
grams have welldefined sills and ranges
much above the grid square dimensions.
Hence, the construction of a detailed Ρ
map is possible on the basis of the 10 m
grid, and even distances up to at least 50
m (i.e. half the lowest range of the above
variograms) would not essentially dimin
ish the precision because metric interpo
lations between individual grid values re
main valid.
Maps with a grid tested by variogram
analysis (which in turn requires a mini
mum of 4050 points evaluated) are indis
pensable for the planimetrie deduction of
valid areal mean values. As such or as
elements of more comprehensive areal
means they constitute regionally represen
tative values. In view of this it may suffice
to say that spatially oriented extrapola
tions of material and energetic fluxes from
punctiform data are not only of lesser
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quality but simply erroneous if lhe appro
priate dimensional structure of the under
lying grid has not been ascertained by
means of variogram analysis.
In the present case it served prospective
archeological purposes by developing a
soilphosphate map whose isopleth struc
ture was to be indicative of the outlines of
an abandoned medieval Slavic village (in
the meantime excavations have corrobo
rated in detail the pertinent deductions). In
view of the above marked "nugget effect",
however, a far higher number of grid
points or measurements, respectively,
were necessary to derive reliable isopleth
maps with a resolution appropriate for the
distinction of individual houses, huts and
stables.
Conclusions
An analysis of relevant literature (cf.. e.g..
the comprehensive review by Reynolds.
1975) shows that studies relating the mag
nitude of soil or rock properties to topog
raphical parameters like slope angle or as
pect frequently neglect to indicate the lim
its of their statistical populations, and also
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fail to assess the degree of variability of
the often undefined population. An analogous statement would apply to numerous
studies on vegetation or vegetation-soil
relationships, or in the realm of geozoology. It should be clear that entirely
spurious relationships can result, if samples consist only of a few individuals and
where sample means obtained are unrepresentative of population mean values.
Therefore the selection of soil samples for
environmentally relevant analytical purposes should be based on the following
five-level approach.
/. /

Frequency analysis,

1.2

Neighbourhood

analysis,

1.3
Definition
of
representative
structural units on the basis of smallscale soil and related maps, satellite
images, etc..
2.1-2.3
Idem, on the basis of
large-scale maps stereo couples, etc.
3.1-3.4
Visual inspection, highresolution maping, sampling, chemical
analysis.
4.

Variogram analysis of samples

5.

Definition
of
representative
samples with regard to specific
soil properties or test purposes,
respectively.
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Both the importance and costs of many
environmental assessment projects urgently recommend such a sequential approach in order to obtain spatially valid
data. These, however, are the essential
pre-requisite for pertinent extrapolations.
in particular in the wide fields of both
pure and applied ecology, ecotoxicology
or environmental chemistry.
Final remarks

The major work on the selection of the
EUROSOIL sampling sites, comprising
the development and validation of the statistical methods as well as their application, has been carried out between 1982
and 1985. Since then, enormous progress
has been made either in the field of geostatistics or in the availability of digital
soil data. Moreover, not only the Federal
Republic of Germany grew by reunification but also the EU expanded considerably. In view of the fact, however,
that the selection of the five original EUROSOILS is still based upon the knowledge and the data of the early 80s, the
authors decided to leave this chapter more
or less unaltered in order to give an
authentic impression of the "basic philosophy" of the EUROSOIL selection.
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Introduction

The harmonisation of testing procedures
for new chemicals to be distributed on the
EU market requires the identification of
test media being representative for the re
spective territory. Especially the samples
for laboratory experiments testing soil
sorption according to the OECD Test
Guideline 106 must be carefully selected
from the points of view of both effective
environmental protection and practicabil
ity. Therefore, complex map and data in
terpretation techniques were applied to
identify EUrepresentative soils for testing
the adsorption/desorption behaviour of
new chemicals (Kuhnt, 1992).
Methodological aspects

From its very nature, the geographical
analysis of spatial distribution implies that
sampling procedures must always tackle
the elementary problem of obtaining rep
resentative specimens. That is, samples
must be representative in the sense that
their properties reflect those of a whole set
of cases with a measurable degree of ac
curacy. In the present context the two
meanings of the term "representative"
merit equal attention, because the word
can either mean exactly reproducing the
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properties of a set of phenomena in the
light of a characteristic frequency distribu
tion or it can relate to spatial distribution.
The latter case is particularly important
wherever samples are considered that are
taken from spatially differentiated objects
such as soils. B ecause of their variability
only a careful and systematic study of the
particular distribution functions or asso
ciations can ascertain that a given sample
is also representative from the regional
point of view. The selection of represen
tative soils therefore implies that the inter
nal structural relationships within each
group are the same, i.e. each member of
the group must be a valid representative of
this whole group, while the interstructural
relationships between the defining charac
teristics of the various groups are disjunc
tive. Thus régionalisation can be consid
ered as the detection of latent spatial pat
terns by means of manifest phenomena
(Vetter et αϊ, 1986, 1991; Hertling et al.,
1995).
In the light of the above considerations,
the EU reference soils for adsorp
tion/desorption testing must comply with
three basic requirements:
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□ Representativity of soil
characteristics
The selected soils must cover a wide
range of sorptioncontrolling proper
ties so that the basic parameters of
the potential behaviour of a certain
chemical in soil can be assessed by
comparing the various test results.

territory must be taken into account
similarly.
In compliance with the above mentioned
requirements the selection of soil samples
is appropriately based on a fivelevel ap
proach. The first step is the evaluation of
smallscale maps in order to define the
typical, i.e. the most frequent soils.
The second step is a nearestneigh
bourhood analysis to determine regionally
representative sampling sites. In a third
step a study of the literature and the
evaluation of largescale maps, including
metric soil profile data, are necessary to
ascertain if the thus defined representative
soil groups adequately reflect the wide
variability of the whole soil inventory
from an ecochemical point of view. The
theoretical investigations must be verified
by visual inspection in the field, including
site exploration as well as geological and
pedological mapping, to finally locate dis
crete soil profiles where samples arc
taken, analysed and tested with various
chemicals to determine the validity of the
selection (fourth step). The last step con
sists in defining analogies or differences
between the soils tested and those not fur
ther tested in order to make mapbased ex
trapolations within or between the EU
Member States possible (Fränzle &
Kuhnt, 1994).

□ Representativity with respect to
frequency distribution
If the reference soils are typical rep
resentatives of the soil associations
that are most widespread within the
EU, each test result is to a certain
extent valid for a large area of the
European Union.
α Regional representativity
Considering that in most cases the
association patterns of different soil
types reflect important factors of
soil formation and development.
such as geology, geomorphology.
topography or climate (Kuhnt.
1989), the spatial distribution of the
various soil units must be defined.
Therefore, the soils sampled at the
selected locations should be associ
ated with other pedological units in
such a manner that they are region
ally representative of the EU Mem
ber States. Since climatic conditions
have both a direct and an indirect in
fluence on important pedological
factors, the selected sampling sites
should be appropriately distributed,
in order to adequately reflect the
main climatic zones of the EU terri
tory. Soils and vegetational cover
interact in manifold ways; therefore
the main types of plant communities
and of land use patterns in the EU

Selection of representative test soils
Since only maps yield areal information
on soils for the whole of Europe they form
the basis for the following evaluation.
Soils are not. however, discrete independ
ent and unambiguously identifiable ob
jects or entities. Consequently, the usual
and wellknown statistical procedures
cannot be applied to them. The particular
problems relating to areal data such as
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mapping units "concern (i) the arbitrariness involved in defining a geographical
individual, (ii) the effects of variation in
size and shape of the individual areal
units, (iii) the nature and measurement of
location" (Mather, 1972). Difficulties encountered in separating individual areal
units from a continuum are most frequently overcome, with at least partial
success, by selecting grid squares as the
basic units, geographical characteristics
being averaged out for each grid square.
Since grid squares are all of the same
shape and size their use eliminates variability in these properties and thus solves
the second problem. The most common
solution to the third problem, which is peculiar to geography, is to make relative location as measured by spatial contiguity
the dominant variable in the analysis. This
can be accomplished by means of special
diversity analyses or régionalisation procedures which are based on comprehensive geographical data matrices.
Map digitalisation and
statistical procedures
Digital evaluation of geo-scientific maps
forms the basis for the comparative selection of soil samples. In this context, the
distribution of the relevant physical and
chemical properties of soils, mostly indicated by the soil type, must be considered
while locating regionally representative
sampling sites.
At this point it has to be clearly stressed
that the map and data analyses for the selection of the EUROSOILS were carried
out between 1983 and 1988. Therefore,
only the FAO/UNESCO Soil Map of the
World (19781, the FAO Soil Map of
Europe (1965) and the Soil Map of the
European Union (1985) were available to
obtain the map based soil information
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necessary for the selection procedure. It
also has be taken into consideration, that
the former German Democratic Republic
as well as the newest Member States of
the European Union (Austria. Finland and
Sweden) are not directly represented in
the following statistical evaluation of the
European Soil cover.
The digitalisation of the FAO Soil Map of
Europe (1965). which due to its larger
scale is better suited to the present purpose than the corresponding sheet V-l of
the FAO/UNESCO Soil Map of the World
(1978). forms the basis for the following
evaluations. The new Soil Map of the
European Union (1985) has also been digitised and frequently used for detailed investigations of certain areas. For the first
interpretational steps, however, it was
found that the FAO Map of Europe fulfils
the technical requirements for the application of mathematical procedures as described below most satisfactorily.
Table 1 - Comparison between FAO-Map
and Holistein -Map of Germany
Soil Groups

FAO-Map

HOLSTEIN-Map

Orthic Luvisols 29.2%

28.1%

Cambisols

24.3%

23.9%

Podzols

17.0r/r

14.0%

To assess the quality of the FAO map
more precisely, a digital planimetrie comparison was made with the 1:1,000.000
Soil Map of the Federal Republic of Germany (Hollstein. 1963). By converting the
different legends into the terms of the
standard FAO classification it is possible
to compare both distribution patterns and
acreages of soil defined in terms of mapping units. In the following the results are
shown, deliberately limiting the presenta-
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tion to the three most important soil types
or great soil groups, respectively.
The soils of the Member States of the
European Union constitute a heterogene
ous three-dimensional space, which is
imagined by the map as a twodimensional relative representing a sur
face of 2,2 million square kilometers. In
this context the polychotomous nominal
character of the data aggregated is perti
nent, because the relevant grouping algo
rithms depend on the scales of measure
ment adopted. This fact limits the evalua
tion of data, since the spectrum of group
ing algorithms is restricted by the very na
ture of the underlying statistical ap
proaches, for instance "nearest-neighbour
hood analysis" or "entropy analysis".
As an inevitable consequence of this, met
ric soil profile data may be used to com
plement the nominal data.
The process of obtaining, handling and
combining data from both map digitali is
transformed into a reticulate 0.1 χ grid
whose points are subsequently converted
into nominal data (Kuhnt et al., 1986).
Each point of the digitised map can thus
be identified on the basis of geographical
co-ordinates.
Frequency distribution
The data used in the present study are
primarily scaled nominally in terms of de
scriptive statistics, i.e. they are defined in
the light of frequency distributions.
They indicate a first evaluative trend but
do not allow more precise statements
about the regional representativity or the
location of sampling sites. To obtain test
results of maximum validity and to make
extrapolations to larger areas of the EU
realm possible, the reference soils should
be typical representatives of the most
widespread soil associations listed above.
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Assuming that the first three soil groups
were foreseen for the selection of repre
sentative soil samples, they would repre
sent more than one fourth of the total soil
acreage of the EU Member States. Clearly
such a procedure is far from commendable
since it would allow only quite a limited
range of soil properties found within the
territory of the EU to be documented. In
stead, the wide variability of the entire
catalogue of soils should be reflected as
far as possible, from both the pedological
and the ecochemical points of view. This
clearly involves taking recourse to perti
nent and consequently more complex geostatistical procedures. But defining the soil
units that are to be considered solves only
part of the problem. Another question is
where the samples should be taken. There
fore, a further requirement for reference
soils is that the sampling locations have to
be regionally representative.
Nearest-neighbourhood analysis
- a geostatistical approach
Having examined the distribution of soil
groups in terms of frequency statistics the
next step is to investigate the spatial pat
terns of this variable. This involves a
chronological analysis. An expert is able
to approximately estimate relative fre
quencies of objects on a map. but he can
hardly define complex spatial patterns, re
lationships or neighbourhoods without ap
plying numerical assessment procedures.
In processing qualitative data particular
problems arise due to the relative scarcity
of appropriate methods for defining "su
perdata" on distributions in the specific
sense of spatial statistics. Because of the
exceedingly large number of nominal data
resulting from the initial digitalisation
procedure and the limited computing time,
the nearest-neighbourhood analysis is the
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most appropriate geostatistical technique
for providing pertinent solutions. This
method is specifically designed for meas
uring patterns in terms of their arrange
ment in two or more dimensions (Fränzle.
1978: Kuhnt & Vetter. 1988; Vetter &
Schröder. 1988).
The nearestneighbourhood analysis in
volves calculating the nearest neighbours
of all points and their scores. The com
puter program applies the following tests:

stitutes the individual index N and which
consists of 80 points, is superimposed
onto every grid point of the computerised
map. B y means of the Euclidean distance
the centre of the square is related to each
of the 80 points (neighbours) (Kuhnt &
Vetter. 1988; Kuhnt. 1994).
The distance between the centre and point
A is defined as:
Di st.(CA) ■■

I
0- + 1-

u

how high is the percentage of cases
that have a neighbour of the same
type; this indicates a positive spa
tial autocorrelation.
G how high is the percentage of cases
that have a neighbour of a different
type; this indicates a negative spa
tial autocorrelation.
□ what is the composition of the
negative spatial autocorrelation.

and for point D:
Dist.(CD)

The function of the algorithm of represen
tativity has been given earlier (Kuhnt et
al, 1986)
Based on an older approach (cf. Kuhnt et
al, 1986). which involved only the direct
neighbours, the present analysis uses a
newly conceived index of neighbourhood
(N) that is indicative of the individual
nearestneighbourhood relationships of
each of the 26,603 reference squares into
which the primary soil map is subdivided.
It has the particular advantage that it:
zi is relatively independent of grid ge
ometry,
□ considers more than the immediate
neighbours only.
_i introduces a hierarchy of neighbours.
To this end the central point of a kind of
quadratic "magnifier", which in fact con

35

To define neighbourhood or representativ
ity relationships two ndimensional vec
tors must be computed. To this end the
neighbourhood relation defined by means
of the moving 80 point reference grid (the
,,magnifier") are transferred into RN val
ues, i.e. the realneighbourhood vector.
The following step involves a serial com
parison of these individual RN values with
the average RN values of each mapping
unit designated EN. i.e. expected
neighbourhood vector.
The
difference
between
the
real
neighbourhood vector and the expected
neighbourhood vector defines the index of
representativity (RI), a dimensionless fig
ure which has the value 0 (zero) in the op
timum case of identity.
A mathematical description of this ap
proach is given as follows:
1. The basis of the neighbourhood co
efficient is the neighbourhood in
dex N. which is defined as the
square of the Euclidean distance:

Vetter & Kuhnt

The neighbourhood matrix displays how
often one soil group is associated with it
self or with different ones. The Gray
brown Podzolic Soils, for example have a
positive spatial autocorrelation of 71.8
per cent. The series of negative spatial
autocorrelations yields a typical chorose
quence of Grey-brown Podzolic Soils
consisting in Graybrown Podzolic Soils
and B rown Forest Soils (5.6 %), Alluvial
Soils (3.9 %), Graybrown Podzolic Soils
and Podzolized Soils (3.8 %), Podzolized
Soils (2.6 %) and Acid B rown Forest Soils
(2.3 7c).

1

N,

Αχ' + Δν"

2. Calculation of the realneigh
bourhood vector RN for each point:
RN = coordinate^„
(*,>■)> ( ^ ^ „ . . „ , )

■ N0) > /?"
... (ΧΛ',,_,,_νΙ)

(.ν',y')e Λί0·ΛΤ0

(.ν',y')e /V„ ■ /V„

ßorf(jr',y') = l B «íí(.v'..v') = l

3. Calculation
of the expected
neighbourhood vector EN of one
soil association (SI)

Results of the statistical analyses
The sampling sites are corroborated by the
results of the frequency and nearest
neighbourhood analyses and by large
scale maps and soil data from the litera
ture, always considering the wide variabil
ity of the physical and chemical properties
of soils. In addition, climatic data and in
formation on land use and vegetation were
collected and evaluated in order to com
pletely fulfil the requirements mentioned
above. In this manner the soil groups and
their sampling locations can be precisely
determined.
By computeraided evaluation of digitised
soil maps it was found that

EN: 1...11 (code of soil association) >R"
SI: arithmetic mean of the real neighbourhoods
of all points with soil (SI)

5/^:=X/?/V(vv)
(x,y)eN0N0
SI(x, y) = SI
f,SI
4. Construction of the neighbourhood
matrix NNE
[NNE]: = [EN

EN ]

α

5. Calculation of the representativity
index RI for one point

□
□
α

(x.y)^\\RN(x,)EN(SI(x.y))\\
The results of this comparative procedure
reproduce in a deliberately generalised
way the distribution of the most represen
tative soils of the European Union.
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Cambisols
(Brown Forest Soils, B rown Medi
terranean Soils),
Luvisols
(Graybrown Podzolic Soils),
Podzols (Podzolized Soils).
Rendzinas (Rendzinas)

are the dominant soil units of the Euro
pean Union.
Within the EU Member States the most
common soils (in the sense of the map
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ping units of the FAO Soil Map) are the
Gray-brown Podzolic Soils, covering
12.8 % per cent of the whole area with a
distinct maximum in the northern parts.
The regionally representative sampling
site is located near Caen (Normandy,
France).
The Brown Mediterranean Soils are
typical representatives of the soil cover in
southern regions, reflecting 6.8 per cent of
the European Union. The corresponding
type locality is in Sicily.
In the light of frequency statistics the
Brown Forest Soils cover nearly the same
area (6.5 per cent) as the Brown Mediterranean Soils, but they differ in their physicochemical properties and in their specific distribution pattern. While the Brown
Mediterranean Soils are concentrated
mostly in coastal areas and on hills and
plateaus in the southern parts of the EU,
the Brown Forest Soils are typical of
higher latitudes and altitudes. The sampling site is near Cardiff (Great Britain).
Rendzinas - covering 6.1 per cent of the
area - reflect the group of moderately developed soils on calcareous material with
the representative sampling site in Greece
near Korinthos.
Podzolized Soils account for 4.2 per cent
of the EU territory and occur mostly in the
northern parts. The sampling site for the
representative Podzol appears to be located in the Federal Republic of Germany
near Lauenburg (Schleswig-Holstein).
From the statistical analysis it also ensues
that Alluvial Soils, reflecting more than 7
per cent, are widely distributed throughout
the EU area. These soils are, however,
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excluded from further consideration. Due
to the great variety of parent materials and
the resulting different combinations of soil
horizons the sorption behaviour of these
soils may vary within such a wide range
that it appears impossible to define a typical representative of this soil group.
The five soil groups identified have an
explicit chorological representativity of
more than one third (36.4 per cent) of the
entire catalogue of EU soils and reflect the
wide variability of parameters responsible
for the sorption behaviour of chemicals in
soils. In the light of pedological considerations related to the legend of the FAO
Soil Map and the results of spatial statistics an implicit chorological representativity of 62.0 percent is attained, because the
legend indicates similarities and/or transitions between mapping units. In addition,
nearest-neighbourhood analysis exactly
verifies the legend from the standpoint of
chorosequence. For instance, the mapping
unit Luvisols and Podzols comprises the
two pure soil types and the transitional
forms.
Each of the former 12 Member States of
the EU contains no fewer than two representative soil types, except for Luxembourg, for obvious reasons of size. The
„most European" country with regard to
its soil catalogue is France, which, due to
its geographical setting and resultant pedogenetic variability, comprises the entire
spectrum of representative soils. With regard to implicit chorological representativity all of the Member States of the
European Union have representative soils.
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Field description of EUROSOILS: sampling sites, profile
properties and collection procedures
G. Kuhnt1 and L. Vetter2
' Applied Physical Geography, University of Hanover, 30167 Hanover, Germany
2

Fachhochschule Neubrandenburg, Postfach 110121, 17041 Neubrandenburg, Germany

Introduction

By means of complex map and data inter
pretation techniques five small areas scat
tered throughout the European Union
were identified as sampling sites for refer
ence soils to be used in soilrelated stud
ies. The areas are located near:
j Aliminusa in Sicily. Italy
ü Krioneri on Peloponnesos, Greece
□ Cardiff in Wales, Great B ritain
j Caen in Normandy, France
u Lauenburg in SchleswigHolstein,
Germany.
As a matter of fact, however, even large
scale pedological or geological and geo
morphological maps only reflect natural
conditions in a more or less generalised
way. Therefore, a careful and systematic
evaluation of the specific situation within
the areas identified as being representative
must be performed in the field in order to
exactly determine the optimum location
for the sampling of specimens.
The size of the areas taken into considera
tion varies according to the amount of ma
terial (maps, data, publications etc.) avail
able for the preparation of the field trips.
Since the soil cover and the geological
and geomorphological situation of the re
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spective regions in Great B ritain, France
and Germany are sufficiently documented
by largescale maps and/or profile analy
ses, the size of the areas to be explored
could be limited to a few square kilome
tres. In the case of Italy and Greece only
smallscale soil or geological maps are
available and it was therefore necessary to
study comparatively larger regions of up
to 60 square kilometres intensively.
The first part of this report deals with the
methods of site exploration applied to ver
ify the preliminary selection and to find
representative soil profiles during several
field trips. In the second part, the five
sampling areas are described with respect
to their topographical, geological and
geomorphological situation and a detailed
presentation of the soil profiles from
which the specimens were taken is given.
The third part outlines the sampling pro
cedures at the representative locations.
Site exploration

Since the formation and development of
different soil types are highly dependent
on topography as well as on geology and
geomorphology, the first step in site ex
ploration consists in a detailed survey of
these parameters. Moreover, the spatial
configuration and appearance of vegeta
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tion and land use patterns must be care
fully analysed in order to determine the
degree of alteration in soil quality due to
these factors.
With respect to the main task of the sam
pling campaigns, special attention was
paid to adequately defining the optimum
sampling point within the areas specified
by computer analysis. This involved:
□ a detailed analysis of numerous soil
cores taken by drilling equipment,
□ estimation or measurement of the
main sorption controlling parame
ters, pH value, grain size distribu
tion, organic matter and carbonates,
α a topographical, geomorphological,
geological, and hydrologicai sur
vey,
α evaluation and documentation of
the land use situation.

To determine the appropriate site for sam
pling, the area taken into consideration
was analysed by means of grid sampling
with an auger. The drill cores serve to de
termine the predominant soil types and the
associated soils. Each drill core was scru
tinised with respect to the above men
tioned soil properties. The routine field
methods for these parameters are impor
tant because a pedological evaluation of
the area must be accomplished by finding
the optimum profile, i.e. the profile must
reflect the typical soil constituents of this
soil type and the predominant spatial and
pedological association patterns of the re
gion. Sometimes the soil cover in the po
tential sampling area may be inhomoge
neous. influenced by erosion, man, or
other factors. To tackle this problem the
drill core analyses were continuously
compared.

Table 1  Main characteristics of EU representative soils and sampling sites
EU SOIL
1:1 Mio.

MAP

FAO Soil
Europe

LUVISOLS

PODZOLS

Podzolized
of Brown Forest Brown Mediter Graybrown
Soils p.p.
ranean Soils p.p. Podzolic
Soils Soils
p.p.

map

Frequency
Son.

CAMBISOLS

44.7

(%)

RENDZINAS

Rendzinas

15.7

6.7

5.0

CLIMATE

Moisture

Regime

Temperature
Vegetation
use
GEOLOG

Regime

xeric

Udic

udic

xcric

mesic

thermic

Mesic

mesic

thermic

Meadow

Arable Ground

Coniferous
Foresi

Broadleaved
Trees/Scrub

Loess Sediments

Fluvioglacia
Deposits

Lacustrine

Venie Cambisol

Orthic Luvisol

Orthic Podzol

Orthic Rendzina

Aliminusa Sicily

Rots Normandy

Gudow
Holst.

Italy

France

F.R. Germany

and Land Pasture

y IP A

RENT

MATERIAL

Representative
pling location

Till
drill

Glacial Marine Deposits

Dystric
Cambisol

FAO Soil Unit

EU Member

udic

sam Radyr Wales

State

Great B ritain

42

Schl. Souli Peloponnesos
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With the help of routinely used field
methods, the main sorption controlling pa
rameters were determined or estimated for
each core. To measure the pH value,
sieved fine soil (grain size <2mm) is
brought into suspension in a soil solution
ratio of 1:2.5. After 1020 minutes the pH
is measured using a glass electrode and a
pH meter calibrated for the expected range
of values. The approximate grain size dis
tribution is determined by finger trial with
plasticity, reliability, lubricity and asperity
as relevant criteria. The content of organic
matter is deduced from the colour of
black, brown and/or grey coloured humus
components and other coloured mineral
particles according to the Munsell Soil
Color Chart. The amount of free carbon
ates in the sample is estimated by the
amount of carbon dioxide that forms in
the reaction with hydrochloric acid.
After determining the final location of the
sampling site, it is characterised according
to the following criteria:
D
α
□
α
D

topographical position
(longitude, latitude),
altitude,
relief, inclination, exposition,
climate,
vegetation and land use.

For the pedological documentation of the
profile, a pit including all genetic soil ho
rizons down to the initial substratum was
dug and prepared at the location. For
documentation purposes general and de
tailed pictures of the profile were taken
with a yardstick in position. The analysis
of the profile, which resulted in the defini
tion of diagnostic horizons, was made by
estimating the relevant soil properties by
means of the field methods briefly de
scribed above. The characteristics of the
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soil profile, as detected by visual inspec
tion, measurements, or estimations were
documented in the field book.
Beginning at the lower parts of the profile,
samples were taken from typical sections
of all different horizons of the key profile
for subsequent analysis in the laboratory.
Although only parts of the profiles
(mainly top soil samples) are used to form
reference material, a detailed analysis of
all genetic horizons is necessary to charac
terise the soils and their specific properties
definitively.
Table 1 summarises the main results of
soil selection by map interpretation and
field research. This synopsis clearly shows
the different features of the soils sampled.
The dominant soil moisture regimes
within the EU realm are udic and xeric,
and the dominant temperature regimes are
mesic and thermic. Cambisols are distrib
uted all over the Union, therefore two rep
resentatives of this group under different
climatic conditions are considered. Luvi
sols mostly occur in North and Central
Europe, Rendzinas are frequent in the
South, and podzols are typical soils of the
North. Accordingly, the sampling sites are
located within the climatic zones where
these soils predominantly occur.
From a detailed analysis of maps of the
natural vegetation and land use in the
European Union it was found that pasture
and meadow, arable land, coniferous for
est and broadleaved trees must be taken
into account to assure representativity in
this case as well. As a consequence, dur
ing field work special attention was also
paid to these requirements. The synopsis
of the geological situation demonstrates
that a reasonable diversity in the parent
material of soil formation was also
achieved. All together, the combination of
different soil types on alternate parent
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Landscapes of the EUROSOIL-Sampling Sites (from left to right, top to down): Aliminusa (ES-1 )
/Sicily, Souli (ES-3)/Peloponnesos, Glamorgan Gwent (ES-3)/Wales, Rots (ES-4 and -6)/Normandy,
Laucnburg (ES-5)/Schleswig-HoIstein and Scetal im Lungau (ES-7)/Salzburg.
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Profiles of the EUROSOILS (from left to right,
top to down): Vertic Cambisol (ES-1), Rendzina
(ES-2), Dystric Cambisol (ES-3), Orthic Luvisol
(ES-4), Orthic Podzol (ES-5), Dystric Cambisol
(ES-7) as well as large profile with the sub-soil
(ES-6) from the French Orthic Luvisol.
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material under varying climatic conditions
and numerous types of vegetation forms
the best preconditions for obtaining refer
ence material that is either representative
for the EU territory or that differs with re
spect to its sorptive properties. In the fol
lowing, the sampling sites and soil pro
files will be described in detail.

Site description and profile analysis
EUROSOIL 1
FAO Soil Unit:
Soil Association:

Vertic Cambisol
Brown Mediterra
nean Soils
Sampling Site:
Aliminusa, Sicily
EU-Member State:
Italy
Vegetation, Land Use: Grassland / Meadow
Landscape of EUROSOIL 1
The sampling area for the Vertic Cambisol
is located between 500 and 1000 meters
above sea level. It is characterised by
moderate relief intensity with large-scale
alternation of relatively steep slopes and
flat or gently sloping areas, divided by
small, mostly dry valleys. The combina
tion of Mediterranean climate and relief
leads to the acceleration of soil erosion
processes on steeper slopes, resulting in
the formation of colluvial soils on some
terraces and valley floors.
Geological situation of EUROSOIL 1
Although the rocks exposed in the sam
pling region are almost entirely marine
sediments from the Tertiary age, the pe
trography is rather inhomogenous. Grey
ish-brown clay stones and siltstones of
varying degrees of compactnees are asso
ciated with platy to massive limestone
layers and light yellow sandstones poor in
or free of carbonates. Intermittent out
crops of marine sandstones with a green
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shade due to glauconite also occur. Be
cause of the alternating iron content of the
parent material the weathering products of
the sandstones appear in different colours.
Soil properties of EUROSOIL I
The Vertic Cambisol as sampled near the
small village Aliminusa in Sicily, about
45 kilometers southeast of Palermo, is a
typical representative of brown soils oc
curring in the Mediterranean region. Due
to its very high clay content, which is not
untypical for soils of this kind, both the
ochric A horizon and the cambie Β hori
zon show vertic properties. During the hot
and dry summer months shrinking of clay
minerals results in the formation of deep
cracks with a width of about 1 - 2 cm. In
the relatively humid winter season the soil
is usually very wet due to slow soil-water
percolation. Alternating expansion and
contraction appears to be responsible for a
downward translocation of organic mate
rial from the A horizon and for some
slickensided surfaces seen predominantly
in the blocky to prismatic Β horizon when
dry. As a result of the soil properties men
tioned the vegetation cover - mostly grass
with some thistles and wild artichokes - is
naturally thin, the surface of the soil has a
sparse layer of litter and at some places
the bare, yellow-brown, fine textured A
horizon is exposed.
The Vertic Cambisols occur in small-scale
association with Regosols and Vertisols,
depending of the composition of the par
ent material exposed. The Ah-Bw-C pro
file under meadow is almost free of sand,
the reaction is moderately acid and the or
ganic carbon content is relatively low. The
ratio of clay/organic matter indicates that
the relatively high cation exchange capac
ity is based mainly on the sorptive quali
ties of the clay minerals. Within the com-
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píete set of EUROSOILS the latter is the
outstanding feature of the soil sampled in
Sicily, which stands for the soils rich in
clay but relatively poor in organic carbon
that are widely distributed in the Mediter
ranean region. B ecause the clay minerals
might influence the sorptive properties of
this sample in a lasting manner, the results
of batch experiments indicate to a certain
extent the affinity of chemicals to be
bound at clay surfaces.

Soil profile description of EUROSOIL 1
Map:
Montemaggiore B elsito
1:25 000;
Location:
2.2 kilometers eastnortheast
of the centre (church) of
Aliminusa;
Site:
gently sloping terrace with a
northward exposure;
Elevation:
approx. 650 meters a.s.l..

colour, harder in consistency and that
prismatic structures and some slickensides
occur at the surfaces of the aggregates.
The B C horizon is indicated by a com
plete lack of roots, an easily visible
change of colour (light brown) and a co
herent structure without any cracks.
During the wet season the soil profile
looks completely different. Due to the
high clay content the soil is poorly drained
and below 60 centimeters from the surface
the matrix is almost saturated with water,
causing reducing conditions and gray to
black colours. The dark brown B w hori
zon shows predominantly aerobic condi
tions but since some parts are anaerobic,
the matrix appears spotted. The structure
of the soil is coherent and no aggregates
or cracks exist.
EUROSOIL 2
FAO Soil Unit:
Rendzina
Soil Association: B rown Forest Soils
and Rendzinas
Sampling Site:
Souli, Peloponnesos
EUMember State:
Greece
Vegetation, Land Use: B roadleaved trees

Soil horizons of EUROSOIL 1
α Ah (030 cm) coarse granular to
subangular blocky.
□ B w (3060 cm) angular blocky to
prismatic.
□ B C (60 cm) coherent.
The appearance of the soil profile is
greatly influenced by a slight self
mulching effect caused by the periodical
occurrence of wet and dry conditions. As
mentioned above, a certain amount of or
ganic material from the upper part of the
soil is translocated into the B w (B C) hori
zon. This effect is responsible for only
weak changes in colour and wavy, gradual
horizon boundaries. The A horizon, inter
sected by many long, small roots, is yel
lowish brown and slightly darker in the
lower part due to a higher moisture con
tent. The main difference between A and
Bw horizon is that the latter is darker in
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Landscape of EUROSOIL 2
The sampling site for the Rendzina is situ
ated on Peloponnesos/Greece at about 600
m a.s.l., 12 kilometers south of the small
port town of Kiato. The exact position is
on the righthand side of the road to
Krioneri. approx. 1000 m south of Souli.
In general, the appearance of the relief is
similar to the situation in Sicily (EU
ROSOIL 1), though flat or gently sloping
plateaus on various levels are larger in ex
tension. Deep valleys, opening to the
northnortheast, are cut into the plateaus.
Soil erosion processes occur mainly on the
inclined parts of the area, accelerated by
intensive agricultural use (viticulture, ol
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ives). On the broad (3.5 km) coastal plain
in the north, fruit growing is the major
land use.
Geological situation of EUROSOIL 2
As documented in the Nemea Sheet of the
Geological Map of Greece 1:50,000, most
of the exposed rocks are sediments of late
Tertiary age. Specifically, for the sam
pling area taken into consideration, the
parent material for soil formation is mod
erately
consolidated
PlioPleistocene
sediment rich in clay and carbonates.
More detailed petrographical analyses
show that limnal and fluvial deposits are
interbedded in smallscale alternation.
Slightly dipping beds of compact silt
stones and claystones containing large
amounts of carbonates are interstratified
with relatively unconsolidated layers of
wellrounded pebbles with average diame
ters of 5 to 10 cm. The unweathered rock
usually appears greyish white to light yel
low.
Besides this, some thin dark brown to red
dish brown stripes also occur due to selec
tive accumulation of iron oxides.
Soil properties of EUROSOIL 2
Since longstanding intensive agricultural
use in large parts of the sampling area has
led to soil profile degradation, the
Rendzina in its typical form is found
mainly under natural vegetation (scrubs,
bushes, sclerophyllous woodland). The
soil sampled at the location described here
shows the characteristic features of a typi
cal Rendzina. Loose leafy litter rests on a
dark brown to black mollic A horizon that
is speckled with white fragments of the
parent material. The A horizon is charac
terised by a welldeveloped granular
structure, a relatively low sand content
and a considerable amount of free CaCOi.
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resulting in a pH value above neutrality
and complete base cation saturation. The
dark colour is caused by a high content of
organic matter.
Below the A horizon, at a depth of approx.
30 to 35 cm. there is a narrow light brown
transitional horizon where weathering has
softened the solid parent rock, followed
by the white limestone forming the C ho
rizon.
Soil profile description of EUROSOIL 2
Map:
Geological Map of Greece,
Nemea Sheet 1:50 000:
1.0 kilometer beyond the vil
Location:
lage of Souli on the road to
Krioneri/Nemea;
Site:
moderate slope with eastward
exposure;
Elevation:
approx. 680 meters a.s.l.
Soil horizons of EUROSOIL 2
□ Ahk (030 cm) granular
□ ACk (3035 cm) granular to fine
subangular blocky
□ Ck (35 cm) coherent
Rendzinas are very common soils in re
gions where limestones or other calcare
ous sediments are exposed. They are dis
tributed throughout a wide range of cli
mate and bear many different plant com
munities. Within the complete set of test
soils the Rendzina from Greece represents
soils with high pH values and a high or
ganic carbon content.
EUROSOIL 3
FAO Soil Unit:
Soil Association:

Dystric Cambisol
Acid B rown Forest
Soils
Sampling Site:
Glamorgan Gwent,
Wales
Great B ritain
EUMember State:
Vegetation, Land Use: Grassland / Pasture

Field description of EUROSOILS

Landscape of EUROSOIL 3
The Vale of Glamorgan, where the sampling area of Dystric Cambisol is located,
forms a low plateau rising gently inland
from about 90 m to 120 m a.s.l. .
The scarp is breached by several major
rivers that drain the hills, some having cut
spectacular gorges into the Carboniferous
and Triassic strata. The downlands form a
central rib of slightly higher ground. To
the north extends the broad and undulating
depression of Bro Miskin.
The gently rolling relief of the landscape
in its present shape was formed predominantly by the Pleistocene glaciation.
Geological situation of EUROSOIL 3
The coastal belt is made up mainly of
Lower Lias limestones. In the west sandstones become more predominant, as they
do in the eastern part of the coast, where
thick sandstone bands crop out near Cowbridge. In the southeast the Trias rocks are
red and green mudstones with occasional
calcareous intrusions. Also near Cowbridge limestone conglomerates appear.
East of Cardiff Devonian red mudstones
crop out locally mixed with some sandstones. The latter are even more dominant
north of Cardiff, near Dinas Powis and to
the west on the inside of the anticlinal at
Hensol Park and Stalling Down.
During the first phase of Pleistocene glaciation, ice from the Irish Sea entered the
Vale from the west and crossed the coastal
plateau, almost reaching Cardiff and leaving erratics while retreating. Iceimpounded lakes were formed in the major river valleys. Simultaneously local ice
also crossed the plateau from the hills and
abutted against the Irish Sea ice. During
the second phase the Irish Sea ice did not
reach as far as the plateau. Only local ice
moved into the Bro Miskin Basin, where it
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deposited a hummocky terminal moraine,
which has a kame and kettle topography.
Soil properties of EUROSOIL 3
In the northeast of Glamorgan Gwent about 5 kilometers north of the boundary
of Cardiff - the Dystric Cambisol was
sampled on the Richard farm. The location is characterised by a humid climate
due to high annual rainfall, which is everywhere 1000 mm and more. The district
is a typical mixed farming area where
small and medium-sized holdings predominate. The land values vary between
100 and 200 pounds and 200 to 300
pounds per acre. First evidence of systematic agricultural land use dates back to the
Roman Era. Extensive crop farming was
practiced in the early 20 lh century on the
well drained soils of the Vale, though it
declined with the increasing demand for
milk. Only recently a return to corn growing has taken place, particularly near the
coast.
EUROSOIL 3. represented by the Radyr
Series in the Vale of Glamorgan, comprises loamy well drained soils in drift
largely from Carboniferous sandstones
and shales. Generally the soils are less
coarse in texture and mostly loams. The
structure is usually fine crumb or very fine
subangular blocky. The soils are naturally
acid and lack phosphate. Organic matter is
carried down in channels by earthworms
to a considerable depth in the profile.
EUROSOIL 3 is associated on a small
scale with Gleyic Cambisols, Calcic Cambisols and Calcarle Gleysols.
The Ap-Bwl-Bw2-Bw3/C profile of the
soil sampled under pasture shows a wellvisible Ap horizon resulting from the fact
that until the early 70's the land was used
for crop growing.
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Soil profile description of EUROSOIL 3
Map:
Soils of the Vale of Glamorgan
1:63 360
Location:
200 m southeast of farmhouse
sloping moraine with west
Site:
ward exposure
Elevation:
approx. 60 meters a.s.l.
Soil horizons of EUROSOIL 3
a Ap (0-30 cm) fine crumb to very
fine subangular blocky
α Bwl (30-60 cm) fine crumb to very
fine subangular blocky
D Βw2 (60-150 cm) polyhedral
α Bw3/C(> 150 cm)
The solum is generally rather stony and
has an overall brownish to reddish brown
colour. As a typical result of intensive
weathering under humid conditions the
iron from primary silicates is transformed
into oxides and hydroxides, coating quartz
grains or forming coagulates. While the
brown colour is caused by hydrated iron
oxides from in-situ weathering, the red
dish appearance of the profile is lithochromatic.
The pebbles and boulders scattered within
the loamy moraine material are mostly of
sandstone or glauconite sandstone. The
gradient of weathering intensity clearly
decreases with depth. The Ap horizon,
which contains stones of up to 10 cm size,
is characterized by a Munsell colour value
of 5YR 3/3. Secondary pores, such as root
channels, are sporadically found. A slight
change to lighter colour (5YR 3/4) indi
cates the diffuse transition zone between
the Ap and the Bwl horizon. Characteris
tically, the boundaries of the horizons of
Cambisols are blurred.
In comparison with the Ap horizon, the
Bwl contains more and bigger stones but
has a lower content of organic matter and
clay. At a depth of approx. 60 cm, the
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boundary between the Bwl and the B\\2
horizon is marked by a layer of about 5
cm width rich in medium to coarse
grained sand with a Munsell colour value
of 5 YR 4/6.
The Bw2 horizon is characterised by a
polyhedral structure and a complete lack
of roots. At a depth of >150 cm the
Bw3/C horizon can be identified by a yel
lowish brown colour and a bulk density of
about 1.5 to 1.8.
The profile description of the Cambisol
sampled at the representative location in
Wales indicates that this soil stands for
widespread pedological associations de
veloped on loamy, moderately consoli
dated parent material that are often found
in the northern parts of the Union.

EUROSOIL 4
FAO Soil Unit:
Soil Association:

Orthic Luvisol
Gray-brown Podzolic
Soils
Sampling Site:
Rots. Normandy
EU-Member State:
France
Vegetation, iMitd Use: Wheat / Arable Land
Landscape of EUROSOIL 4
Normandy, a landscape in the Northwest
of France, comprises the high plateaus of
Cretaceous limestone at the mouth of the
Seine and the peninsula of Colentin.
Although Normandy consists of different
individual landscapes, considered as a
whole it is one of the characteristic re
gions of France. North of Caen near a
small village named Rots, which is situ
ated within an area of intensive agricul
ture, the sampling location of the Orthic
Luvisol is situated on a gently sloping and
westward exposed plateau at approx. 25
meters a.s.l. .
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Geological situation of EUROSOIL 4
Geologically, Normandy is divided into
two different regions: the western part belongs to the Armorican massif, whereas
the eastern part is formed by the northern
verge of the Paris Basin. During the
Variscan Orogeny mountain ranges developed in the Carboniferous crystalline
rocks.
These ranges were subsequently levelled,
leaving a peneplain. The marine transgressions of the Mesozoic and Tertiary Era
deposited marine and terrestrial sediments
into sedimentation troughs. The Paris Basin represents such a trough.
In the course of subsidence processes and
the Alpidic Orogenesis during the Tertiary, the benchland landscape of the Paris
Basin was formed. Since Normandy itself
reaches into the Paris Basin, parts of it
show benchland features. Accordingly, it
is mainly the northern part that is built up
of stratigraphie sequences from the Mesozoic and the Tertiary.
In the west, flat plateaus (Contentin) and
granite sandstone ridges (Bocage) predominate. The morphological processes
that shaped the present day relief of Normandy can be traced back to the Oligocene. Under periglacial conditions during
the Pleistocene, loess was deposited
across wide areas.
Soil properties of EUROSOIL 4
The pedogenesis and the climate of this
region are strongly influenced by its proximity to the open sea. The generally high
precipitation values decline from west to
east ( 1 2 0 0 - 8 0 0 mm).
The mean annual temperature regime is
quite constant with a low potential evaporation rate, the latter also being dependent
on the latitude. Vast areas of Normandy
are covered by loess, an aeolian sediment
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of balanced grain size distribution that is
rich in carbonates. The development of
EUROSOIL 4 began during the late
Pleistocene, when an arid and cold steppe
and tundra climate was common, and continued under the temperate humid conditions of the Holocene. The typical brown
colour of the Luvisols developed on the
loess is the result of iron oxide formation.
Intensive colouring can be observed in
soils with pH values below 7 as a result of
the washout of carbonates.
The weathering of mica results in the formation of clay minerals which, together
with the primary clay minerals, are subjected to displacement if the soil pH is approx. 5 to 6.5. This leads to the formation
of both eluvial and illuval horizons. The
argillic weathering residue can lead to an
accumulation of water in the soil profile,
adversely affecting the aeration of the soil.
As a result of waterlogging, anaerobic
conditions may partly cause a reduction of
iron and manganese oxides.
The site of the EU-representative Orthic
Luvisol near Caen in Rots (Normandy) is
characterised by thick loess deposits of
late Pleistocene age overlying compact
Cretaceous limestone. Because of the
soil's fertility and productivity most of the
area best suited for sampling is under intensive agricultural use.
This fact is responsible for some peculiar
features of representative EUROSOIL 4.
Due to the common practice of liming the
pH value of the A horizon is 1 to 1.5 units
higher than in untreated Orthic Luvisols.
Another result of the intensive cultivation
is that the tilled horizon is poor in organic
matter. Apart from this the selected soil
shows the typical attributes of downward
translocation of clay-size material, including feme oxides, from a loamy surface,
forming a distinct brown, blocky to sub-
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polyhedral structured B t horizon with clay
skins on ped surfaces and along channels.
The soils of all of Normandy represent a
rather homogeneous area due to the geo
logical and pedological situation. In this
region, the Orthic Luvisol is associated
with various Luvisols, such as especially
Calcic and Gleyic Luvisols or with Cam
bisols and Gleysols.

the Bt. Occasional, but visible, clay cu
tanés and lightly sparkling peds are typical
properties of an illuvial Bt horizon. The
colour changes to 7.5YR4/4. The Ck horizon constitutes the transition from loess to
the underlying limestone. Since the
slightly weathered limestone does not represent the parent material of soil formation, it is to be called an R horizon.

Soil profile description of EUROSOIL 4
Map:
Cartes des formations superfi
cielles et cartes geomor
phologiques de Basse
Normandie (Feuille de
BayeuxCourseulles) 1:50 000
Location:
Rots, northern Caen
gently sloping plateau with a
Site:
westward exposure

EUROSOIL 5

Soil horizons
□ Ap (020 cm) fine crumb to suban
gular blocky
α E (2055 cm) blocky to subpolyhe
dral
ϋ Bt (55-90 cm) polyhedral
ϋ Ck (> 90 cm)
The representative Orthic Luvisol shows a
soil matrix with the typical horizon se
quence Ap-E-Bt-BCk-Ck. The Ap is
weakly intersected by roots. In accordance
with the high productivity of this soil, the
Ap horizon is highly influenced by an
thropogenic treatment, such as ploughing
and intensive application of fertilisers and
pesticides. As a result of liming, some fine
to coarse carbonate gravels are noticeable
in this part of the soil body and the colour
was determined as 10YR3/3. The eluvial
horizon indicates isolated organic matter
and its bulk density is negligibly higher
than in the upper horizon. With a Munsell
value of 10YR4/4. the E horizon is
slightly paler due to clay translocation into
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FAO Soil Unit:
Soil Association:
Sampling Site:

Orthic Podzol
Podzolized Soils
Lauenhurg.
Schleswig-Holstein
Germany
EU-Member State:
Vegetation, Land Use: Coniferous Forest
Landscape of EUROSOIL 5
The representative sampling site of the
Orthic Podzol was identified as being located about 23 kilometers (linear distance)
northeast of Lauenburg in the southernmost part of Schleswig-Holstein. Germany. The forest where the sample was
taken is crossed by the highway from
Hamburg to Berlin and the village of Gudow is located nearby. Due to the geological and geomorphological situation described in the following, the landscape
appears to be a slightly undulating plain
with some shallow, occasionally swampy
depressions and a few elevations, seldom
extending above 60 meters.
Geological situation of EUROSOIL 5
From the geological/geomorphological
point of view the sampling area is characterised mainly by fluvioglacial sediments
deposited during the late Pleistocene when
the meltwaters of the Weichsel glaciation
flowed from the north-northeast in the direction of the Elbe Marginal Streamway.
During the late Pleistocene and early
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Holocene some modification of the land
scape took place, but in general the region
shows the typical features of a glacial
outwash plain. Accordingly, the parent
material of soil formation is almost en
tirely sand that is naturally acid and poor
in nutrients.
Due to the short distance between the
sampling location and the former ice mar
gin in the north the coarse grain fraction
dominates in the composition of the sedi
ments.
Soil properties of EUROSOIL 5
Orthic Podzols are associated mainly with
coniferous vegetation and a cool humid
climate, but they also occur under other
conditions. The physicochemical proper
ties of the reference soil sampled at the
regionally representative location de
scribed here differ completely from those
of the above soils. On the one hand, the
clay content of the sandy soil substratum
tends to zero and the pH value is ex
tremely low. On the other hand, the or
ganic carbon content of the Podzol is the
highest of all the soils considered for test
ing purposes. Here it should be mentioned
that due to inhibited microbial activity the
organic matter in untreated Podzols under
forest is usually poorly degraded and con
sists largely of fulvic acids. The Podzol
sampled here is barely influenced by an
thropogenic activities, making the soil
representative of large regions of the EU
in which coniferous woodlands are devel
oped on acid soils from siliceous parent
material.
Soil profile description of EUROSOIL 5
Map:
Location:
Site:

TK 25. 2430: Gudow 1:25 000
approx. 1 000 m southwest of
the highway station Gudow
fiat glacial outwash plain
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Elevation:

30 m a.s.l.

Soil horizons
α (8 0 cm) poorly degraded, loose
and spongy surface litter
α Ah (01 lem) single grain to fine
granular
□ E (1125 cm) single grain
α B hs (2532 cm) loose subangular
blocky
α B s (3248 cm) firm subangular
blocky to coherent
α B C (4865 cm) bridge
□ C (65 cm) single grain
EUROSOIL 5 is a fully developed Orthic
Podzol showing a sequence of horizons
that are typical of soils of this kind. The
loose and spongy surface litter, which is
slightly fermented in the lower parts of the
O horizon, consists of undegraded or
poorly humified grass, moss and needles
as well as branch and root residues or
other plant fragments. With increasing
depth the organic matter is in a more ad
vanced state of decomposition and grades
into the very dark grey mixture of organic
matter and mineral material that forms the
Ah horizon. This horizon is slightly inter
sected by small roots, and fragments of
charcoal can be easily identified. Due to
translocation of iron oxides from the Ah
horizon into the deeper parts of the pro
file, the darkcoloured horizon is speckled
with bleached quartz grains.
The pale grey E horizon, showing the
characteristic single grain structure, con
sists almost completely of bleached quartz
grains because either humic substances or
iron oxide coatings and other metal ions
(cf. aluminum) have been mobilised and
subjected to translocation by percolating
water. The substances washed out in the
upper part of the profile are enriched in
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the following horizons. While in the very
dark brown to black Bhs horizon, organic
matter and iron and aluminum have accumulated, the deep brown colour of the Bs
horizon and its coherent structure are the
results of a selective accumulation of sesquioxides. The BC horizon indicates the
transition zone between the typical horizon sequence of the Orthic Podzol and the
parent material. Here, as a result of moderate weathering, the quartz grains are
coated with iron oxides, resulting in the
light brown colour of the BC horizon. At
approx. 60 cm the soil profile slowly
grades into the barely weathered fluvioglacial
sediments
forming
the
unconsolidated rock on which the Podzol
is developed.
EUROSOIL 6
FAO Soil Unit:
Soil Association:
Sampling Site:
Rots, Normandy
EU-Member State:
France
Vegetation, Land Use: Wheat / Arable Land
"EUROSOIL 6" does not represent a EUROSOIL in the defined sense. The five
reference soils described above were identified by means of various mathematical
procedures and verified in the field by
multiple site exploration techniques, in
recognition of the fact that they should reflect wide areas of the EU, a maximum
range of sorption controlling properties,
typical soil horizon combinations and different vegetation covers. The so-called
"EUROSOIL 6" does not fulfil these requirements at all. The sample is part of
EUROSOIL 4, taken from the BC horizon
to represent a subsoil that is poor in organic matter. From the technical point of
view, it is not possible to identify representative sub-soils by methods similar to
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those applied for EUROSOILS 1 to 5.
Therefore, in order to reduce the expenditures for soil sampling and treatment, it
was decided to take a subsoil sample from
one of the existing reference soils. Material from the BC horizon of EUROSOIL 4
was considered to be best suited because it
was easily obtainable in large quantities
and the preparation and homogenisation
caused only slight problems. Apart from
this, the sample is characterised by a relatively inhomogenous grain size distribution, and the organic carbon content does
not exceed 0.5 per cent.
Sampling procedures
The fieldwork at the representative locations continued with the sampling of approx. 150 kg soil. The topsoil material
was sampled from the A horizons, closely
adjacent to the profile pit. Before that,
numerous drill cores in the neighbourhood
of the profile were taken to insure that
changes in soil quality and structure do
not occur and that the profiles described
above are characteristic of the sampling
area as a total. Before taking the specimens, litter and plants had to be removed
carefully to guarantee proper sampling
and maximum homogeneity. While the
soil material was being filled into 50 kg
boxes with a funnel it was sieved (mesh
size approx. 6 mm), and cobbles, stones
and rocks were sorted out. The specimens
were immediately transported to the JRC
Ispra/Italy for air-drying and further
treatment.
As already mentioned in Chapter I a second sampling campaign to the above described sites was organised in 1992. The
campaign was organised with scope to
sample a sufficient amount for the remake
of the first EUROSOIL generation maintaining the basic properties. Consequently
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the second sampling was performed ex
actly at the same sites. Again, 160180 kg
of raw material was transported to the
JRC Environment Institute for further
processing.
Remark o n EUROSOIL 6
As already mentioned EUROSOIL 6 is
not an EUROSOIL in the defined sense.
During the campaign made for the collec

tion of the raw material for the second
EUROSOIL generation sampling of this
subsoil was omitted, as there was no need
to reproduce this material. However, in
order to avoid future confusion and mis
understanding it was decided to keep EU
ROSOIL 6 as a member of the European
reference soil set.
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Chapter VI
EUROSOIL 7 - a representative soil for alpine regions
Ch. Weissteiner1, A. Brandstetter2, A. Mentler1, H. Unterfrauner1,
W. W. Wenzel1 and W. E. H. Blum1
' Institute of Soil Science, University of Agricultural Sciences, Gregor-Mendel-Straße 33,
1180 Vienna, Austria
2

Federal Office and Research Centre of Agriculture, Spargelfeldstraße 191, 1226 Vienna,
Austria

Introduction

Criteria for selection of EUROSOIL 7

Because of the most recent enlargement of
the European Union in 1995 its total soil
surface increased, the European Commission's soil base became too'small and the
existing set of EUROSOILS (ES l - 6)
was no longer representative.
Soils in Europe are very unevenly distributed, due to the different ecological conditions, prevailing in its different regions.
Therefore, it became necessary to extend
the existing EUROSOIL collection, by including a typical soil of the Central Alpine
zone and at least one of Scandinavia. Austria as a typical country of the Central Alpine region, comprising the calcareous
Northern and Southern Alps and the Central Alpine zone, mainly formed by crystalline rocks was chosen. One soil type
was selected from the Central Alpine region, in which mainly Regosols and Cambisols have developed, with predominantly dystric properties, due to a low content of bases in the crystalline rocks.
Therefore, a Dystric Cambisol from the
area of Seetal im Langent, which is situated in the federal state of Salzburg, was
selected as the seventh reference soil
(EUROSOIL 7).

For Austria a soil map 1:1 Mio. (Fink et
af. 1979) as well as detailed soil maps exist at different scales (Blum et al, 1999).
Since no digitalised soil map for Austria is
available yet, data were derived from the
maps 1 : 25,000 of the Bundesamt für Bodenwirtschaft. The results show, that 24 %
of the arable land in Austria are formed by
Cambisols according to the FAO classification system (FAO, 1990) (Fig. 1).
Considering the equivalent soil type
"Braunerde" according to the Austrian
system, even 56 % of the area are covered
(Fig. 2). Neglecting the non-mountainous
regions in eastern Austria, the importance
of this soil group is even higher.
Agricultural land in the central Alps is
usually extensively managed. Extensivation increases with elevation. Because of
the high atmospheric proton input and a
lack of fertilisation, the originally slightly
acidic soils developed to Dyslric Cambisols with low cation exchange capacity
(CEC).
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On this basis, we selected a macroscopically homogeneous area of alpine pasture
land in the central Alps. After examining
the spatial variability of basic soil parameters (Blum et al, 1996a), an area of 0.5 ha
was chosen for soil sampling.
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formed at different altitudes. B y erosion
these terraces have been formed to the
actual shape. In tlïe sampling area no min
eral fertilisers and no pesticides were ap
plied. The vegetation is dominated by
Festuca sp., and Trifolium sp herbs.

□ Acris ol
: : Cambisol
α Chernozem
Π Fluvis ol
U Gleys ol
D Leptos ol
ü Luvis ol
E3 Phaeozem
::. Planos ol
93 Rcgosoi
Π Umbris ol
D ke/ne Zuordn. mogi.
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Figure 1 - Percentage of soils in Austria,
based on the FAO classification system
(FAO, 1994).
Figure 3  EUROSOIL 7 was taken in Seetal
im Lungau, in the federal state of Salzburg
near Tamsweg. The specific location of the
sampling site is enlarged.
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Figure 2  Percentage of the soil types in
Austria, based on the Austrian classification
system (B lum et al.. 1999).
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Site description
Topography
The sampling area for EUROSOIL 7 (ES
7) and the respective subsoil SO26 is lo
cated in the Lungan Region, in the south Figure 4 - Location of the sampling site near
western part of the federal state of Salz the Dorfer Hütte (Austrian map No. 158, Stadi
bttrg,
(altitude
1.655 in, latitude a. d. Mur. I : 50.000. 1996).
13°58'24". longitude 47°08'44"). The
Lungau region extends from East to West.
The northern and southern boundary is
formed by the Schladminger Tattern and
the Gurktaler Alpen, respectively. Relief
formation occurred in the late tertiary. Due
to repeated uplifting of the surrounding
mountain areas large terraces have been
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The sampling site can be reached from
Tamsweg in the federal state of Salzburg,
following the road B 96 in direction of
Murati, turning right after 10 km. into a
small road leading to Gstoder summit and
on to the Dorfcrhiitien (see map in Fig. 3).
The sampling site is located on the slope
between the road and the crest 50 m be
fore the first two houses (Fig. 4). More de
tails of the sampling site in a southern ex
position with a slope gradient of approx.
27" can be seen from the pictures in the
middle part of this book.
Geology
The Lungau is located in the crystalline
Central Zone. The basin of Tamsweg is
characterised by the MuralpenKristallin
(Geologische B undesanstalt Wien, 1980),
mainly formed by mica schist (Austrian
Geological Map 1 : 50.000). The valleys
are largely covered with glacial deposits
and alluvial material: mica schist and car
bon mica schist are dominating in the se
lected area, where in some places dolomi
tic lime intrusions occur (Geol. Karte der
Republik Österreich, 1958).
Climate
The climate of the Lungau is characterized
by relatively low precipitation (Tamsweg
750 mm) compared with surrounding ar
eas. Also large temperature variations be
tween night and daytime (up to 30 °C) and
between summer and winter (up to 20 °C)
are typical (Fessier, 1912) (see Fig. 5).
Field work
The soil was sampled according to guide
lines of Kuhnt el al. (1994a) in late Octo
ber 1997 after testing the homogeneity of
the area according to B lum et al. ( 1996b).
In an appropriate position of the selected
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area the sampling site was marked. In the
marked area of 10 m2 (8 χ 1.25 m), soil
bricks from the A|ls,horizon ( 0  7 cm) and
the B WCW horizon (35  59 cm) for ES 7
and SO26, respectively, were taken using
a spade. After removing the grass cover,
large stones and roots, the material was
put into plastic bags. The amount of sam
pled material was approx. 600 kg (fresh
weight) of the Ah„horizon and 200 kg of
the B w C w horizon. In November 1997, the
soil material was transported to the JRC.
Ispra (I), where it was dried and homoge
nised.

Tamsweg [ 1,020 m|
mean annual temp.: 6.7"C
mean annual prcc: 750 mm

prec.lmm.]

Temp. |°C|

/
+20. \
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100
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V - -~"~""~ =
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Figure 5  Climate data from Tamsweg, 10
km west of the sampling site (Hydrographical
Yearbook of Austria, 1994).
Soil description and soil properties
The soil type is a Dystric Cambisol (Ai,g 
Bw  B WCW  Cw) according to FAO classi
fication, (1994). According to the Austrian
classification system it is a "Fels
braunerde" (Fink, 1969). The parent ma
terial is weathered in situ on colluvial
acidic schist mica and carbon schist mica.
The colour is brownish to yellowish, since
weathering has led to an accumulation of
oxides and hydroxides in the B horizon.
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The A-horizon shows a black to dark
brown colour due to the high content of
organic matter.
The Ahg-horizon ( 0 - 7 cm) is rich in or
ganic matter with a high density of thin
roots. The number of pores is of approx.
50 - 200 χ dm"2, most of them with a di
ameter of 0.1
1 mm. Biological activity
is moderate to intense, a few worm chan
nels were found. Reddish and brownish
mottles (2 - 20 % of the surface area), of
< 5 mm diameter and distinct contours
with sharp boundary occur, which indicate
pseudogleyic properties in the Ahg-horizon
as a consequence of impeded drainage due
to local soil compaction by grazing ani
mals. The colour (moist) is M YR 2.0/3.0
(Munsell). The boundary to the Bwhorizon is smooth and < 2 cm wide. The
structure is moderately expressed, the size
of the clearly visible sub-angular blocks
ranges from 1 - 5 cm. The texture of the
fine earth (< 2 mm) is silt loam.
The Bw-horizon (7 - 35 cm) shows a
brighter colour (10 YR 3.0/4.0). The or
ganic matter content is distinctly lower as
well as the root density (10 - 200 χ dm"2.
< 1 mm diameter: 1 - 5 χ dm"2. 1 - 2 mm
diameter). Porosity and biologic activity
are not significantly different to the Ahghorizon. The texture of the fine earth (< 2
mm) is sandy loam. The structure is domi
nated by clearly visible sub angular blocky
aggregates of 0.2 - 7.5 cm. The boundary
between the B w and BwCw-horizon is wavy
within 2 - 5 cm. No mottling occurs in the
B w -horizon. Stony material (> 2 mm) is
more frequent and larger in dimensions
than above.
The BwCw-horizon (35 - 59 cm) is differ
ent from the Bw horizon through its
brighter colour (10 YR 4.0/4.0) without
clearly expressed structure. The texture is

loamy sand and roots are rare (5 - 10 dm"2.
1 - 2 mm diameter: 5 - 10/dm2. < 1 mm
diameter). Porosity is quite stable,
whereas the stony part is increasing in fre
quency and diameter.
The C„-horizon is deeper than 59 cm and
is formed by rocks of schist mica and car
bon schist mica.
The pH of 4 is in accordance with the rock
parent material. There is no strong pH
variation with depth. The organic carbon
content in the A-Horizon is rather high
(68.6 g χ kg' ). The inorganic carbon con
tent is lower than 0.3 g χ kg"' (Ahghorizon) and is therefore not displayed in
the figure. Although limestone intrusions
are frequent in the selected area, the
CaCOi-content of 2.7 g kg" proves, that
the sampling area is not affected. The C/N
ratio is in a common range. Bulk density
is low for the two upper horizons, and
higher in the BvCv-horizon (Tab. 1 ).
Cation exchange capacity (CEC) is very
low. While for the Ahg-horizon 73 mmolc
χ kg"' were found, CEC decreases with
depth and reaches a minimum in the C v horizons with 5 mmolc χ k g ' . Since the
carbon content shows the same distribu
tion with depth, it is obvious, that CEC is
mainly influenced by organic carbon con
tent. Al and Ca dominate CEC (Fig. 6).
The Ahg-horizon and the Bv-horizon are
rich in oxides and hydroxides of Fe, Al
and Μη. Dithionit-soluble iron contents of
20.000 mg χ kg"1 are typical for Cam
bisols. In the BvCv-horizon and Cv-horizon
these contents are decreasing significantly
(Fig. 7). The vertical distribution of the
NH.poxalate-soluble fraction, which rep
resents the amorphous oxide- and hydrox
ide-fraction, is similar.
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Table 1 - Soil characteristics determined on the site
Horizon

Bulk density
Igcm'l

c,„,
Is kg'l

Depth
[cm]

pHH20
CaCU

Ahg

0-7

4.02

5. IS

0.92

68.6

4.8

14.29

2.7

B„

7-35

3.91

5.36

0.94

32.1

2.5

12.84

1.3

BWCW

35-59

3.84

5.47

1.31

6.7

0.6

11.17

1.9

c„

>59

3.71

5.48

-

2.6

0.5

5.2

1.6

The ratio oxalate soluble and dithionitsoluble iron (Feo/Fej) indicates the part of
the amoiphous fraction of the total fraction. It amounts at more than 50 % in the
Ahg- and Bv-horizons and less than 50 % in
the deeper horizons (Fig. 8).
Figure 9 represents - for exception of Cr the total contents of heavy metals for the
soil profile. Cu is increasing slightly towards the deeper horizons, whereas Ni is
reaching the 3fold concentration in the C v horizon. This suggests a higher geogenie
content or transfer by seepage water
(Fig. 9).
Soil homogenisation and
standardisation
Homogenisation was achieved by turning
the soil in a specially built barrel by an
electric engine for at least 3 weeks. To ensure a sufficient grade of homogeneity, 10
samples à 50 g each were taken from the
bulk and analysed for total element concentration by means of XRF (Siemens SRS
300 Sequential X-Ray Spectrometer). Certified reference materials BCR 141, BCR
142 (JRC, Ispra) were used for calibration.
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C/N

CaCO,

Ig kg')

The statistical analyses included the intervariability (between 10 samples) as the
intravariability (10 subsamples of 1 randomly determined sample) and was interpreted according to Gawlik (1998) as
specified in the previous chapters:
ci inter — o ¡nini + O inhomogencily

An estimate of the actual inhomogeneity
was obtained by subtracting G2¡mer - 02i„tra·
After achieving a sufficient standard of
homogeneity, samples were filled into
dark boron silicate bottles and stored in
the European Commission's reference material collection in Ispra. A final homogeneity testing on the atrazine adsorption
behaviour was performed for EUROSOIL
7 according to the principles described by
Gawlik (1998). The results of this study
are shown in Table 2. Specific results of
the homogeneity testing are displayed in
Figure 10 and 11. A part of the samples
was sent to Austria, where the samples
will be used for an intercomparison exercise aiming at the evaluation of measurement quality of pedological parameters.
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DCV (Inlorvananzl
t3CV (Intravananzi

Figure 10  Homogeneity results for ES7. determined by XRF. B right columns arc showing
intervariance, dark columns intravariance.

□ CV (Inlervananz)
□ CV (Intravarianz)

Figure 11 Homogeneity results for the subsoil (SO 26). determined by XRF. B right columns
are showing intervariance, dark columns intravariance.
Table 2  Results of final homogeneity Study for ES7 adsorption behaviour with atrazine.

Interbottlc
Intnihottle
Freundlich
Isotherm

K'

Std. Dev.

CVI7cl

5.26
5.19

0.16
0.15

3.09
2.88
Ln (x/m) = l/n · Ln(Cc) + Ln(K,)
with l/n = 0.996 and Ln(K r )= 1.792; Kf = 6.00

Freundlich Isotherms were measured alter 24 h of équilibration. Initial concentration ranged from 0.5 mg/L to
It) mg/L. Distribution coefficients (K'l were measured at 5 mg/L initial concentration. Solutions were pre
pared using 0.01 M CaCl· in water and the pure substance.
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Table 3  Element concentration of EUROSOIL 7 and SO26 after digestion
with aqua regia (ONORIVI L 1085).
Ca
Mean
f
U)

Fe

Mg

Mn

Na

Ρ

Al

Cr

Cu

Ni

Pb

1532

7.336

982

92

756

23 033

35.8

26.0

66

1338

22.4

12S

45

7.6

31.1

611

1.46

1.30

1.09

2.01

2.93

CV[%]

5.4

3.7

1.5

1.7

4.6

8.3

4.1

2.7

4.1

5.0

4.7

5.7

2.7

1463 38 061 2531 10 146 44b

23.2 35.5

Zn

Sl.Dev.

Mean

1224 36 571

K

107

636 24 193 35.1 29.4 38.6 21.7 120

co
O
""

Sl.Dev.

98

1380

44.3

355

10.2

32.7

935

0.78

1.06

1.5

0.67

1.83

CV l'/r]

6.7

3.0

1.8

3.5

2.3

5.1

3.9

2.2

3.6

4.0

3.1

1.5

Table 4  Element concentration of EUROSOIL 7 and SO26 after microwave digestion by
HNOi/HsO: (method of the Institut für B odenforschung, Universität für B odenkultur Wien).
Ca

Fe

Κ

Mean 1,995 34,715 3.182

Mg

Mn

Na

Ρ

Al

Cr

Cu

Ni

Pb

Zn

6.372

916

23.271

54.3

21.0

<n Sl.Dev.

198

940

269

30S

35.8

1257

1.42

1.33

1.40

2.50

3.64

CV| r />]

9.9

2.7

8.4

4.8

3.9

5.4

2.6

6.3

6.3

7.3

3.7

8,641

465

Mean 2,206 37,223 3,726

845

22.896 49.1

22.0 34.2 97.3

27.3

36.3

112

Q

Sl.De
v .

185

762

218

296

15.9

57.5

X77

1.54

1.21

1.38

2.28

10

C V ['J)

8.4

2.0

5.9

3.4

3.4

6.S

3.S

3.1

4.4

3.8

2.0

to

Table 5  Results of the XRFanalyses of EUROSOIL 7 and SO26 (method from JRC, Ispra).
„ SiO, ΑΙ,Ο., CaO Κ,Ο Ft,0., MgO TiO,

SiO, Ρ,Ο Ν , Ο C Ì P b
I<"r )

Zìi

Cm

ÑÍ

Mn

Cr~

lllu/ku

IIIC/Vl!

(Γ Γ |

|Γ,|

Ο)

Ol

(Tri

('T)

t-

59.4

16.3

0.45

2.30

7.10

1.8(1

0.94

<0.()5 0.42 1.55 <0.05

41

123

27

37

1146 106

62.2

17.8

0.50

2.65

6.20

2.05

0.92

<0.05 0.25 2.00 <0.05

18

124

28

47

538

64

l'i)

ΠΙΐΛΐ! ΙΙ,ΐΛΐΙ Hin/kl! ΙΙΙΙΐ/klZ

C7rt

O

5

lr,l

a*
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Table 6  Comparison of EUROSOIL 7 and SO26 with the EUROSOILS 16.
Λ na lyte

Unit

ES 2

ES 3

ES 4

ES 5

ES 6

ES 7

S026

Sandtat

g kg

3.3

13.4

46.4

4.1

81.6

1.7

46.0

64.3

Coarse + Me
dium Sand

g kg

20

44

231

11

648

3

253

42

l'ine

g kg

13

90

233

30

68

14

207

240

g kg

219

641

368

757

126

S24

352

311
179

Sand

Slitto,
Coarse

Sili

Medium
Fine

Silt

Silt

ES 1

g kg

40

213

194

522

74

625

IS6

g kg

97

231

1 ii»

194

43

173

1 IS

86

g kg

82

197

5S

41

III

26

49

46

g kg

750

226

170

203

60

160

188

46

pH (1120)

5.9

8.0

5.8

7.0

4.6

8.3

5.2

5.4

PH

5.1

7.4

5.2

6.5

3.2

7.2

4.4

4.6

5.1

7.5

5.2

6.5

3.4

7.1

n.d.

n.d.

Clay,,,,

(Calli)

PH (NaCI)
^lal

'7,

1.5

10.9

3.7

1.7

10.9

0.3

6.68

1.05

CaCO,

•7c

0.00

60.45

0.00

0.00

0.00

0.00

0.15

0.13

ctf0f

•7c

1.30

3.70

3.45

1.55

9.25

0.25

6.68

1.05

OM

'7c

2.65

6.4°

6.45

2.85

15.90

0.80

11.52"

1.81"

N„„

'7c

0.17

0.20

0.26

0.16

0.30

0.02

0.47

(1.05

7,7

IS.5

13.3

9.7

30.8

12.5

¡4.2

21.0

C/N
Sorg

'!c

0.050

0.028

0.060

0.030

0.078

0.012

n.J.

n.d.

• Ini

'7c

D.I.5

0.15

0.38

0.29

0.21

0.15

0.07 "

0.06 ;"

CEC

m m o l , k g"'

299.0

283.0

183.0

175.0

327.0

1 14.0

49.8

9.8

SiO,

*

56.22

21.60

68.45

68.63

71.57

68.56

59.40

62.20

AliO,

c

7c

23.92

8.66

11.92

12.07

3.85

12.64

16.30

17.80

CaO

<7c

0.41

30.62

0.20

0.71

<0.02

0.59

(1.45

0.50

K,O

%

1.85

1.27

1.59

1.84

0.63

1.71

2.30

2.65

Fe203

'7c

10.76

1.00

4.14

2.71

<0.05

2.83

7.10

6.20

MgO

%
%
%
%

TiO,
l'e„„
Feamorph
FenaioL
AUarph
Alnasol.

c't

1.12

1.82

1.19

l.ll

0.65

1.16

I.X0

2.05

0.99

0.25

0.65

0.72

0.36

0.72

0.94

0.92

37.05

9.85

14.37

11.5(1

1.04

12.44

2.06

bl

1.26

hl

3.22

0.18

4.75

1.93

0.56

0.73

1.02°

0.38

cl

1.82

0.00

2.20

1.47

11.1 1

1.14

n.d.

n.d.

c

0.64

0.17

1.58

(I..SI

0.97

0.56

n.d.

n.d.

c

0.83

truces

1.67

1.55

0.93

1.56

n.d.

n.d.

7c
/c

1

*) calculated troni: Clirt, χ 1.7

delected after Dithionilexlraction

* * ) calculated from: C1)rg Χ 1.724

cl

" detected after extraction by aqua regìa

n. d. = not determined
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Analytical data of EUROSOIL 7
and SO-26
EUROSOIL 7 was gained from the Ahghorizon. The subsoil reference sample
(SO-26) which is not part of the EUROSOIL-set was sampled for other purposes. All analyses for characterising the
soil properties were carried out in tenfold
repetition.
The pH of the homogenised EUROSOIL 7
is higher than that of the soil profile. This
is probably due to a certain self-milling
effect during homogénéisation, where the
material was moved for weeks. By this
process alkaline elements can be released,
which might be responsible for the increased pH.
During homogénéisation, the organic carbon content of EUROSOIL 7 did not
change, whereas for the subsoil an increase from 6.7 g kg" in the soil profile to
10 g kg"1 in SO-26 was found. This can be
explained by the low number of repetitions for the profile analysis.
Inorganic carbon content and nitrogen
content was not affected by homogenisation, whereas the C/N ratio changed
analogously to C(irg in the subsoil. The texture of EUROSOIL 7 is sandy loam and
silty sand for SO-26. Due to the selfmilling-effect, soil texture for EUROSOIL
7 changed from sandy to loamy silt. The
texture for the subsoil was not affected.
The total element concentrations extracted
with aqua regia are similar in the top- and
subsoil. The higher amounts of Pb in the
topsoil seem to be caused by atmospheric
deposition, whereas the high Zn concentrations in the subsoil are of geogenie origin. Compared to aqua regia extraction
XRF-analyses show higher element concentrations for AI (2foId). Ca (3fold) and
K (4 - 6fold). Fe concentrations are lower.
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those of Pb. Zn, Cu and Mn are similar to
the aqua regia extracts. These differences
occur, because aqua regia does not dissolve silicates completely, while XRF
shows "real" total element concentrations,
but with a lower sensitivity. The dithionite-extracted Fe (Fej) represents the total
iron oxide fraction, while the NIL-oxalate
(Fe„). represents the amorphous oxide
fraction. The Fe„/Fe(i ratio is 0.5 for EUROSOIL 7 and 0.3 for SO-26. The higher
Fe„ ratio in the subsoil indicates its
younger stage of development. The cation
exchange capacity (CEC) of EUROSOIL
7 and SO-26 is very low. The base saturation is 59.4 c/c and 19.6 <7c for EUROSOIL
7 and SO-26, respectively. The low CEC
and base saturation indicate the high sensitivity of this mountainous soil against any
kind of pollution. The buffering and filtering capacity can be overloaded easily.
Conclusion
For evaluating the reference material
"soil" according to its environmental behaviour, it is necessary to study the
characteristics of a soil in situ. The most
important sorption controlling properties
are pH. quantity and quality of organic
matter, clay minerals, iron and aluminium
oxides and texture (Schachtschabel et al.
1989; Oepen, 1990). ES 7 and SO-26 are
characterised by a very low CEC along
with a low pH and base saturation. The
low CEC in ES 7 indicates a low humus
quality of the organic matter.
EUROSOIL 7 represents a reference malerial, which is typical for sensitive areas in
the crystalline zone of the alpine region.
The homogeneity obtained (WDXRF, adsorption test) proved both materials to be
homogeneous. Although the soil structure
was changed by the homogenisation, the
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main sorption controlling parameters did
not change much compared to the 2 mm
sieved original soil.
EUROSOIL 7 is an enlargement of the ex
isting EUROSOIL pool, since it is not a
simple duplication of already existing ref
erence soils, but a further member with
new characteristics of sorption controlling
parameters. B esides, the availability of the
respective subsoil enables the interested
scientist to study and to evaluate the pos

sible behaviour of environmental chemi
cals migrating through this new European
reference soil.
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Chapter VII
Preparation scheme of reference soils for soil related studies
- from theory to practise
B. M. Gawlik1, M. Bianchi2 and H. Muntau1
' Joint Research Centre Ispra, Environment Institute, 21020 Ispra, Italy
2

ECOCONSULT, Via Marconi 15, 21026 Gavirate, Italy

Introduction
The utilisation of reference materials for
the assessment, assurance' and control of
analytical data has become an essential
part of the daily work of an analytical
chemists. More and more of those materials are provided also for a broad variety of
environmental analysis (Griepink et al.
1991; Quevauviller, 1996a,b). Thus, in the
course of the last twenty years an awareness for quality was introduced into the
engaged laboratories. Nowadays, the use
of certified reference materials, the regular
participation into interlaboratory exercises
and the long-term documentation of analytical data quality using control charts
have become the backbone of this consciousness for quality in the European Union and beyond.
This development led also to the idea to
prepare reference materials for the harmonisation of testing procedures to be
performed within the framework of risk
assessment of environmental chemicals
(Kuhnt & Muntau. 1992), e.g. the sorption
behaviour.
In order to become a suitable reference or
testing material possible substrates must
fulfil some general requirements specified
hereafter.
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In addition to that, the practical application of the principles of reference material
production to the preparation of the EUROSOILS. the European reference soil set
for all types of soil related measurements
and test, shall be elucidated. A detailed
description of the production scheme of
this new type of reference materials is
given. Furthermore, the theoretical background of the homogeneity testing is explained. The respective data observed for
the new generation of the EUROSOILS
are presented and discussed briefly.
Requirements for a reference material
The raw material to be used must be a real
sample, in other terms it should not result
from the artificial mixing of its single
components. For instance, in case of a soil
reference material a real soil sample
should be used.
Besides, the material should not contain
any exogeneous contaminations. This
means that in case of an analytical reference material the parameter of interest,
e.g. an elevated concentration of an heavy
metal, should already be in the material in
the moment of sampling. Accidental contaminations, which may occur during the
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treatment of the material have to be ex
cluded.
Another criterion of crucial importance is
the homogeneity of material after bottling.
Care must be taken, that all sub-samples
originating from the bulk material feature
the same chemical composition and prop
erties as the total bulk itself. This homo
geneity must be kept down to the smallest
sample intakes of the material. Only in
this way it can be guaranteed that all endusers receive the same material.
From this necessity one can easily derive
that the material needs to be stable in the
course of time and under not-ideal storage
conditions. This stability must be achieved
with regard to chemical, biological or
physical processes and reactions that
might alter the reference material. Most of
the chemical reactions can be excluded by
keeping the material dry and by storing
under dark conditions. In some cases the
materials needs to be stored under an inert
atmosphere. Most of the microbial activi
ties will be stopped under these condi
tions. However, sterilisation by γirradation, addition of an biocide or autoclavation may be necessary. In these cases
precautions need to be taken to avoid an
eventual destruction of the analytes of in
terest, e.g. dechlorination of organochlorine pesticides by γ-irradiation. Oc
curring processes of de-homogenisation as
they may occur during the transport of a
bottle - a separation of particles of differ
ent specific weight is mainly caused by
vibrations - are reversible if the bottles
are shaken for approximately two minutes
prior to opening.
In order to assess possible stability prob
lems reference material are tested under
extreme storage conditions (increased
temperature and/or humidity level of the
storage room). In this way possible reac
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tions which may lead to spoilage of the
sample can be recognised before the dis
tribution of the reference material.
It goes without saying that the reference
material must be produced in sufficiently
large quantities to ensure a shelf-life time
of several years. Laboratories which are
using reference materials must have the
certainty that they can use the same mate
rial over a period of several years.
Preparation scheme applied for the
production of the new generation
of EUROSOILS

It was already mentioned that the first
EUROSOIL generation showed a shorter
shelf-life time than expected. As in the
case of some certified reference materials
(e.g. Vercoutere et al, 1995) this led to
the decision to re-produce a new version
of these soils. Unlike as in the case of
classical analytical reference material re
makes the properties of these remakes
should be kept not only similar by almost
constant with regard to the precursor ver
sion.
Thus, in 1992 a second sampling cam
paign to the sampling locations of the
EUROSOILS as specified in Chapter IV
of this report was organised. About 160180 kg of soil raw material was sampled
from each site, stored in PE-drums and
shipped to the facilities of the JRC Envi
ronment Institute in Ispra where further
processing took place. The soil materials
were treated according to the classical
procedure for the preparation of analytical
reference materials.
After their arrival in Ispra the soil materi
als were spread into specially designed,
INOX-made basins and air-dried at 20°C
± 2°C for ten weeks. Larger aggregates
were crushed manually. Then, stones,
larger roots and other vesietational matter
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were removed and the dry raw materials
were gently crushed using a special jaw
crusher purchased from Retsch (Ger
many). No milling was done in order to
avoid the artificial creation of new crystal
surfaces which might falsify the sorption
properties of the fine soil, i.e. the soil frac
tion smaller than 2 millimetres as defined
in soil sciences (Schachtschabel et al.
1992).
Instead of a 90 μ m  sieve, which is nor
mally used for soil powder production, in
this case a sieve aperture of 2000 μ m was
used for sieving. The resulting materials
were then filled into specially designed
mixing
drums
described
elsewhere
(Gawlik. 1998). The containers were
closed and the materials were homoge
neized for 3 weeks. After that period the
resulting soil powders were bottled into
brown borosilicate glass bottles in units
of 250 g.
After the filling of 50 bottles the mixing
drums were closed again and the material
was remixed for 30 minutes in order to
avoid any segregation of the material that
might happen during the bottling.

EUROSOIL I

EUROSOIL 2

EUROSOIL 3

EUROSOIL 4

EUROSOIL 5

Figure 1 Comparison of water content in the
EUROSOILS
A total of some 600 bottles were obtained
for each soil. Prior to the analytical deter
minations described in the following
chapter the humidity content of the refer
ence materials was measured. All soils
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featured a humidity content  weight of
the material was constant after 48 h at
105°C  between 3.2 % (EUROSOIL 5)
and 6.7% (EUROSOIL 1).
Figure 1 summarises the observed mois
ture contents. Prior to the analytical and
pedological determinations an extensive
homogeneity study was performed
Theoretical basics of
homogeneity testing
The homogeneity study aims at the detec
tion of punctual irregularities of single
elements, element groups or compounds
in a given matrix after its division into
subunits thus allowing an evaluation of
the total homogeneity of the material
(Kurfürst et al, 1993). In other terms, the
homogeneity study shall ensure that each
subsample features the same properties
with regard to chemical composition and
physical or biological parameters as the
original bulk itself. This homogeneity
must be studied down to the smallest
sample intakes. An absolute homogeneity
down to a microscopic scale is de facto
impossible.
As already mentioned above, this homo
geneity is a prerequisite for comparability
and traceability of the derived data. From
a statistical point of view, the degree of
homogeneity or better the material's het
erogeneity contributes significantly to the
overallvariability of an analytical meas
urement. If this variability is expressed in
terms of coefficients of variation, the fol
lowing relationship can be derived (Mun
tau, 1986):

Total

Measurement

Sampling

Treatment

,
"*~ Qìnhomogeneity

"*"""

(l

'
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CJTOUII

OMeasurement

OSampling
^Treatment

Oinhomogneity

relative standard deviation for lhe
entire determination,
relative error caused by the analyti
cal measurement itself including
instrument variability etc..
Relative error caused by the process
of sampling and subsampling,
relative error caused by the sample
treatment prior to the analysis (min
eralisation,
extraction,
cleanup
etc.).
relative error caused by the inho
mogneity of the material,
expressed in per cent.

Of course, it is impossible to assess all
possible components of this equation as
well as to quantify exactly the identified
ones. They can only be estimated based on
experimental approaches able to isolate
them.
However, equation (I) may be simplified
based on the following reasoning:
α

α

α

For the experimental setup of the
homogeneity study for a reference
material, ten randomly chosen bot
tles are set aside. The data obtained
from the analysis of these bottles
describe the entire population of all
bottles. The derived variance is
name crinlerbottie · Ten subsamples
out of one of these bottles are ana
lysed to give a second term. i.e.
CMntrabottic ■ I' oil possible sources of
errors have been minimized the fol
lowing relationship can be derived:
"Interbollle — " ' Imruboule "*" ^ Inhomoiiertfir ( I l a )

σ IntmlmttlA

liihomofíí'ilt'ily

lllhl

Thus, an estimate for the material's inho
mogeneity can be obtained. As a rule of
thumb the term σι„η,,:mogencity should be
smaller than 5 % and Oimcrboitic should not
be too large. This depends basically on the
method used for the study.

The errors resulting from measure
ment, sampling and sample treat
ment is statistically the same for all
samples, if the analysis are per
formed in a systematic way. Only
the degree of homogeneity may
vary from sample to sample.
If one compares a set of analytical
measurements describing the aver
age composition of the entire popu
lation, i.e. the bulk, with a set de
scribing the composition of a ran
domly chosen member of the total
population, e.g. a bottle, both sets
will be only differentiated by the
degree of inhomogeneity.
Possible sources of errors can be
reduced best using an analytical
method were little or no sample
treatment prior to analysis is re
quired, e.g. solid sampling tech
niques (Table 1).

Table 1  Suitable analytical methods for
homogeneity study
Method
INAA

Remarks

Intake

Many elements, very 10 100 mg
precise, requires nu
clear facilities
ZSSAAS
Hg. As. Cd. Pb. Cu. 0.1  2 mg
Zn
Micro combus C.N, S
0 . 1  2 mg
tion + GC
WDXRF
Many elements, ex 100  2000
pensive device
mg
ICPMS/AES
Many elements, re 20  200 mg
quires digestion
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The key-component concept
As can be seen from the analytical tech
niques listed in Table 1 the fundamentals
of the homogeneity study have been de
velop for the preparation of reference ma
terial destinated for inorganic analysis.
Unfortunately, there are no generally ac
cepted solid sampling techniques for the
analysis of organic or organo-metallic
compounds. In order obtain an idea of the
homogeneity of such a material the socalled key-component concept was devel
oped.
The basic idea of this concept is to iden
tify in a solid matrix those (inorganic)
components or particle size fractions
which are closely associated to the organic
pollutants of interest or which feature a
characteristic behaviour that may influ
ence the homogeneity properties of the
material, e.g. a certain affinity to bound
apolar molecules. For instance, a soil
contains among others isometric α-quartz
crystals, coarse mica plates, extremely
fine clay minerals and a fibrillious organic
matter fraction, each of them having its
own characteristic pattern of composition
and its own tendency to immobilise e.g. a
pesticide (Brady, 1974).
Based on the knowledge of chemical
composition of these particle fractions
(not size fractions), representative ele
ments for these fractions - the keycomponents - can be identified. Using an
appropriate analytical method, the homo
geneity study can be performed using on
one hand these key components and on
the other the comparative evaluation of
the distribution of the compound or prop
erty of interest.
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EUROSOIL-homogeneity by
means of WDXRF
For each soil remake ten bottles were se
lected randomly. Approximately 3 g were
sub-sampled from each bottle to form a
pellet (2.5 cm) for wavelength dispersive
XRF-analysis. Instrument and analytical
conditions are described in Chapter VII.
Then, 10 sub-samples were taken out of
one of the randomly chosen bottles and
analysed in the same way. The contribu
tion of the measurement variability was
assessed by repeating ten-times the same
measurement on the same pellet. In all
cases the variability of the measurement
was < 2 %. The observed coefficients of
variations (interbottle and intrabottle) are
displayed in Figures 3 to 7.
The obtained data proved that the distribu
tion of the inorganic soil key-components,
i.e. SiO : . AI2O3, CaO. K 2 0. F e : 0 3 , MgO
and TiO:, was homogenous for all soil
remakes. Some of the coefficients of
variation for the minor soil constituents
(Cr, Pb, Ni, Cu) may be explained by rela
tive large size distribution (< 2000 μιη).
Classical reference materials for analytical
purposes feature a maximum particle size
of 125 μιη to 60 μιη, thus permitting a
better homogenisation of the material.
The observed coefficients of variations
were expected and were judged to be in
sufficient for postulating a real inhomogeneity. Furthermore, some of the measured
contents of these elements were close to
the instrument's detection limits, which
caused a further increase of the variability.
The second version of EUROSOIL 5
manifests an anomaly for ALO3 and TiOi.
This may be attributed to de-mixing phe
nomena occurring during the subsampling. This soil contains basically two
different types of particles, coarse aquartz crystals with a high specific weight
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and an almost carbon powder like fraction
of organic matter formed by podzolisation. This fraction is of very low specific
density. The white quartz crystals can be
seen easily when looking at the material.
When filling the sample holders used to
form the XRF-pellets both fractions are
separated. Applying a pressure of 2
tons/cm" the sand crystals are crushed and
result as white spots on the pellet's surface, thus simulating a heterogeneity of
the total sample. Depending on the surface
distribution of these spots the X-rays may
penetrate more or less deeply into the pellet, which causes of course a larger variability among the analytical data. In addition to that, EUROSOIL 5 features only
poor contents of Al- and Ti- containing
compounds which is due to its genesis.

Considering this reasoning the keycomponents of this second EUROSOIL
generation may be regarded as distributed
homogeneously.
Homogeneity study for
sorption properties

In order to evaluate the homogeneity of
the soil sorption behaviour of the new
EUROSOILS a homogeneity testing for
the atrazine adsorption behaviour was performed. Atrazine was chosen as model
substance as its sorption behaviour is
known to be very sensitive towards any
sorption controlling parameter like organic carbon content, clay content or cation-exchange capacity (Bailey & White,
1970: Bailey el al, 1968).

ElCV(lnter) for 1 sample from 10 bottles DCV(lntra) lor 10 samples Irom 1 bottle
Si02 f5
AI203

3

4

5

Coefficient of variation
[%]

Figure 3 - Results of XRF-homogencity testing for EUROSOIL I
(2nd generation)
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OCV(lnter) lor 1 sample from 10 bottles rjCV(lntra) for 10 samples from 1 bottle

5

10

15

Coefficient of variation

Figure 4 - Results of XRF-homogeneity testing for EUROSOIL 2 (2ml gen.)
aCV(lnter) for 1 sample from 10 bottles nCV(lntra) for 10 samples from 1 bottle

Si02 Ë Ï

Coefficient of variation
[%]

Figure 5 - Results of XRF-homogeneity testing for EUROSOIL 3 (2"d gen.
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OCV(lnter) for 1 sample from 10 bottles DCV(lntra) for 10 samples from 1 bottle

Coefficient of variation

Figure 6 - Results of XRF-homogeneity testing for EUROSOIL 4 (2,ul gen.
BCV(lnler) for 1 sample Irom 10 bottles DCV(lntra) lor 10 samples from 1 bottle

Coefficient of variation
[%]

Figure 7 - Results of XRF-homogeneity testing for EUROSOIL 5 (2'"1 gen.
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Before performing sorption studies the
soil material to be used must be sterilised
in order to exclude any microbial activity
of the test substrate, because occurring
microbiological degradation may elimi
nate the studied substance from the sys
tem, thus giving higher adsorption values
than expected, if the equilibrium concen
tration in the aqueous phase is measured
as in our case. The question which method
is the most appropriate one was inten
sively studied by Oepen et al ( 1989). The
following methods of sterilisation may be
distinguished:

tion of the analytical measurement
(HPLCDAD) was obtained by perform
ing fivefold replicated injection and
analysis of the content of one vial. The
obtained coefficients of variation are
summarised in Figure 8. It has to be out
lined that the experimental setup of an
adsorption test is very sophisticated and
contains numerous single operation steps
being all possible sources of error. Thus
the variability of the data is larger than in
the case of analytical measurements.
GCV m . j ' . | OCV «,»a ;·.) OC,

γ

' ... " ·· "fi

ESSU

α
j
j

Exposure to γirradiation,
Autoclavation of the material,
Addition of compounds with bacte
riacidal or fungicidal effects (e.g.
HgCL, NaN 3 ),
□ Decrease of temperature during the
experiment.

rl—

ES4n

ES3n

ES2n

.

The study was performed in agreement
with the above described statistical princi
ples  a test with one sample from ten
randomly chosen bottle, and a test with
the tenfold repetition on one bottle. The
testing scheme is described in Chapter
VII. An initial atrazine concentration of 5
mg/L was chosen for all tests. A contribu
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Certainly, autoclavation is the method of
choice within the framework of OECD
TG 106, however this method is not suit
able to produce a set of sterilised refer
ence materials. This can only be achieved
by exposure of the bottled material to γ
irradiation. B esides, some authors gener
ally demand this method to be used in all
types of sorption studies (Eno & Popenoe,
1963: Salonius ef al, 1967, Griffith,
1987). Thus, a subset of each EU
ROSOIL was treated in that way by expo
sure to a Cosource.

Êl

rl

.

0.0

»

1.0

ΰ—
2.0

3,0

4.0

3
5,0

6,0

7,0

Figure 8 - Results of an homogeneity testing
for the atrazine adsorption behaviour of the
new EUROSOILS. The initial concentration
of atrazine in 0.01 M CaCL was 5 mg/L.
However, the observed coefficients of
variations were all in the range of 3.8 to
5.5 %, which is acceptable under the mentioned conditions. The Intra-bottle values
observed for ES-5 are outside this range
(6.5 %). This may be explained by the
above discussed problem of segregation in
the moment of sub-sampling. Considering
the contribution of analytical method itself, these results are also acceptable.
Conclusion

In the beginning, the principles of reference material production were developed
especially for materials to be used in the
framework of ¡nomarne trace element
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analysis. Later developments applied the
same concept to the production of suitable
analytical quality control materials for se
lected analytical problems of organic mi
cropollutant determinations. In this paper

it could be shown that the same principles
may also be applied to the production of
other reference materials, e.g. those to be
used for environmental studies on single
compartments.
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Chapter VIII
Comparison of both EUROSOIL generations with regard to chemical
composition, pedological parameters and adsorption behaviour
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Introduction
In order to adopt the OECD testguideline
106 (adsorption/desorption) to the Euro
pean Union, a European reference soil set
 the socalled EUROSOILS  was intro
duced in joint collaboration of the Euro
pean Commission's DG XI, the Joint Re
search Centre, the Federal Environment
Agency (UB A) and several national re
search organisations (Kuhnt & Muntau.
1992). The unexpected demand for these
unique similar reference soils (Gawlik et
al. 1996) has led to the decision to re
produce a new generation of EU
ROSOILS attempting to conserve the
principal characteristics of the precursor.
Thus, a traccability and comparability of
the data derived from the first version to
those obtained by the second generation
would be ensured and the quality of soil
sorption data related would be improved
considerably. The second generation was
introduced recently (Gawlik et al, 1996;
Gawlik 1998), and in this paper the results
of an extended analysis of chemical prop
erties and pedological parameters of the
recently introduced second generation of
EUROSOILS are presented and compared
with its previous version.
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Unfortunately, in some cases considerable
differences could be observed for the soil
organic carbon content for the two ver
sions of one reference soil. This may be a
problem when the soil adsorption coeffi
cient, Kj or Kr (when Freundlich iso
therms are used), is normalised by the or
ganic carbon content.
The knowledge of the soil/soil water parti
tion coefficient (Kd) of environmental
chemicals is helpful for understanding the
consequences that may arise from their
controlled or uncontrolled distribution to
the soil compartment (Lyman, 1982). For
instance, movement towards deeper soil
zones and to groundwater or uptake, even
tual metabolisation by plants or micro
organisms or volatility may be influenced
by the soil adsorption behaviour of an or
ganic chemical.
Usually. Kj is obtained as
λ",
.ν = substance adsorbed on soil |g| at equilibrium
m = mass of dry soil |g|
<·,. = equilibrium concentration in solution |g/mL|

Freundlich isotherms are obtained by plot
ting log(x/m) versus logíQ.) for various
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initial concentrations. The value of the
concentration independent soil adsorption
coefficient, Kt, is then derived from the yintercept according to:

rameters were measured using the original
material which has a granulometry < 2
mm.
WDXRF-Analysis

loa(x;,) = lo2(A:,)-i--los(c· )
'
n
with l/n - constant

Finally, the resulting adsorption coeffi
cients are related to the soil organic car
bon content:
K

100

c...

λ\

C„,s = soil organic carbon content in % (m/m)

An intense study concerning the soil ad
sorption behaviour of both EUROSOIL
generations for organic chemicals was
performed in addition to the analytical de
terminations. The adsorption behaviour of
24 organic chemicals belonging to nine
different substance classes were studied
according a procedure derived from the
OECD test guideline 106 on adsorp
tion/desorption.
The results of this exhaustive comparative
tests and determinations are presented in
the following.
Materials and Methods
Analytical sample preparation
Top-soil material from each EUROSOILlocation (Chapter IV), were sampled and
transported to the JRC's Environment In
stitute. Ispra. After treatment, bottling and
homogeneity studies (Chapter VI). the
content of five randomly chosen bottles
were milled with a ZrO: planetary mill
(Retsch Pulverisette). The resulting rehomogenised powder was used for the all
analytical determinations. Pedological pa
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Wavelength-dispersive X-ray fluorescence
spectrometry (WDXRF) was used for the
analysis of the inorganic major constitu
ents and some minor components of the
soils. The calibration for the quantitative
determinations was performed using the
certified reference materials BCR CRM
141. 142. 142R. 143. I43R (soils) and
BCR CRM 277. 280. 320 (sediments). 2.5
g of ball-milled material was used to ob
tain a XRF-pellel with a thickness greater
than 1.5 mm which is the estimated "in
finitive thickness" for this kind of mate
rial. The pellets were produced by press
ing the soil material into a small metallic
sample holder made of aluminium with a
diameter of about 2.5 cm using a hydrau
lic press. The pressure applied was 2 tons
per cm" for 40 seconds. All XRF-analysis
were performed using a Siemens SRS 300
Sequential X-ray Spectrometer.
ICP-MS-Analysis

ICP-MS determinations were carried out
on the final solution coming from pressur
ised acidic digestion of the milled soil
samples. The samples were digested in a
PTFE lined digestion bomb with an inner
quartz tube and lid (Uhrberg, 1982). The
sample intake was about 200 mg. About 2
mL of analytical grade concentrated nitric
acid (Merck) was added to the sample.
The bombs were finally closed by a spe
cial seal of PTFE and heated for 12 h in an
oven at I80°C. After cooling down to
room temperature the bombs were opened
and the resulting digested samples were
completed to 10 mL with double-distilled
water. After settling 5 mL of the super-
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natant solution were diluted with 5 mL ul
trapure water (B arnsted EASYPure UV).
An ICPMS model Perkin Elmer ELAN
6000 was used for all determinations.
Cadmium determinations

Total cadmium content was measured
with a solid sampling ZETAAS (SM20
from Grün Analysengeräte GmbH) work
ing with a sample intake range from 0.5 to
1.5 mg. The instrument was calibrated us
ing various sample intakes of B CR CRM
142R introduced into the graphite furnace
without any pretreatment. Calibration
was checked with B CR CRM 141 and
142.
Organic background pollution

Concentrations of polycyclic aromatic hy
drocarbons, polychlorinated organic com
pounds and some selected pesticides were
determined. Details on methods and re
sults are summarised in the following
chapter.
Pedological Parameters

Standard pedological parameters, grain
size distribution. soilpH. total carbon, or
ganic carbon, carbonate and cation ex
change capacity, were measured accord
ing standard operation procedures of
VDLUFA
published
elsewhere
(VDLUFA. 1991; Finnern et al, 1994).
Furthermore, nitrogen species ( N H / .
NO3 and total nitrogen content) and
EDTAextractable amounts of Cu and Mn
were measured for the new generation.
Determination of NH4NO.iextractable
amounts of Zn. Pb. Cd, Cu. Ni, Cr and Tl
as well analysis of hotwater soluble bo
ron completed the data for the new gen
eration of EUROSOILS. These measure
ments
were
performed
according
VDLUFA standard operation procedures
in facilities of LUFA Münster. Germany.
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Reagents for adsorption tests

The following test substances were used:
Substance

CAS

Monuron (99 %)
2Chlorobenzamide
(98 %)
3Nitrobenzamide (98 %)
2Nitrobenzamide (98 %)
NMethylbenzamide
(99 %)
N.N'Dimcthyl
benzamide
(99 r /r)
2Nitrophenol (98 <7r)
Atrazine (99 %)
2,4D(99%)
Triapenthenol (99.3 %)
Phenol (99.5 c/c)
CaCl r 2H : 0
Ammonium acetate
H,P0 4
Monolinuron (99.1 c/c)
Linuron (99.8 %)
Isoproturon (99.5 %)
Triadimefon (99.8 %)
Triadimenol (99.4 7r)
Methiocarb (99.7 %)
Pyrazophos (99.2 %)
Simazine (99.2 °k)
Propazine (99.7 9c)

150685
609665

1746812
330552
34123596
43121 433
89482177
2032657
13457186
122349
139402

Triazoxide(99%)
Fenamiphos (97 %)
Azinphosmethyl (98 %)
Fensulfothion (98 %)

72459586
22224926
86.500
115902

>

645090
610151
613934
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The HPLC solvent acetonitrile (gradient grade
quality) was purchased from AB I. Milan. Italy. Ul
trapure water was obtained by treatment of dcion
ised water with a B arnsted EASYPURE UV 
module.
Soil samples used for the adsorption tests

The samples used in this study were both
generations of the European reference soil
set, the EUROSOILS. The main proper
ties of these soil substrates which are rele
vant for the understanding of their adsorp
tion behaviour are summarised in Table 1.
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Soil adsorption

coefficients

In order to create a suitable amount of ad
sorption data related to the EUROSOILS a
set of different chemical substances was
tested with regard to their adsoiption be
haviour. The selection of the chemicals
was limited to substances that gave a suf
ficiently good UVabsorbance, allowing
their detection by the HPLC device de
scribed below. However, care was taken
to include different substance classes.
Most of the studied substances, especially
many of the pesticides, were used by other
authors and were found to be suitable ref
erence substances (Kördel et al. 1995a,b).
The results obtained are summarised in
Table 3.
The experimental setup for the determi
nation of the EUROSOILspecific soil ad
sorption coefficients was derived from
OECD test guideline 106 (OECD, 1993).
However, some simplifications were in
troduced. A soil/solution ratio of 1:5
(m/m) was used. Ion strength of soil water
was simulated by a 0.01 M CaCL
solution. All tests were run with 25 mL
centrifugation glasses (Pyrex) purchased
from Schott.
The glasses were closed with specially de
signed PTFEcaps covered with a thin
aluminium foil in order to prevent losses
by adsorption on the cap. Pretests per
formed with 1 mg/L of atrazine in 0.01 M
CaCl; showed no significant losses after
24 h of shaking at room temperature.
4.5 g of soil was weighed into the cen
trifugation glass and equilibrated with 22
mL of 0.01 M CaCL by shaking for 12 h.
After centrifugation (5 min at 2500 rpm),
the clear solution was decanted and the
glass containing the wet soil was weighed.
Then, a 0.01 M CaCU solution containing
a known concentration of the test sub
stance was added. After closing, the con
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tainer was weighed, shaken automatically
for 24 h and centrifuged. 2.5 mL of the re
sulting clear solution were sampled and
the remaining concentration of the test
substance was determined by means of
RPHPLC after filtration with a sterile
0.22 μ m syringe filter. For the determina
tion of Freundlich isotherms four initial
concentrations ranging from 0.2 mg/L to
10 mg/L were used.
In order to develop a suitable analytical
method and to check equilibrium condi
tions the adsorption of each substance was
measured at one concentration (usually 2
mg/L). The aim of these pretests was not
to establish adsorption kinetics but to en
sure that equilibrium conditions were
achieved after 24 h shaking. In all cases
the differences of the equilibrium concen
tration after 16 h and after 24 h were less
than 5 %. Hence, equilibrium conditions
were achieved in all cases and adsorption
tests were stopped after 24 h. The scheme
in Figure I summarises the lest procedure
applied.
All the necessary analyses were done with
a HPLC 1050 Series from Hewlett Pack
ard equipped with a quaternary pump,
column oven, degasser, autosampler and
diode array detector. Analytical conditions
for each compound are summarised in Ta
ble 4. Data acquisition and evaluation was
performed with a Hewlett Packard Chem
station A04.02. All analysis were done
under isocratic conditions.
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Substance and Soil

+ suitable analytical method
+ Substance is stable during
the test

ï
Plaicau ν
I

t
Adsorption

»lu»
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Method not
suitable

| ,

No Julher testing

sotherm

Figure 1 - Modified OEDC TG 106 - testing
scheme applied for adsorption coefficient
measurements
Results and Discussion
Chemical and pedological properties

The comparison of the chemical composition of both EUROSOIL-generations reveals some interesting features. From the
data of the XRF-analysis, the variations
concerning the major constituents are
within the limits of analytical reproducibility. This is due to the fact that the rawmaterial for both versions of one soil has
been sampled on the same locations. This
was confirmed by the grain size distribution patterns (Table 1 ).
However, different results were obtained
for some pedological parameters in both
generations of soils, such as in the case of
organic carbon content (C org ). The C„r„
vaìues observed for EUROSOIL 1, 2 and
5 differ significantly for both generations
and therefore, different sorption behaviour
may be expected. Interestingly, the values
for total carbon content in the two versions of EUROSOIL 2. 3 and 4 were almost identical.
The different Corg concentrations observed
in the case of EUROSOIL 2 may be attributed to the high content of carbonates
interfering with the measurement. These
hypothesis is confirmed by the fact that
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the total carbon content. Cu„. - as already
mentioned - remains constant in both
generations of EUROSOIL 2. Furthermore, the colour of the new version of
EUROSOIL 2 cannot be distinguished
from that of its precursor.
In case of EUROSOIL 1 the higher organic carbon content can also be noticed
from the darker colour of the substrate. A
possible explanation for this behaviour
might be seasonal variations occurring in
the upper soil horizon. The second generation of the Sicilian EUROSOIL was sampled in autumn, the first in early spring.
The extremely dry conditions in summer
hardens the soil's clay minerals and
causes a shrinking of the upper horizon.
One may therefore suspect that more soil
material from the upper profile was sampled during the second sampling campaign, thus leading to an overrepresentation of the upper soil zone,
which has a higher organic carbon content
than the deeper profile. In addition to that,
the perpetual annual process of expansion
and shrinking of the involved clay minerals favours the formation of small sinks
able to accumulate more organic material
from decomposing vcgctational matter,
thus leading to an increase of Corg on some
spots of the sampling zone.
A similar situation can be observed for orthic podzol (EUROSOIL 5), this time featuring higher Corg values in the first edition. Hence, one can expect considerable
differences in the sorption potential of
both substrates of the German top-soil.
This behaviour should be emphasised by
the fact that organic matter fraction is besides the fractions of white quartz crystals - the dominating constituent. This is
owing to the geomorphological. i.e. glacial origin of the orthic podzol. No significant differences of this parameter can
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be observed for the two generations of
EUROSOIL 3 and 4.
In order to ensure the chemical identity of
both EUROSOIL-sets an intense study of
trace elements was performed. Many of
the elements quantified in Table 1 are part
of the soil minerals, whereas others are at
least partially of anthropogenic origin, and
some of them are immobilised by humic
substances rather than by interaction with
mineral surfaces. The coherence that can
be observed between the concentrations in
the two generations of one EUROSOIL is
remarkable. The observed differences are
almost all within the limits of the analytical reproducibility. Besides this harmonic
behaviour one can also observe some interesting relationships between some elements that tend to be associated in soil
minerals. A clear correlation can be observed, for instance, between Cr, V and
the clay-content in the EUROSOILS. A
similar relationship exists between Li, Rb
and Be known to be associated with feldspars, clay minerals and micas.
The data displayed in Table 1 prove that
the EUROSOIL-set covers a broad range
of different sorption controlling parameters in different combinations. Each soil of
the group is a typical European soil, especially with regard to pedological and
geomorphological features (Chapter IV).
The extremes of this virtual space of
properties are usually described by EUROSOIL I and 5, but the other soils also
include single and significant properties
rendering them unique in their behaviour.
For instance, the Greek rendzina has the
highest carbonate content and consequently, the most basic character. Besides
their individual character, some sorption
controlling properties appear in two different soil matrices, e.g. pH of EUROSOIL 1 and 3, or the cation exchange
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capacity of EUROSOIL 3 and 4. This
property allows to study the influence of
single soil parameters on the soil sorption
behaviour of a given chemical compound.
Despite the discussed variability of C org
the general property pattern of each EUROSOIL could be maintained in the second generation. This is confirmed by the
examination of the correlation of all pedological and analytical parameters by
means of a cluster analysis. When plotting
the Euclidian distances for the measured
parameters of the EUROSOILS. five distinct clusters, which re-groups both versions of one soil in a cluster, are obtained
(Fig. 2). This is a clear evidence for the
identity between the first and the second
generation of EUROSOILS. Furthermore,
the cluster analysis shows that the characteristic association patterns of pedological
parameters and chemical constituents
could be conserved and therefore, similar
soil sorption behaviour may be expected.
In order to evaluate the availability of
some trace elements, the extractability of
some elements was assessed for the soils
of the second generation (Table 2). Despite the low amounts of total and extractable metals each EUROSOIL features its
own characteristic distribution pattern.
Some interesting observations can also be
made from the analysis of cadmium,
known to be related to pollution caused by
industrial activities. Again, an excellent
agreement between first and second generation could be observed. The only exception is EUROSOIL 5 where the precursor version features a significantly
higher Cd concentration. However, this
can be attributed to the differences in organic carbon content, who is likely to be
the Cd-immobilising fraction. Summarising one can say that the survey on an
eventual background contamination of the
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EUROSOILS did not reveal any unusual
presence of inorganic pollutant charges.
Adsorption properties
In total, the adsorption coefficients of 24
organic substances covering nine different
classes, i.e. s-triazines. phenoxyalkanoic
acids, benzamides, phenylureas, triazoles,
imidazoles, organophosphates, carbamates
and phenols, were measured for both EUROSOIL-generations. The results displayed in Table 3 show that the Kt values
ranged from 0.02, observed for 2chlorobenzamide on EUROSOIL 4a to
474.22 measured for pyrazophos on EUROSOIL 5a, thus covering five orders of
magnitude. In general. EUROSOIL 1 and
5 are the most adsorptive soils, whereas
the French EUROSOIL features the lowest values. An intermediate behaviour can
be observed for the Greek rendzina and
the British cambisol.
When comparing the adsorption data obtained for a given chemical using the two
versions of one reference soil one observes a general agreement of the derived
adsorption coefficients. The slight variations can be ascribed to the method's variability.
At this point, it should be stressed that the
confidence intervals observed at 95% significance at the y-intercept used to derive
K, vary and tend to increase when very
strong or very weak adsorption occurs.
This is due to an increase of the variability
of the analytical method at very low concentrations caused by the low concentration of the analyte in aqueous phase. In
case of very weak adsorption (EUROSOIL 4) the observed variations of C c .
i.e. the equilibrium concentration in the
aqueous phase, are within the range of uncertainties of the analytical procedure,
thus amplifying this effect.
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A statistical comparison of the derived adsorption coefficients or their respective
logarithms using classical F-tests and ttest (Funk et al. 1992) is not very useful
owing to the numerous single operations
and measurements of the testing procedures - each having its own uncertainty.
Consequently, a comparison adsorption
coefficients of both versions of one reference soil is only possible considering several aspects. A statistically significant difference for one substance on both versions
of one soil is insufficient to postulate a
generally differing adsorption behaviour.
Therefore, a heterogeneous set including
several chemically different structures was
used for this comparison.
The adsorptive properties of EUROSOIL
1 are dominated by its high clay content,
thus, featuring together with EUROSOIL
5 the highest adsorption coefficients. Interestingly, the organic carbon content,
C ora , of the first generation of the vertic
cambisol is significantly higher than in the
successor (3.29 % and 1.30 %. respectively). The reason for this particularity
has already been discussed, and underlines
the problematic use of soil organic carbon
content normalised adsorption coefficients. Especially, in case of EUROSOIL
1 the use of Koc leads to a falsification of
the adsorption coefficients as the influence of Corg is of less importance for the
immobilisation of the studied molecules.
Similar observations can be made when
regarding EUROSOIL 2. whereas good
agreements can be found among the K,
and Koc data derived of both generations
of EUROSOIL 3 and 4. The orthic podzol
(EUROSOIL 5) is characterised by its
acid character and its high organic carbon
content, which governs its adsorption behaviour. EUROSOIL 5 features among all
soils of the reference set the highest ad-
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soiption potential. The data displayed in
Table 3 reveal that the new version of this
soil adsorbs in general less than the precursor. However, normalisation by soil
organic carbon contents show that the Koc
values of both generations are almost
identical, thus underlining the dominating
role of C org for the adsorption behaviour
of EUROSOIL 5.
Obviously, no other constituent of the
German EUROSOIL interfere during the
adsorption process unlike as in the other
cases. This is a strong evidence that the
KOL- concept as introduced by Hamaker &
Thompson (1972) is unable to consider
the influences of other sorption relevant
parameters, e.g. the role of the clay con-

tent in EUROSOIL 1. The results obtained
for EUROSOIL 2 point to the same conclusion.
Only in cases such as EUROSOIL 5 the
application of a Koc-value leads to a real
improvement of the data-comparability.
Therefore, an utilisation of Koc does not
necessarily lead to a real comparability of
soil adsorption coefficients obtained on
different soil substrates. The "similarities"
which can be observed in some cases may
be attributed often to a random annihilation of several effects occurring during the
soiption process and not to a dominating
role of C ora .
Although the organic carbon content is an
important variable for the understanding

Figure 2 - Results of a cluster analysis using the available analytical and pedological data on
both EUROSOIL- generations. Euclidian linkage distances plotted on the y-axis were calculated
asDist.(x,y) = [Z(x,-y,rï*.
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of soil sorption processes, the effective
behaviour is the result of numerous effects, which are at least partly synergetic.
This is a strong argument for the application of a reference soil set to which adsorption coefficients of environmental
chemicals should be referred to.
Conclusions

The attempt to produce a second generation of EUROSOILS maintaining the
typical property pattern of each single soil
was achieved successfully. A definitive
confirmation was obtained from the results of the intense sorption testing with a
variety of chemical different substances.
A general applicability of the reference
soil concept (Lambert, 1968; Kuhnt &
Muntau, 1992; Gawlik 1998) could be
proved. Based on the fact that the EUROSOIL set covers a broad range of sorption controlling properties in various
combinations, important conclusions concerning the soil sorption behaviour of environmental chemicals can be derived
from these new reference materials.
Also, it could be shown that normalisation
of soil adsoiption coefficients by soil organic carbon content may produce mis-

leading results. Therefore,
reference
should be made to values derived to standardised soils as the EUROSOILS. The
application of the EUROSOILS as common basis leads to an improvement of
data quality and comparability, thus
allowing also a direct comparison of alternative methods developed for the fast determination of soil adsorption coefficients
of existing chemical substances (Gawlik.
1998).
The new EUROSOIL generation will be
distributed to all laboratories engaged in
soil studies on simple request. Further objectives of the EUROSOIL-project are besides an extension to Scandinavian and
Alpine regions, the introduction of a system of quality control and quality assessment to soil related studies. To this purpose, the JRC's Environment Institute, Ispra, preparing a series of international intercomparison exercises concerning the
soil matrix. The campaigns will focus on
the analytical determination of organochlorinated pollutants, heavy metal contents, pedological parameters like C org ,
pH, C.E.C, and soil sorption studies.
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Table 1  Comparison of' analytical and pedological data of the first EUROSOIL series (ES 1. 2. 3, 4. 5  a) w
generation (ESI, 2. 3, 4. 5  b).
Class
Grain size*

Pedological

Parameter

Unit

ESTa

ES1b

ES2a

ES2b

ES3a

E

4.40

25.25

;

Sand (> 0.2 mm)

Wt. 9c

1.95

2.00

3.75

Sand (0.20.063 mm)

VVt. %

2.2

1.3

10.95

9

20.85

Silt (0.0630.02 mm)

Wt. %

6.1

4.0

24.9

21.3

17.6

Silt (0.020.0063 mm)

Wt. %

9.95

9.7

19.3

23.1

12.95

Silt (0.00630.0002 mm)

Wt. %

10.65

8.2

19.7

19.7

6.5

Clay (< 0.0002 mm)

wt. %

69.15

75.0

21.4

22.6

16.85

Wt. %

1.5

3.5

10.9

10.9

3.7

Wt. %

1.3

3.29

3.7

2.39

3.45

wt. %

n.d.

0.57

60.45

69.59

n.d.

NKJI-UIÌIIII

wt. %

0.17

0.31

0.2

0.23

0.26

Sor»

Wt. %

0.05

0.093

0.028

0.12

0.06

*

Wt. %

0.15

0.14

0.15

0.06

0.368

*-tnl

r
^„riCarbonate

tilt

KcAI.

mg/100g

n.d.

100.61

n.d.

10.83

n.d.

C.E.C.

mval/lOOg

29.9

32.4

28.3

28.9

18.3

5.1

5.7

7.5

7.2

5.2

SiO,

Wt. %

56.22

56.87

21.60

20.12

68.45

ALO.,

wt. %

23.92

22.62

8.66

7.92

11.92

CaO

Wt. %

0.41

0.60

30.62

30.98

0.20

Κ,Ο

Wt. %

1.85

1.67

1.27

1.25

1.59

Fe 2 0.,

wt. %

10.76

10.72

1.66

1.83

4.14

MgO

wt. %

1.12

1.57

1.82

2.13

1.19

pH(in().01MCaCI 2 )
WDXRF

:

(

Table 1 (cont.) - Comparison of analytical and pedological data of the first EUROSOIL series (ESI, 2, 3, 4, 5
generation (ES 1, 2, 3, 4, 5 - b).

Class

WDXRF

ICP-MS

Parameter

Unit

ES2-a

ES2-b

ES3-a

1.06

0.25

0.25

0.65

31.7

20.2

28.5

7.5

61.6

Mg/g

132.9

121.0

38.5

37.2

128.6

Mg/g

23.0

20.0

21.2

14.2

20.9

Ti0 2

Wt. %

Pb

Mg/g

Zn
Cu
Ni

ES7-3 ES1-b
0.99

Mg/g

41.6

50.7

50.6

51.4

21.6

Mn

Mg/g

286.8

252.9

541.4

375.9

981.7

Li

Mg/g

23.36

20.67

5.48

6.34

11.06

Be

Mg/g

1.48

1.26

0.27

0.33

0.49

Sc

Mg/g

8.90

7.97

3.89

3.86

3.81

V

Mg/g

63.15

60.54

24.57

24.26

23.55

Cr

Mg/g

49.67

45.61

25.52

28.06

19.41

Co

Mg/g

14.24

14.22

7.28

7.42

7.22

Ga

Mg/g

22.02

21.26

5.19

5.14

8.67

Ge

Mg/g

0.19

0.29

0.15

0.18

0.35

Cs

Mg/g

1.25

1.13

1.64

1.46

0.73

As

Mg/g

5.27

5.26

4.17

4.40

6.71

Br

Mg/g

9.00

11.95

7.72

6.56

9.77

Rb

Mg/g

42.11

38.97

17.28

16.97

24.80

Sr

Mg/g

52.81

53.57

221.38

197.77

14.90

Y

Mg/g

6.36

6.16

3.26

3.28

4.32

l

1

Table 1 (cont.) - Comparison of analytical and pedological data of the first EUROSOIL series (ESI. 2. 3, 4.
generation (ESI. 2. 3, 4. 5 - b).
Class

Parameter
Mo

ICP-MS

ICP-MS

Unit

ES ï-3

ES1-b

ES2-a

ES2-b

ES3-a

Mg/g

0.06

0.08

0.11

0.12

0.27

Ag

Mg/g

0.09

0.09

0.03

0.03

0.12

In

Mg/g

0.06

0.05

0.02

0.01

0.03

Sn

Mg/g

0.09

0.08

0.07

0.05

0.19

I

0.43

E,

Mg/g

0.14

0.17

0.35

0.46

La

Mg/g

24.07

21.68

4.95

4.39

11.47

Ce

Mg/g

60.49

51.89

9.89

8.66

22.88

2

Ba

S

Mg/g

78.61

79.47

43.41

38.22

76.54

Pr

Mg/g

4.69

4.23

1.16

1.04

2.23

'.

Nd

Mg/g

11.91

10.70

3.18

2.78

6.46

i

Sm

Mg/g

2.77

2.34

0.60

0.52

1.23

1

Eu

Mg/g

0.78

0.66

0.18

0.16

0.28

(

Gd

Mg/g

3.67

3.14

0.91

0.82

1.63

I

Tb

Mg/g

0.72

0.62

0.19

0.17

0.33

(

Dy

Mg/g

3.13

2.75

0.96

0.86

1.58

I

Ho

Mg/g

0.39

0.35

0.13

0.12

0.23

Er

(
(
(
(

Mg/g

0.94

0.83

0.33

0.30

0.57

Tm

Mg/g

0.12

0.10

0.04

0.04

0.08

Yb

Mg/g

0.80

0.69

0.27

0.25

0.51

Lu

Mg/g

0.10

0.08

0.03

0.03

0.06

Mg/g

0.47

0.45

0.13

0.20

0.87

Hf

(
(

Table 1 (cont.) - Comparison of analytical and pedological data of the first EUROSOIL series (ESI, 2. 3, 4
generation (ES 1, 2, 3, 4, 5 - b).
Class

Parameter

ESJ-3

ES1-b

ES2-3

ES2-b

ES3-a

Mg/g

0.03

0.02

0.02

0.02

0.07

TI

Mg/g

0.34

0.32

0.16

0.15

0.26

Bi

Hg

SS-ETAAS

Unit

Mg/g

0.19

0.17

0.07

0.06

0.16

Th

Mg/g

11.95

10.94

3.03

2.87

6.94

U

Mg/g

2.04

1.95

0.78

0.75

2.37

0.44

0.47

0.35

0.34

0.80

Cd

Mg/g

* measured after destruction of soil organic matter.

£

C.E.C. : Cation exchange capacity

Table 2 - Nitrogen species and extractable trace elements in the new EUROSOILS
Sample

ES-In

Mean

NH4-N

ΝΟ.,-Ν

Ntotal

[mg/lOOgl [ mg/100g] | iig/100gl
<0.l()
7.9
324
<0.10
7.9
321
<().I0
8
327
<0.10
7.9
<0.10
7.93
324

Cu IKDTAI

Μ η (EDTAI

"

Zn
Pb
Cd
(NHjNO,) (NHjNO,) (NH4N
1 mg/kg I 1 mg/kg] 1 mg/kg I Img/k
2.13
0.563
<().()05
0.01
2.25
0.552
<0.005
0.01
Ihot water)

1 mg/kg I
5.2
5.6

[mg/kg]
139
i y>

5.4

139

2.19

0.558

<0.005

0.01

ES-2n

0.19
0.19

1.18
1.08

253
283

1.6
2.1

51
51)

0.41
0.58

0.037
0.038

<0.005
<0.005

<0.00
<0.00

Mean

0.19

1.13

268

1.9

51

0.5

0.038

<0.005

<0.00

ES-3n

4.56
4.72
5.15
4.8
4.81

13.05
12.65

322
333
332

4.3
4.7

563
567

0.52
0.5

0.773
0.773

0.014
0.011

0.02
0.02

12.85

329

4.5

565

0.51

0.773

0.013

0.02

1.91
1.95
2.12
2.06
2.01

0.94
0.85
0.99
1.03
0.95

171
176
170

3.2
3.8

317
31S

1.26
1.26

0.031
0.029

<0.005
<0.005

o.oo:
o.oo:

172

3.5

318

1.26

0.03

<0.005

0.002

0.12
<0.1()
<0.10
0.11
<0.10

7.05
7.1

252
2S2

1.1
1.4

2.5
1.9

0.41
0.49

4.56
4.63

1.15
1.14

0.08
0.08

7.08

267

1.3

2.2

0.45

4.6

1.15

0.08

Mean
ES-4n

Mean
ES-5n

Mean
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Table 3 - Results of adsorption studies
Substance
Atrazine

Substance
s-Triazine

Simazine

s-Triazine

Propazin

s-Triazine

2,4-D

Phenoxyalkanoic
acid

2-ChIorobenzamide

Benzamide

class

Soil
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-.3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-.3 a
ES-3b
ES-4a
ES-4b
ES-5 a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la

l/n
0.98
0.98
0.88
0.9.3
0.99
0.92
1.05
1.02
0.87
0.97
0.95
0.98
0.95
0.89
0.98
0.97
1.01
1.05
0.99
0.94
0.92
0.89
0.89
0.92
0.98
0.99
0.99
0.99
0.96
0.9.3
0.96

4.78
4.69
1.95
2 22
1.92
1.95
0.50
0.55
2.3.06
13.57
15.30
13.92
1.63
1.90
1.66
1.62
0.63
0.62
28.04
10.68
5.03
4.99
3.12
3.36
4.12
4.18
1.38
1.29
46.27
10.79
1.61

368.1
142.5
52.7
92.8
55.6
58.7
32.0
40.7
249.3
306.3
1177.2
422.0
44.1
79.6
48.1
48.9
40.7
45.3
303.1
241.1
387.0
151.7
84.3
140.7
119.5
125.8
89.3
94.8
500.3
.379.0
123.S

ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a

0.91
1.06
0.92
0.99
1.04
1.00
0.9.3

1.48
0.41
0.55
0.86
0.78
0.09
0.11

44.9
1 1.0
23.0
25.0
23.5
6.(1
7.9

*/*
*/*

*/*
*/*

*/*
*/*

0.99
1.03
1.18

0.58
0.70
0.31

94

KM

k„c

44.3
21.3
8.3
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Table 3 (continued) - Results of adsorption studies
Substance

Substance

3-Nitrobenzamide

Benzamide

2-Nitrobenzamide

Benzamide

N-Methylbenzamide

N,NDimethylbenzamide

class

Soil
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-1 b
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3 b

Benzam'tde

Benzamide

95

Un
1.08
1.28
1.27
1.72
2.00
1.2.3
1.46
0.92
0.96
0.91
0.81
0.87
0.86
1.05
1.01
0.84
0.94
1.10
1.22
1.07
1.44

0.90
0.90
1.0.3

0.46
0.24
0.27
0.02
0.02
1.55
0.74
3.78
3.81
3.09
.3.85
0.92
1.06
0.27
0.29
6.55
2.56
0.34
0.38
0.18
0.15
0.05
0.1.3
0.03
0.03
1.03
0.43
0.66
0.83
0.36
0.57
0.25
0.30
0.08
0.08
4.47
2.7.3
1.01

K«c
19.2
7.0
8.3
1.2
1.5
16.7
16.7
290.8
115.9
83.5
160.9
26.7
31.8
17.6
21.6
70.8
57.9
26.0
11.6
4.8
6.3
1.4
4.0
1.6
2.1
11.1
9.7
50.9
25.2
9.8
23.8
7.3
9.0
5.4
6.2
48.3
61.7
77.3

1.05
1.07
0.86
1.04
1.09

0.85
0.25
0.26
0.17
0.17

25.8
6.7
10.9
4.9
5.1

II)

ι
III
III

1.8.3
1.20
1.02
0.99
1.13
0.99
1.22
1.10
Ih
I

k IUI
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Table 3 (continued) - Results of adsorption studies
Substance

Monolinuron

Isoproturon

Substance

Phenylurea

Phenylurea

Monuron

Phenylurea

Linuron

Phenylurea

class

Soil
ES-4a
ES-4b
ES-5a
ES-5b
ES-1 a
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3 b
ES-4a
ES-4b
ES-5a
ES-5b
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l/n
111
111

0.98
0.98
0.70

0.97
1.37
1.51
1.09
0.90
0.82
0.85
0.83
0.82
0.SS

0.89
0.89
0.98
0.91
0.91
0.86
0.89
0.88
0.89
0.90
0.97
0.86
0.88
0.81
0.88
0.80
0.87
0.85
1.04
0.97
1.02
1.02
1.00
1.01
0.95
1.09
1.10
0.83
0.91

Km
0.01
0.06
2.19
1.27
3.57
3.69
1.16
1.26
1.78
1.64
0.88
0.91
25.82
11.31
-LSI
4.70
1.90
1.98
2.09
2.05
0.84
0.71
20.34
10.30
4.92
4.55
2.44
2.49
2.16
2.16
0.91
0.79
21.82
7.76
24.70
25.19
9.07
9.05
9.97
9.37
3.04
2.95
121.87
67.5.3

A,„.
0.8
4.7
23.7
28.8
274.3
112.3
31.5
52.6
51.5
49.5
56.8
66.9
279.2
255.4
372.1
142.8
51.5
82.7
60.6
61.7
53.9
52.3
219.9
232.6
378.6
138.2
65.8
104.3
62.7
62.1
58.7
58.1
235.9
175.1
1900.0
765.7
245.2
378.7
288.9
282.1
196.3
216.6
1317.5
1524.3
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Table 3 (continued) - Results of adsorption studies
Substance
Triadimefon

Substance class
Triazide

Triadimenol

Triazide

Triapenthenol

Triazide

Triazoxid

Imidazole

Fenamiphos

Organophosphate
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Soil
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-1 a
ES-lb
ES-2a
ES-2b

l/n
0.85
0.91
0.82
0.90
0.94
0.91
0.79
0.80
0.94
0.90
0.75
0.65
0.81
0.81
0.84
0.82
0.80
0.82
0.90
0.84
1.11
1.21
1.10
1.05
1.09
1.18
0.64
0.64
2.13
1.26

21.09
22.04
8.82
8.67
11.84
10.79
3.79
3.27
84.84
49.20
12.89
12.44
5.95
6.56
7.98
7.53
2.32
2.22
52.55
23.06
10.25
10.92
5.01
4.86
7.28
7.12
2.67
3.12
61.7.3
30.57

*/*
*/*

*/*
*/*

Kf/il

K„c
1622.5
670.
238.4
362.9
343.2
324.9
244.2
240.2
917.2
1110.7
991.5
378.1
160.7
274.6
231.3
226.9
149.6
156.4
568.2
520.5
788.6
331.8
135.4
203.5
211.1
214.6
172.5
229.4
667.4
690.2

*/*
*/*

0.62
0.57
0.62
0.58

28.68
27.93
40.69
37.59

775.2
1168.4
1179.5
1132.2

*/*
*/*
*/*
*/*

*/*
*/*
*/*
*/*

0.80
0.79
0.81
0.87

21.92
19.25
6.60
6.89

1686.0
585.1
178.5
288.4

*/*
*/*
*/*
*/*
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Table 3 (continued) - Results of adsorption studies
Substance

Substance

class

Azinphos-methyl

Organophosphate

Fensulfothion

Organophosphate

Pyrazophos

Organophosphate

Methiocarb
(Mercaptodimetur)

Carbamate

Soil
ES-3a
ES-3b
ES-4a
ES-4b
ES-5 a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-.3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b
ES-5a
ES-5b
ES-la
ES-lb
ES-2a
ES-2b
ES-3a
ES-3b
ES-4a
ES-4b

98

l/n
0.86
0.87
0.9.3
0.89
0.87
0.95
0.82
0.83
0.90
0.94
0.91
0.93
0.88
0.90
0.81
0.68
0.S5
0.85
0.93
0.96
0.93
0.90
0.89
1.04
1.01
0.95

7.54
7.05
3.22
2.75
86.55
48.94
60.37
65.52
18.02
18.75
18.42
18.88
8.61
8.55
1.3.3.39
75.37
36.5.3
37.20
6.82
6.62
4.45
4.69
2.82
2.35
65.20
31.21

*/*
*/*

*/*
*/*

1.0.3
0.90
0.98
0.92
0.97
0.90
0.96
1.05
0.S3
0.80
0.89
0.87
0.91
0.92
0.92
0.88

k flj

142.87
114.29
81.96
56.4.3
36.07
31.67
474.23
238.35
17.19
18.13
10.51
10.45
8.27
7.90
3.76
4.24

A',,,·
218.5
212.4
207.6
201.9
935.7
1 104.7
4644.2
1991.5
487.0
784.3
533.9
568.6
555.7
628.8
1442.1
1701.5
2810.2
1130.6
184.4
277.1
129.0
141.2
182.2
172.7
704.9
704.6

*;*
*/*

3861.2
4782.2
2375.8
1699.6
2327.2
2328.7
5126.8
5380.3
1.321.9
551.0
284.0
437.2
239.7
238.0
242.6
311.4

Comparison of both EUROSOIL generations

Table 3 (continued)  Results of adsorption studies
Substance

Substance class

Phenol

Phenole

2-Nitrophenol

Phenole

1

Soil
ES5a
ES5b
ESla
ESlb
ES2a
ES2b
ES3a
ES3b
ES4a
ES4b
ES5a
ES5b
ESla
ESlb
ES2a
ES2b
ES3a
ES3b
ES4a
ES4b
ES5a
ES5b

l/n
0.79
0.86
0.86
0.91
0.94
1.00
0.79
0.86
0.77
0.85
0.93
0.92
0.91
0.92
0.85
0.99
0.98
0.94
0.72
0.75
0.99
1.10

k a,
58.26
29.55
0.47
0.67
1.33
1.34
0.62
0.63
0.31
0.54
3.07
1.55
3.45
3.63
1.19
1.37
2.46
2.37
0.90
0.69
20.04
8.49

K0,
629.8
667.0
.36.1
20.4
36.0
56.2
18.0
19.1
20.3
39.9
33.2
35.0
265.7
110.4
.32.1
57.3
71.2
71.5
57.9
51.0
216.7
191.7

Adsorption coefficient was measured at only one initial concentration (5mg/L)

Table 4  Analytical conditions for HPLCanalysis
Substance
Atrazine
2.4D
Monuron
NMethylbenzamide
2Chlorobenzamide
3Nitrobenzamide
2Nitrobenzamide
Monolinuron
Isoproturon
Triadimefon
Triadimenol
Triazoxidc
111

Mobile Phase
33%B:67%D'"
30<7f B : 7 0 % E ' "
7 0 % A : 3 0 % B'"
3 0 % Β :7()% E'"
30% Β :7()%E'"
30% Β : 7 0 % E ' "
30% Β :70%E'"
70 % A : 30 % B ' 2 '
70 % A : 30 % B '21
60 % A : 40 % B '21
60 % A : 40 % B ' : '
70 % F : 30 % B ' : '

Hypersil RP18. 5 μπι, 200 mm. 4.6 mm i.d. at 40°C
Solvent A: water
Solvent C: melhanoi
Solvent E: 4 ck acetic acid

Substance
Fenamiphos
Lintiron
Methiocarb
2Nitrophenol
Azinphosmethyl
Fensulfothion
Simazine
Propazine
Pyrazophos
Triapenthenol
Phenol

11

99

60
60
60
50
60
65
70
60
50
60
50

Mobile Phase
% A : 40 % B (2 '
% A : 40 % B (21
% A : 40 % B'21
% A : 50 % C'21
% A : 40 % B ' 2 '
% A : 35 % B 12'
% D : 30 % Β'21
% D : 40 % Β121
% A : 50 % Β' 21
% D : 40 % Β'21
% A : 50 % C'21

Spherïsorb ODS 2, 5μηι. 125 mm. 4mm i.d. at 4()°C
Solvent B : acetonìlrile
Solvent D: 0.1 M ammonium acetate (pH 6.0)
Solvent F: 0.05 M orthophosphoric acid
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Chapter IX
Determination of organic pollutant loads in the new EUROSOILS chlorinated hydrocarbons, polycyclic aromatic hydrocarbons, polychlorinated dibenzofuranes and -dioxines and some selected pesticides.
D. Martens1'2, B. Henkelmann2, K.-W. Schramm2, G. Crößmann3,
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Landwirtschaftskammer Westfalen-Lippe, LUFA Münster, 48147 Münster, Germany
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Introduction

The knowledge of the presence of organic
micro-pollutants in the EUROSOILS and
their quantities is crucial for their later use
as laboratory reference materials. In this
context several aspects have to be taken
into account.
First, the eventual presence of a significant load of one or more organic contaminants might falsify eventual studies of the
behaviour of a compound on the soil matrix itself, for instance in the case of soil
adsorption studies. Furthermore, the substrates' biological behaviour may also be
influenced, for instance if the soils are
used for toxicity test in the framework of
chemical testing (Römbke et al. 1997).
In addition to that, the EUROSOILS are
more and more used for the development
of analytical methods (De Pauw. 1996:
Ciavelin, 1993) and the testing of sample
extraction and clean-up methods. The
presence of organic micro-pollutant in
such a matrix, may also falsify recovery

101

and extraction rates if the same compound
is used for the testing.
Last but not least, the EUROSOILS are
also proposed as laboratory reference materials for organic micro-pollutants analysis in order to fill the gap between the
availability of certified reference materials
and the necessity of daily use in laboratory internal quality schemes.
Therefore, the organic trace laboratory of
LUFA Münster was asked to perform a
first screening on the presence of agrochemicals, that may indicate a recent exposure of the soils to pesticide treatment.
In a second step the Department of Ecological Chemistry and Environmental
Analytical Chemistry of the Technical
University of Munich (TUM) in close cooperation with the Institute of Ecological
Chemistry of the GSF-National Research
Centre for Environment and Health (GSF)
was asked to act as reference laboratory
for the assessment of target values for
polychlorinated organic hydrocarbons.
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Due to longterm experience with envi
ronmental monitoring of organic pollut
ants in different matrices as partner of the
Environmental Specimen B ank, the tasks
of this laboratory were, to provide the
analytical knowledge and to provide ana
lytical data of polychlorinated dibenzop
dioxins and dibenzofurans (PCDD/F) as
well as of some others persistent organic
micropollutants.
Beside these, the presence of some other
groups of substances like polycyclic aro
matic hydrocarbons (PAH) and chlorin
ated phenols (CP) was assessed by the
same laboratory.
The analytical methods applied as well as
results obtained during this study are pre
sented in this paper.
Herbicide residue screening
by HPLCUV

The detailed procedure of this screening
method is described elsewhere (Offen
bächer, 1995). The method is used as
screening procedure for the qualitative
identification and quantitative analysis of
several groups of herbicides and their
metabolites in soil such as triazines and
phenylureas. The method was validated in
an intercomparison exercise organised by
VDLUFA (Offenbacher. 1995)."

flow of nitrogen, and transferred to 1.0
mL flask using 0.5 mL of gradient grade
acetonitrile. After evaporating to a volume
< 0.5 mL the mixture was completed to 1
mL by the addition of acetonitrile. Finally.
1 mL of water was added and the resulting
solution was filtered using a syringe
membrane (0.22 μηι) into a 2 mL glass
vial.
HPLC-Analysis

Reversed phase HPLCanalysis was per
formed applying gradient elution (water
acetonitrile) and UVdetection (220245
nm). An injection volume of 100 pL was
used for all analysis. All HPLC analysis
were done in facilities of the LUFA Mün
ster according to LUFA standard opera
tion procedures and using local devices.
Determination of polychlorinated bi
phenyls and other chlorinated
hydrocarbons

The detailed procedure for the determina
tion of chlorinated hydrocarbons in sedi
ment, suspended solids and soil is de
scribed elsewhere (Martens et til, 1999).
Calibration was checked according to ISO
84661 and with the reference material
SRM 1941a.
Extraction

Extraction and clean-up

5 g of airdried sol were weight into 100
mL Erlenmeyer flask. Then 10 mL of ana
lytical grade water and 20 mL of pure ace
tone were added and the mixture was
shaken for 16 h.
Then, 3 g NaCl and 20 mL dichlo
romethane were added and the resulting
mixture was shaken for 2 min by hand.
The organic phase was separated and
dried over anhydrous Na:SO.t. The solu
tion was reduced to 0.5 mL using a gentle

10 g of the dried soil were weighted in a
100 ml centrifuge tube. The nClabelled
internal standard and 5 ml of water were
added to the dry sample. After slightly
shaking. 20 ml of methanol and 25 ml n
hexane were added. The centrifuge tube
was closed with a screw cap. The extrac
tion was done with ultrasonic waves.
Therefore, the mixture was sonicated 3
min with an ultrasonic desintegrator and 1
h in an ultrasonic bath.
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Separation of pentachlorophenol (PCP)
The sample was acidified with 1 ml 1.5
mol/l H:SOj. shaken for 2 min and centrifuged at 2000 rpm for 10 min. 20 ml of
the clear n-hexane was added to 150 ml
0.2 mol/l K2CO3 and 10 g NaCl in a sepa
ration funnel. The mixture was shaken for
2 min and the alkaline water phase was
separated for the analysis of pentachloro
phenol. The hexane phase was dried over
NaiSOj and concentrated in a 50 ml pear
shaped flask by a rotary evaporator to 0.5
ml for the analysis of CHC. The water
phase was transferred back to the separa

tion funnel, treated with 2 ml of acetic an
hydride and 15 ml of n-hexane and the
PCP-acetate was extracted. The water
layer was removed and the organic layer
was dried over anhydrous sodium sulfate.
150 μ 1 nonane were added to the extract
and the solution was concentrated by
means of a rotary evaporator to approxi
mately 200 μΐ and by a gentle stream of
nitrogen to 100 μ I. 10 μ I of the recovery
standard was added and the extract was
analysed by GC-MS.

Table 1 - Chlorinated hydrocarbons with abbreviations and selected ions for MS-detection
'2C-CHC

Abbr.

m/z

"CCHC

Abbr.

in/:.

Pentachlorophenol
Pentachlorobenzene
Hexachlorobenzene
Octachlorostyrene
Pentachloroanisole
rx-Hexachlorocyclohexane
ßHexachlorocyclohexane
γHexachlorocyclohexane
Aldrin
Dieldrin
Heptachlor
Heptachloroepoxide
2.4'DDT
2.4DDE
2.4'DDD
4.4'DDT
4.4'DDE
4,4'DDD
2.4.4'PCB(28i
2,2',5,5'PCB (52)
2.2'.4.5.5'PCB(10l)
2.2'.3,4.4'.5'PCB(l38)
2,2',4,4',5,5,PCB(153)
2,2',3,4,4',5,5'PCB(180)

PCP
PcCB
HxCB
OCS
PCA
aHCH
hHCH
gHCH
Aid
Diel
HC
HE
oDDT
oDDE
oDDD
pDDT
pDDE
pDDD
B28
B52
B10I
Β138
Β153
Β180

266/268
250/252
284/286
343/345
265/267
217/219
217/219
217/219
263/265
263/265
337/339
353/355
235/237
246/248
235/237
235/237
246/248
235/237
256/258
290/292
326/328
360/362
.360/362
394/396

Internal standard
Pentachlorophenol
Hexachlorobenzene
aHexachlorocyclohexane
ßHexachlorocyclohexane
γHexachlorocyclohexane
Heptachlor
Heptachloroepoxide
4.4'DDT
4.4'DDE
2.4.4'PCB (28)
2.2',5.5'PCB (52)
2,2'.4,5.5IPCB(101)
2,2'.3.4,4'.5,PCB(138)
2.2'.4.4,.5.5,PCB(153)
2.2'3,4.4'.5,5,PCB(180)

PCP
HCB
aHCH
bHCH
gHCH
HC
HE
pDDT
pDDE
B28
B52
B101
B138
B153
B180

272/274
290/292
223/225
223/225
223/225
338/340
354/356
247/249
258/260
268/270
302/304
338/340
372/374
372/374
406/408

Recovery standard
Pentachlorololuene

PCT

264/266
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Clean-up on a silicagel cartridge
1 g silicagel and 1 g Na^SOa were
weighted in a 6 ml cartridge. The cartridge
was washed two times with 4 ml 5 % 2propanol in n-hexane. The sample was
drawn on top of the column and the analytes were eluted with 3 ml 5 % 2propanol in n-hexane and collected in a 10
ml test glass. The eluate was concentrated
by a gentle stream of Ni to 2 ml.
Clean-up with semi-preparative HPLC
An HPLC system (Gilson, pumps 305 and
307. autosampler 231, fraction collector
201, column: Hypersil (5 μιη. 250 χ 8
mm), flowrate: 4 ml/min 0.1% 2-propanol
in n-hexane) was used for further clean
up.
The sample (2 ml) was fractionated in two
parts (fraction A: 8 - 20 ml. Fraction B: 20
- 48 ml). 150 μ 1 nonane were added to
each fraction, which were concentrated by
means of a rotary evaporator to nearly 200
μΐ and by a gentle stream of nitrogen to
100 μΐ. 10 μΐ of the recovery standard
were added and the sample was analysed
by GC-MS.
Measurement
The analytical determination of the extract
was performed by a gas chromatograph/mass spectrometer system Fisons
8000 equipped with a GC 8000. an auto
sampler AS800, a quadrupole-MS MD800
and a DB-5 capillary column (30 m
length, 0.33 mm internal diameter, and
0.25 μ m film thickness). Temperature
program: 60 °C for 1 minute, 12 °C/min to
140, 8 °C/min to 280 °C, held for 5 min.
Carrier gas: Helium, column head pres
sure 50 kPa. Injection: 1 μΐ. splitless at
220 °C. The (m/z) recorded in SIR mode
are listed in Table 1.

Determination of polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs)
20 g soil were treated with ' 'C-labeled in
ternal standard and the Soxhlet extraction
was earned out with toluene for 24 hours.
The clean-up procedure included various
chromatographic steps which were de
scribed elsewhere (Schramm et al, 1995).
The extracts were analysed with GC-MS
(MAT 95. Finnigan) and a polar capillary
column (Rtx2330, Restek. 60 m χ 0.25
mm). The oven temperature was held at
90°C for 1.5 min. increased at a rate of
25°C7min to 180°C. subsequently at
2°C/min to 260°C and held for 30 min.
The intensity for each compound was re
corded in El mode at two suitable masses
of the isotope cluster (Henkelmann et al.
1996).
Results and discussion
The EUROSOIL samples exhibit a typical
pattern of the PCDD/Fs of immission. The
international toxic equivalents 1TEQ
(NATO-CCMS. 1988) exhibit a back
ground pollution for soil 1. 4 and 5.
whereas the values of soil 2 and 3 are
slightly elevated. Soil 3 must be excluded
from growing crops which are suspected
to accumulate or adsorb lipophilic chemi
cals like PCDD/Fs (e.g. carrot asparagus,
radish etc.)
Most of the CHC concentrations were low
and indicate probably background levels
for the specific region, where the soils de
rived from. There were some obvious ex
ceptions: higher concentrations of 4.4'DDT. 4.4'-DDE and 4,4'-DDD in soil 2.
dieldrin in soil 3, heptachloroepoxide and
lindane in soil 4 and also elevated concen
trations of DDT compounds in soil 5 indi
cate the influence of application of these
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pesticides on the specific soils in former
times.
Although of the higher concentrations of
some pesticides, these soils should be very
suitable as low level RM or material for
international intercomparison exercises
concerning the soil matrix.
Conclusions
The results presented in this paper are of
course indicative values, which may be
useful to establish the concentration range,
for instance in a proficiency testing or as
socalled laboratory reference material or
control sample. At this point it should be
stressed that the term "laboratory refer
ence material" (LRM) by no means asso

ciates the idea of "certifiedlike" reference
material which might be used for calibra
tion, i.e. accuracy assessment.
LRMs should be used as an additional tool
for QA/QC purposes allowing to identify
systematic drifts or outofcontrol situa
tions by means of statistical control charts,
e.g. ShewartCharts. However, necessary
actions for accuracy adjustment can only
be taken after the careful analysis of an
appropriate CRM.
It must also be granted that the production
of LRMs follows the same severe quality
requirements than CRM candidate produc
tion.
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Table 2 - Results of herbicide residue screening by HPLC-UV
Herbicide
Atrazine desethyl
Atrazine
Bromacil
Chlortoluron
Cyanozin
Diuron
Isoproturon
Linuron
Metamitron
Metazachlor
Metoxuron
Methabenzlliiazuron
Metolachlor
Monuliniiron
Metobrumuron
Pendimellialin
Sebuthylazine
Simazine
Terbuthylazine
Terbuthylazine-desethyl
Terbutryn

ES I-n
[Mg/gl
n. m.

ES 2-n
Ipg/gl

n.ni.

0.02
n.m.
n.m.
0.035
0.17
0.2
n.m.
n.m.
0.085
n.m.
6.54
0.5
0.695
n.m.
0.575
0.06
n.m.
n.m.
n.m.
n.m.

11.111.

11.111.

n.m.
11.111.
11.111.

n. m.
11.111.

0.175
n. tn.
11.111.

0.32
11.111.

η. m.

n. m.
0.21
n.m.
0.195
11.111.
11.111.
11.111.

ES 3-n
lMg/gl
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
0.895
n.m.
n.m.
0.065
n.m.
n.m.
n.m.
0.365

ES 4-n
lMg/gl
n.m.
n.m.
n.m.
n.m.
11.111.

n.m.
11.111.
11.111.

n.m.
n.m.
11.111.
11.111.

n.m.
11.111.

11.111.

n.m.
< 0.02
n.m.

11.111.

11.111.

0.03
n.m.
n.m.

n.m.
11.111.
11.111.

Table 3 - Results of PAH-analysis by means of GC-MS
ΡAHs
Acenaplilliylcne
Acenaphtliene
Fluorene
Phenanthrene
Anthracene
Pyrene
Fluoranthene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Indeno( 1,2,3-cd)pyrene
Dibenzo(ah)an limicene
Benzo(ghi)perylene

ES I-η
1ng/g1
< 0.5
< 0.5
0.9
18
<0.5
5
5
2
6
5
4
0.8
3
2
<2
4

ES 2-n
|ng/gl
<0.5
< 0.5
0.5
12
< 0.5
21
13
2
i:
7
4
2
4
3
<2
3
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ES 3-n
[ng/g]
1
3
3
40
5
132
90
68
95
97
66
41
15
4')
1 1
41

ES 4-n
[ng/g|
< 0.5
1
1
17
τ
■1')

3.s
2.3
31
25
IS
13
1
7
2
5

ES 5-n
l"g/gl
< 0.5
< 0.5
1
10
1
18
14
5
17
17
S
7
1
3
<2
2

ES 5-n
iMg/gl
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
n.m.
0.99
n.m.
n.m.
n.m.
n.m.
n.tu.
n.m.
n.m.
n.m.

Organic pollutant loads

Table 4  Polychlorinated hydrocarbons in the new EUROSOILS measured
by Isotope dilution GCMS
Polychlorinated

hydrocarbons

Pentachlorophenol
Pentachloroanisole
Pentachlorobenzene
Hexchlorobenzene
Octachlorostyrene
aHexachlorocyclohexane
ßHexachlorocyclohexane
γHexachlorocyclohexane
Aldrin
Dieldrin
Heptachlor
Heptachlorepoxide
2.4DDT
2.4DDE
2.4DDD
4.4DDT
4.4DDE
4.4DDD
PCB 28
PCB 52
PCB 101
PCB 138
PCB 153
PCB 180

£ 5 ln
[ng/g|

ES 2n
[ng/g]

£ 5 3n
[ng/g]

£ 5 4n
[ng/g]

ES 5n
[ng/g]

0.24
0.21
0.79
0.74
<0.1
0.44
0.15
0.4.3
< 0.5
<0.5
<0.5
<0.5
X
<0.1
<0.1
0.80
0.55
0.18
0.38
0.36
0.56
0.40
0.41
0.16

0.39
<0.1
0.25
0.27
<0.1
0.05
0.10
0.16
< 0.5
<0.5
< 0.5
<0.5
X
<0.1
0.14
10.57
3.59
0.95
0.23
0.19
0.34
0.28
0.26
0.11

0.31
0.46
0.34
0.35
<0.1
0.15
0.19
0.28
< 0.5
8.85
< 0.5
< 0.5
0.25
<0.1
0.10
1.50
1.14
0.28
0.15
0.16
0.36
0.45
0.42
0.19

0.12
0.12
0.10
0.26
<0.1
<0.1
0.12
2.35
< 0.5
<0.5
< 0.5
5.86
X
<0.1
<0.1
X
0.14
<0.1
0.07
0.06
0.15
0.22
0.20
0.08

0.35
0.19
0.32
0.44
<0.1
<0.1
0.29
0.25
< 0.5
<0.5
< 0.5
< 0.5
X
<0.1
0.13
2.42
1.17
0.80
0.14
0.14
0.30
0.35
0.34
0.17
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Table 5 - Polychlorinated dibenzofuranes and -dioxines (PCDF/Ds) in the EUROSOILS
/•:.s' /-H
[ng/kg]

£ 5 2-/1
[ng/kg]

ES 3-n
[ng/kg]

£ 5 4-n
| ng/kg 1

ES 5-n
[ng/kg]

Sum Tetrachlorodibenzo-p-dioxines
Sum Pentachlorodibenzo-p-dioxines
Sum Hexachlorodibenzo-p-dioxines
Sum Heptachlorodibenzo-p-dioxines
Octachlorodibenzo-p-dioxine
Sum all PCDDs

0.45
0.68
1.75
1.70
4.32
8.89

3.03
13.55
28.43
55.95
42.04
143.00

14.19
25.98
50.98
116.62
294.22
501.97

2.30
2.72
3.98
8.56
16.23
33.79

6.77
2.62
5.94
5.85
17.15
38.32

2,3,7,8-TetracIilorodibenzo-p-dioxine
1,2,3,7,8-Pentachlorodibenzo-p-dioxine
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxine
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxine
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxine
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dìoxine

11.111.

0.03
0.07
0.39
0.72
0.91

0.47
1.58
2.02
3.02
5.52
29.05

0.64
2.36
3.15
6.11
6.16
6.3.99

0.05
0.2.3
0.15
0.36
0.47
4.35

0.04
0.12
0.15
0.17
0.25
3.16

Sum Tetrachlorodibenzofurane
Sum Pentachlorodibenzofurane
Sum Hexachlorodibenzofurane
Sum Heptachlorodibcnzofurane
Octachlorodibenzot'urane
Sum all PCDFs

1.75
1.11
1.27
0.94
1.07
6.13

15.02
19.50
20.25
13.84
2.70
71.30

35.29
53.32
78.98
129.67
74.09
371.35

6.37
5.13
3.96
3 22
2.00
20.68

23.20
10.19
9.90
12.42
25.58
81.28

2,3,7,8-Tetrachlorobibenzofurane
1,2,3,7,8/1,2,3,4,8-pentachlorobibenzofurane
2,3,4,7,8-Pentachlorobibcnzofurane
1,2,3,4,7,8/1,2,3,4,7,9-Hcxachlorobibenzofurane
1,2,3,6,7,8-Hexachlorobibenzofurane
1,2,3,7,8,9-Hcxachlorobibenzofurane
2,3,4,6,7,8-Hexachlorobibenzofuranc
1,2,3,4,6,7,8-Heptachlorobibenzofurane
1,2,3,4,7,8,9-Heptachlorobibenzofurane

0.11
0.16
0.09
0.17
0.12
0.10
0.30
0.72
0.04

0.82
2.61
1.49
2.69
3.03
0.49
2.64
10.4
1.12

1.64
4.33
3.66
7.59
7.28

0.40
0.39
0.28
0.58
0.42

11.111.

11.111.

9.70
89.77
5.28

0.65
2.38
0.18

0.61
0.9.3
0.87
1.68
1.09
n.m.
1.13
9.42
0.78

Sum PCDD+PCDF
Toxicity equivalents

15.02
0.29

214.29
4.61

87.3.32
9.95

54.47
0.72

119.61
1.26

PCDD/Fs

(NATO/CCMS and 17. BlmSchV)
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Introduction

Every chemical substance that comes into
contact with a natural ecosystems will be
distributed into the solid, liquid or gaseous
phase of the environmental compartments.
In most cases the transport of these compounds between soil, sediments, biosphere
or air is linked to water (Wagenet et cil.
1992: Rao et al, I988: Manahan, 1994;
Sawhney & Brown, 1989), and the
amount transported from one phase to another depends on the initial concentration
of a given molecule and its equilibrium
partition coefficient. For the evaluation of
the ecotoxicologic effects of a chemical it
is necessary to have reliable information
on its behaviour in soil, water and air.
Among these three ecosystems, soil plays
a special role as it includes all other environmental compartments (Paul & Huang.
1980). Thus, a broad variety of different
interactions between a chemical and the
soil ecosystem are possible (Jury et al.
1987) and it is therefore obvious, that the
fate of a chemical substance in soil is governed by its soil sorption data (Oepen.
1990). Consequently, the knowledge of

soil sorption data is necessary for the
evaluation of potential dangers caused by
certain chemicals to man and nature.
The most frequently used parameter to indicate the soil mobility of a given species
is the soil organic carbon partition coefficient, Koc. This coefficient is commonly
used in models to assess the transformation and transport of environmental
chemicals, and is of general use for the
environmental risk assessment of organic
chemicals (Oepen, 1990).
The lack of complete and homogeneous,
i.e. comparable sorption data for existing
chemicals, e.g. K oc data is one of the major problems for European regulators
working in the field of environmental protection and risk assessment of environmental chemicals. While many K oc values
for many well-known pesticides can be
found in literature (Redely & Locke,
I994a,b) only poor information is available on the sorption behaviour of their
metabolites. New chemicals arriving on
the EU market have to be tested with regard to their sorption characteristics
(European Commission. 1979). Unfortu-
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nately, similar data for the majority of the
already existing data are incomplete or not
significant for the European union. The
EINECS (European Commission. 1987)
contains more than 100000 chemical sub
stances of general industrial interest,
among them more than 10000 pure or
ganic compounds, for which no uniform
K oc data exists. Moreover, the poor data
available in most cases refer to a great va
riety of different soils and do not allow
any comparison of data from different
sources. Obviously, it is impossible to test
all these substances with the classical
methods like batch experiments or lysime
ter studies. The need for reliable, fast and
accurate alternatives can not be denied.
In order to obtain an overview about the
actual stateoftheart of K(lt. estimation an
intense literature research was performed.
The reviewed equations could be divided
into four major groups and the different
approaches were subsequently evaluated
with regard to their general usefulness for
K oc prediction.
Description of soil adsorption

The most frequently used adsorption
equations to describe soil adsorption are
the Freundlich and the Langmuir iso
therms, with the empirically derived
Freundlich isotherm being more common
(Bailey & White. 1970: Scheunen, 1992).

x = K, -c"
Freundlich Isotherm

x= Q°b·

l + b-c
Langmuir Isotherm
= amount of adsórbate adsorbed per unit weight of

soil

c

= amount of adsórbale per volume solution at
equilibrium
Kf, n = characteristic constants for Freundlich Isotherm
Q . b = characteristic constants for Langmuir Isotherm

In addition to the concentration independ
ent adsorption coefficient Kr from the
Freundlich Isotherm, sometimes the con
centration dependent coefficient. K u . is
used as well. However, if the initial test
concentration of the solute is very low. the
concentration dependence of the adsorp
tion parameter can be neglected:
χ

K„ = c

It is wellknown that for most of the non
ionic organic chemicals the content of or
ganic carbon is the determining factor of
soil adsorption. Therefore, the simple soil
adsorption coefficient Κ,ι or the concen
tration independent Kf are generally nor
malised by the soil organic carbon content
in order to overcome the influence of a
varying soil organic carbon content.
K

OCr/r

100

OCc/c = soil organic carbon content expressed in per ceni

Despite the fact that this simple operation
leads to a decrease in the variability of ad
sorption data for one substance in differ
ent soils, variation coefficients of > 50 %
are still normal.
The results of a study performed by Paya
Perez et al (1992) reports the different
K oc values found for atrazine in various
soils (Table 1).
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Table 1  Atrazine adsorption coefficients in
various Spanish soil horizons (taken from
PayaPerezera/., 1992)
Horizon

mean OCA

K,„±SD(RSD)

N° of

O

16.5 ±8.4

274 ± 148(547,)

3

A

0.91 ±0.94

253 ± 161 (64"7r)

38

AC

0 14 ±0.09

864 ±702 (81 '7, )

II

ΒΛ

0 29 ±0.13

322 ± 2 1 2 ( 6 6 % )

3

soils

As one can learn from this example the
origin of the underlying data is crucial for
the results of all reviewed alternative
methods, and hence, the soil characteris
tics must be kept in mind while interpret
ing this data.
Alternative methods for Koc estimation
It is generally accepted that most of envi
ronmentally important properties can be
characterised by a partition coefficient.
From a thermodynamic point of view it is
obvious that in one way or another these
coefficients must be related. Indeed, most
of them describe free enthalpy driven pro
cesses. Consequently, it should be possi
ble to obtain at least an approximate value
for all the coefficients by measuring or
calculating any of those parameters and
relating them in an equation to each other
(Briggs, 1981; Col lander. 1950):
Log(K[ ) = a Log(K,) + h
with K,.K : = I'(AG°).

Indeed, the adsorbability of an organic
chemical can easily be correlated with a
certain range of physicochemical parame
ters and molecular descriptors. Models
based on quantitative structureactivity re
lationships (QSARs) were successful in
the field of pollutants removal from water

by activated carbon adsorption (Abe el
Í//..1980. 1985, 1987: Arbuckle, 1981:
Kamlet et al, 1985). Parallel to this de
velopment similar efforts have been made
in order to predict soil adsoiption behav
iour for organic chemicals by correlating
organic carbon content normalised soil
adsorption coefficient, Koc, to easier ac
cessible parameters. Most of these correla
tions are of the above mentioned socalled
"Collandertype", however, some efforts
have been made to use a multivariate ap
proach (Table 27) to extend the validity
of the models to a broader variety of
chemically different structures. The dif
ferent approaches can be divided into the
following categories:
Ώ

Koc estimation by water solubilitv
(WS)

□

Koc estimation by noctanol/water
partition coefficient (K„„)

□

K()C estimation by RPHPLC ca
pacity factor (k )

□

Koc estimation by molecular pa
rameters, topological indices and
linear solvation energy relation
ships.

Koc estimation by water solubility (WS)
The soil mobility of an organic pollutant
depends in a crucial way on the soil <>
water movements. As a consequence the
relationship between water solubility and
adsorption coefficients for soil and its
components was subject to first investiga
tions. In the beginning the results indi
cated that the linear relationship between
Log(Koc)and Log(WS) was true only
within homologous series or groups of
very similar molecules (B riggs, 1981:
Harris. 1966). However, later work proved
that the water solubility could be used for
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an estimation of Koc at a larger scale (Kanazawa. 1989: Kenaga & Goring. 1980).
Examples for Kx estimation by water
solubility can be seen from Table 2. The
correlation is generally expressed as a
simple linear regression between Log(K oc )
andLog(WS): "
Log(Koc) = aLog(WS)

+b

Obviously, Log(K<K) increases with de
creasing water solubility as expressed by
the negative slope. Some authors intro
duced a second variable, usually a crystal
energy term expressed by the substance's
melting point or its heat of fusion (Briggs.
1981; Gerstl, 1990; Karickhoff. 1981).
The examples given in Tab. 2 show
clearly that WS is suitable for an. at least
quick, estimation of Koc, if reliable solu
bility data are available. The reviewed lit
erature showed further that the water
solubility approach works for many apolar
organic chemicals (Gerstl, 1990; Karick
hoff. 1981; Chin et «/..1988: Vowles &
Mantoura. 1987) and that it becomes less
reliable with an increasing degree of po
larity of the pollutants (Briggs. 1981: Kanazawa, 1989, Kenaga & Goring, 1980).
Moreover, correlation coefficients de
crease if the dataset contains very differ
ent structures (Kenaga & Goring, 1980:
Gerstl. 1990; Mingelgrin & Gerstl. 1983).
Unfortunately, water solubility of highly
apolar compounds are sometimes very dif
ficult to measure (Sabljic. 1987: 1989 and
references cited). In addition to that, expe
rience shows that water solubility of organics can only be used as an approach for
one step in soil adsorption. The parameter
describes the compounds availability to
sorption and may give an idea of the com
pounds' transport through soil to the rele
vant sorption sites, but seems to be insuf

ficient for an accurate prediction of the
overall adsorption behaviour.
The approach to include a second, solubil
ity independent variable characterising the
crystal energy of solid organics improved
the correlation between Koc and WS
(Briggs. 1981: Gerstl. 1990: Karickhoff.
1981). However, the influence of the ad
sorbent's properties were not included and
the reviewed equations allowed only a
rough estimation of K,K.
Koc estimation by n-octanol/water
partition coefficient, Kow
As already mentioned above water solu
bility is of great importance for the under
standing of soil mobility of organic
chemicals. Additionally, it seems obvious
that the lipophilicity of the compounds
may be of great importance, too. The fact
that the soil organic carbon content seems
to be mainly responsible for the adsorp
tion of at least non-polar organic chemi
cals (Lambert el al, 1965; Senesi. 199.3;
Hamaker & Thomson. 1972) led to the as
sumption that soil sorption processes are
partitioning processes between water and
a lipophilic soil phase (Chiou et al, 1983).
The properties of this lipophilic soil phase
may be simulated by η-octanol and the
distribution of a given organic chemical in
a n-octanol/water system might represent
its behaviour in the soil/water system. In
deed, Koc and some other ecotoxicologic
parameters can easily be related to Kow in
a linear regression of the Collander-type
(Kenaga & Goring. 1980; Karickhoff.
1981: Chiou et al. 1983. 1986: Neely et
al. 1974: Geyer el al. 1987).
The review of the existing literature re
vealed numerous examples of Log(K„J
and Log(K0w) correlations (Tab. 3) for
most classes of non-ionic organic chemi
cals. There is some evidence that the K,m
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approach may be valid, too. if large het
erogeneous datasets with chemically dif
ferent structures are used for the deriva
tion of the respective correlations (B riggs.
1981; Gerstl, 1990; B instein & Devillers,
1994; Müller & Kordel. 1996). The degree
of correlation and applicability range can
be improved if correction factors for acids
and basis are included (B instein &
Devillers, 1994).
One major problem in deriving these cor
relations for larger datasets is the diffi
culty in comparing sorption data and Kow
data from different sources (Gerstl. 1990;
Sabljic, 1987. 1989). Hence, care must be
taken during the selection of literature
data.
Sabljic et al (1995) proposed a simple
scheme for the selection of the right Koc
correlation for a given organic compound.
This group underlines the importance to
use substance specific correlations to get
more accurate estimates.
The basic advantage of the Kmvestimation
method is the availability of Küw datasets
containing experimentally validated n
octanol/water partition coefficients. Miss
ing Kow values can be easily obtained
from structural properties (Chin et al,
1988; Schüürmann, 1990; Taft et al,
1985; Woodburn et al, 1984: Leahy,
1986; B anerjee & Howard, 1988; Leo &
Hansch, 1986). However, the application
of Kow to estimate Koc remains a contro
versial subject and the discussion on its
usefulness is still going on. For instance.
Oepen and coworkers (1991a) demon
strated that for compounds which have
mostly carboxylic or amine groups, simple
Log(Koc) versus Log(K„ u ) correlation is
insufficient for a reliable prediction of the
soil soiption coefficient. This was also
confirmed by the work of B instein &
Devillers (1994), who introduced conse

quently two correction terms based on soil
pH and on the substances pKa or pKt,, re
spectively. Pussemier and coworkers
(1989). too. observed a decreasing reli
ability of the K0w approach with an in
creasing polarity of the studied structures.
This result was the outcome of a residue
analysis which indicated that adsorption
coefficients of acids where under
estimated while those of bases were over
estimated by the K ow method. These re
gressions showed significantly different
intercepts, slopes and regression coeffi
cients for different chemical classes (Noe
grohati & Hammers, 1992). This implies
that the solute's hydrophobicity is an in
sufficient descriptor for soil adsorption.
Nevertheless, a general applicability to
nonpolar chemicals seems to be given
(Sabljic. 1989: Noegrohati & Hammers,
1992).
According to Feng and coworkers (1996)
the difficulties in finding suitable Kow Koc
correlations for polar substances can be
explained by the fact that the organic car
bon phase being mainly responsible for
organic compounds soil adsorption is
more cohesive and a stronger hydrogen
bond donator solvent than ηoctanol. Ad
ditionally, sorption processes of com
pounds with polar or ionizable groups
may depend greatly on nonhydrophobic
or nondispersive interactions (B ahnick &
Doucette, 1988). The hypothesis that soil
sorption of nonionic organics is only a
partitioning process (Chiou et al. 1983)
remains questionable. There is some evi
dence that at least for soils with low or
ganic carbon content the partitioning ap
proach is insufficient (Means et al, 1982;
Maclntyre & Smith. 1984).
Moreover, it must be kept in mind that
experimental parameters like Kow are also
subject to error and the quality of pre
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dieted Koc based on these data depends
also on the precision and accuracy of the
descriptors. As in the case of WS the determination of Ko» for very hydrophobic
substances can be very difficult (Bahnick
& Doucette, 1988; Sabljic, 1991; Szabo et
al, 1990a,b; Dearden, 1990; de Brujin et
al, 1989).
In summary one can say that screening of
Koc using n-octanol/water partitioning is
suitable for substances, where the soil
sorption behaviour is mainly caused by
van der Waals- and London dispersion
forces.
Koc estimation by RP-HPLC screening
The use of natural or artificial soil columns is well known in many laboratories
engaged in soiption studies. Due to its
three-dimensional structure, indeed, soil
can be compared to a chromatographic
column with a stationary organic phase
susceptible to an interaction with an organic solute (Lambert et al, 1965).
Reversed phase HPLC as an alternative
method for RP-HPLC was first introduced
by Hodson & Williams (1988) and
Vowles & Mantoura (1987). Later works
of other groups studied its application to
different compound classes (Chin et al.
1988; He et al, 1995: Donati et al, 1994).
The influence of mobile phase composition and the stationary phases were examined next (Szabo el al. 1990: Szabo &
Guczi. 1995; Pussemier et al. 1990;
Kordel et al, 1993, 1995; Szabo & Bulman, 1994).
The RP-HPLC screening of Koc is based
on a simple determination of retention
times in a given chromatographic system,
usually under isocratic conditions with a
binary eluent. In most cases, Log(Koc) is
correlated to the logarithm of the capacity

factor k . sometimes, however, it is directly correlated to the retention time.
The capacity factor is calculated from the
retention times of a relatively unretained
reference substance, to. and the retention
time of the target compound. tR (Smith et
al. 1986: Lindsay. 1992) according:
'n

In some cases extrapolation to a 100 %
water mobile phase is performed by
measuring k at different compositions of
the binary eluent (Szabo et al. 1990a.b.
1992: Szabo & Guczi, 1995; He et al.
1995). This corrected capacity factor is
named k w.
The capacity factor measured for a set of
reference substances and the corresponding Koc values are then used to obtain a
log-log plot for the prediction of K„c for a
test substance based on simple measurement of tR without a quantification step.
For the examples listed in Tab. 4. in most
cases a high degree of correlation is obtained for homologues groups or structurally similar substance classes, as well as
heterogeneous datasets.
The question which column type is to prefer for RP-HPLC screening of KOL remains
open for discussion. As already mentioned
the decisive constituent influencing or
even dominating soil sorption is the organic matter, or more precisely humic
substances (Hamaker & Thomson. 1972:
Senesi. 1993). Due to the presence of apolar and polar moieties in these macromolecules it seems to be necessary to use
stationary phases with similar characteristics, especially if the target compounds arc
susceptible to interactions with polar soil
sites (Szabo et al. 1990a.b: Kordel et al,
1993. 1995a.b). This is confirmed by the
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knowledge that good correlations between
k and Koc can be obtained for apolar sub
stances in HPLCsystems using a octade
cylsilicate column, but for more polar
substances results are worse (Tab. 4).
The use of chemically or physically im
mobilised humic acids on a SiO; or ALOi
support is certainly the approach which is
closest to real soil conditions (Kördel et
al. 1995a; Szabo & B ulman. 1994; Szabo
et al. 1990a.b. 1992). Nevertheless, the
use of such a stationary phase type is lim
ited, as no commercial humic acid col
umns are available and their production at
laboratory scale restricts their use to a
small number of specialised laboratories.
Kordel and other groups (studied the ques
tion whether humic acid columns can be
replaced by a commercial available col
umn type extensively. They proposed
cyanopropyl columns as most suitable for
this purpose (Kordel et al. 1995a, 1993:
Szabo & Guczi. 1995: Szabo & B ulman,
1994; Szabo et al, 1990a,b, 1992). This is
in agreement with the results obtained by
Hodson & Williams (1988) and Vowles &
Mantoura(1987).
In addition to that, the method proposed
by Kordel and coworkers ( 1995b) was
validated in a laboratory intercomparison
exercise. It uses a cyanopropylic column
with a typical methanol/buffered water bi
nary solvent under isocratic conditions. It
is worthwhile mentioning, that this tech
nique offers the advantage, that necessary
measurements for k' determination are
easy to perform and do not require a so
phisticated experimental setup in com
parison to the water solubility and Kow
approach. These circumstances minimise
the risk of errors for the assessment of the
Kocdescriptor k' considerably.
The technique can be applied to all sub
stances for which K»,· data are available.

provided that a suitable device for HPLC
detection exists. However, some important
compound classes have not been analysed
yet.
Besides
its
robustness
RPHPLC
screening offers the possibility to simulate
varying soil pH and to evaluate in this
way its influence on the sorption of pH
sensitive substances.
With regard to the literature published on
the application of HPLC for screening of
parameters like K„c. another detail is
worth to be mentioned. Some works deal
ing with Kow prediction based on HPLC
obtained good correlations between Kow
and k using octadecylsilicate columns
(Klein et al. 1988; Woodburn et al.
1984). This is a strong argument for the
hypothesis that the ηoctanol phase repre
sents only the lipophilic character of soil
organic matter, but does not consider the
role of nonhydrophilic interactions due to
polar soil sites.
Koc estimation by topological indices,
molecular properties and linear solva
tion energy relationships
There can be no doubt that computational
chemistry has become an important tool to
the modern scientist. The need to trans
form chemical structures into distinct and
unique numbers, encoding structural in
formation for subsequent calculations,
opened the possibility to study organic
chemicals and their properties by develop
ing new types of quantitative structure
activity relationships (Karcher, 1992). The
easiest accessible of structural parameters
being used for Koc estimation was the mo
lecular weight (Kanazawa. 1989). How
ever, the introduction of topological indi
ces by Kier. Hall and coworkers for the
study of the biological activity of pharma
ceuticals two decades ago led to a com
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pletely new approach for QSAR develop
ment (Kier et cil, 1975a,b).
Bahnick & Doucette (1988) were among
the first researchers studying the applica
bility of molecular connectivity indices
(MCIs) for the prediction of organic
chemicals' soil adsoiption coefficients.
Later, Sabljic, Sekusac and co-workers
extended the research to different chemi
cal classes using a broad variety of MCI's
(Sabljic, 1984, 1987, 1989, 1991; Sabljic
& Piver, 1992; Sekusak & Sabljic, 1992).
The mathematical derivation of connec
tivity indices is based on the "numerical
extend of branching or connectivity in the
molecule's skeleton" (Kier et al. 1975a).
MCIs can include information on mole
cule's size, steric factors, valence elec
trons, degree of saturation, number of heteroatoms or aromatic sub-structures, etc.
(Sekusak & Sabljic, 1992). The principles
of deriving connectivity indices are sim
ple, however, the vast amount of different
indices makes it impossible to discuss this
topic at this occasion. Excellent introduc
tions into the theory of MCIs, their calcu
lation and properties can be found else
where (Kier & Hall. 1976, 1981; Hall &
Kier, 1974, Kier e! al. 1975a,b. 1976;
Randic, 1975). Moreover, suitable soft
ware for their calculation is available
(Sabljic & Horvatic, 1993; Mekenyan et
al., 1990a,b. 1994: Karabunarliev et al.
1994).
It is worthwhile mentioning that molecu
lar connectivity indices have been suc
cessfully applied for prediction of a waste
range of different biological and physicochemical parameters (Kier et al. 1975:
Sabljic & Piver. 1992: Sekusac & Sabljic.
1992; Kier & Hall. 1976. 1981; Hall &
Kier. 1974; Kier et al. 1975, 1976;
Randic. 1975).

Its application to the field of organic
chemicals' adsorbability on different sorbents is an actual topic and the number of
publications discussing their usefulness is
still growing (Abe et al. 1987; Sabljic.
1987? 1989rSekusak & Sabljic. 1992: Sa
can & Balcioglu. 1996: Blum et al.
1994). Similar to octanol/water partition
ing the application of MCIs to the adsorp
tion prediction of polar compounds en
counters some difficulties (Sekusak &
Sabljic. 1992). This implies that most in
formation encoded in these indices is sig
nificant for the shape and size of the
molecule and less for its electronic proper
ties. Despite the fact that there are more
than 100 topological indices, it remains
difficult to derive unique and structurally
significant values for various structures
(Yang et al, 1994). The main advantage
of the existing MCIs is that they do not
need experimental values, but this is a
poor argument for their general applicabil
ity (Gerstl, 1990).
The broad variety of different univariate
and multivariate MCI-Kot. correlations let
us assume that these topological parame
ters are still far from being fully under
stood in their physical meaning. It is diffi
cult to explain why in some cases a certain
MCI type or combination of topological
indices accurately predicts Koc . but fails
to predict the adsoiption coefficient if ap
plied to another substance class, (e.g. Tab.
5. equations 18 and 20. as well as Tab. 5,
equations 13 and 14). The work published
so far indicates a certain usefulness of
topological indices for this purpose (Tab.
5). but more research is necessary to un
derstand the information encoded in mo
lecular connectivity indices better.
If we look on the simplest MCI ( χ) ac
cording Sabljic (1984) as "quantitative
measure of the area occupied by the pro-
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jection of the non-hydrogen skeleton of a
molecule" we can expect that other descriptors like van der Waals volume or
surface can be correlated with Koc, too, at
least for apolar molecules. Indeed. Reedy
& Locke (1994a.b) studied the applicability of van der Waals volume (VDW V ) for
this purpose. They obtained satisfactory
results by combining VDW V with some
other electronic properties. Some interesting correlations for distinct compound
classes could be obtained (Tab. 6). Unfortunately, the degree of correlation decreases dramatically with an increasing
heterogeneity of the training set (Reddy &
Locke, 1994a). Lohninger (1994) studied
a fragment approach by quantifying the
contribution of discrete functional groups
to the total adsoiption coefficient. This
approach shows some similarities to the
fragment approach of Leo. Hansch and
co-workers for the derivation of K„„ values (Samiullah, 1990; Leo et al, 1971).
Self-polarizability of organic esters was
identified as another possible descriptor
for Koc of the specific substance class
(Oepen et al, 1991).
The most recent approach to predict Koc
based on structural or molecular features
was the introduction of linear solvation
energy relationships (LSER) by Kamlett,
Taft and co-workers (Taft et al. 1985).
LSERs had already been successfully applied to the study of a range of other
structure dependent properties (Taft et al.
1985; He et al. 1995: Park & Lee, 1993;
Cho & Park. 1995: Park et al. 1994; Park
& Carr. 1989; Kamlet & Taft. 1985).
These regressions contain three simple
types of parameters, a cavity term, a dipolc expression and a hydrogen-bonding
term of solvatochromic nature. They can
either be measured (Kamlet & Taft. 1985:
Taft et al. 1985) or estimated (Taft et al.

1985; Park & Lee, 1993). The meaning of
these terms and the explanation of the underlying physical concept can be read
elsewhere (Taft et al, 1985; Park & Lee,
1993). The LSERs examples listed in Tab.
6 imply a certain potential for Koc prediction which needs to be explored further.
At this stage it may be allowed to state
that the LSER concept offers the advantage of describing the electronic properties
of organics in a more detailed manner
than any other of the listed approaches.
The successful application of LSERs to
the prediction of k . Kow, WS and other
biological related parameters is certainly
an argument for its utility. However, the
data published so far are not sufficient to
draw the conclusion of a general applicability.
Koc estimation by combined
approaches

Gerstl (1990) and Hong et al. (1996) published some multivariate linear relationships for KOL. prediction of some substance
classes using a combination of both, empirical parameters like WS or Kow and
topological indices. These equations (Tab.
7) were derived during the study on the
usefulness of the single parameter and
were the result of simple statistical evaluation to answer the question which parameter combination would best fit a correlation with Koc.
Amazingly, in all cases good correlations
were obtained. A possible explanation for
this phenomenon may be the hypothesis
that the information encoded in one variable is more or less independent of the
other terms used, e.g. Kow describes a contribution to the adsorption coefficient
which cannot be totally expressed in terms
of WS or molecular connectivity, and vice
versa. This means that the engaged de-
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Table 2  K„c estimation by water solubility
Reference

Correlation

Briggs (1981)

η

Substances

Units

log K(„„ =  0.51 ■ [log WS +(0.01 · mp 0.88
0.25)] + 0.8

38

heterogeneous
dataset

WS in niol/1

Kanazawa et
al. (1989)

log K,,. =  0.356 ■ log WS + 3.01

0.S87

15

pesticides

WS in pg/nil

Kenaga &
Goring
(1980)

log K„m =  0.5.5 · log WS + 3.40

0.843

106

pesticides

WS in nig/I

Gerstl (199(1)

log K,„ =  0.508 ■ log WS + 0.953

0.870

419

WS in mol/l

log K,K =  5.12 · log WS c o „ + 1 . 3 1 0

0.846

419

heterogeneous
dalasel
heterogeneous
dalasel

log K,K. =  0.320 · log WS co „ + 1.353
log KlK. =  0.231 · log WS co „ +1.673
log K,K. =  0.475 · log WS + 1.318

0.892
0.864
0.916

21
12
73

log K,K =  0 . 5 1 8 · log W S a m + 1.425

0.897

73

log KlK =  0.609 · log WS + 0.564

0.892

35

log K,K. =  0.586 · log WS c o n + 0.738

0.883

35

log KlK. =  0.439 · log WS + 1.910
log K,„ =  0.627 · log WS + 1.969

0.922
0.872

20
20

acelanilides
amides
halogenated
aromatic
hydrocarbons
halogenated
aromatic
hydrocarbons
organophos
phorous
pesticides
organophos
phorous
pesticides
PAHs
PAHs

log K<K =  0.594 ■ log WS 0.197

0.972

5

PAHs

log Kllc =  0.921 ■ log WS 0.00953 (mp 0.997
25)1.405

5

PAHs

PCBs. TCBs.
Chlordane on
soil 1
PCBs. TCBs.
Chlordane on
soil 2

WS as
fraction

Karickhoff
(1981)

Chin et al.
(1988)

Vowles &
Mantoura
(1987)

R

WS,.„n consid
ering a heal of
fusion term

:/

mole

log K^IOSHI =  0.324 · log X," + 2.88

0.94

5

log K,K.|M¡,,„ =  0.547 · log X " + 0.58

0.94

5

log K p =  1.142 ■ log WS * V  3.132

0.977

14

aromatic
hydrocarbons
on sediment

WS in mol/l. V
in l/mol

0.64

15

apolar
hydrocarbons

WS in pmol/l

Mingelgrin & log Κ,„ =  0.58 ■ log WS + 4.24
Gerstl (1983)
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Table 2 (continued)  KiX estimation by water solubility
Reference

Correlation

R

η

Substances

Units

Chiou et al.
(1983)

log K„„, =  0.729 · log WS + 0.001

0.998

12

benzenes.
PCBs

WS in mol/l

Gerstl ¿i
Mingelgrin
11984)

log K,„„ = 0.561 log W S + 3.8

0.931

7

pesticides

WS in μιηο1/1

Feng et al.
(1996)

log Κ,*. =  0.554 ■ log WS + 1.262

0.986

18

phenylthio
carboxylates

*/*

Karickhoff et
al. (1979)

log K „ =  0.54 · log WS + 0.44

0.97

10

aromatics,
PAHs

WS as mole
traction

Chiou et al.
(1979)

log K11C =  0.56 ■ log WS + 4.28

0.99

15

chlorinated
hydrocarbons

WS in μ mol/l

WS: wilier solubility

WSu,rr: water solubility corrected by crystal energy term

mp: melting point

X," :

mole fraction aqueous solubility

Kom = I.724.K,,.

Table 3  Koc estimation by noctanol/water partition coefficient. K(V
Reference

Equation

R

η

Substances

Briggsera/. (1981)

log
log
log
log
log
log
log
log
log
log
log
log
log
log

0.94
0.86
0.98
0.94
0.97
0.97
0.86
0.95
0.84
0.99
0.97
0.96
0.99
0.95

8
14
6
14
4
5
4
15
8
5
7
10
5
105

anilines
anilides
nitrobenzenes
dimethylphenylureas
melhylmethoxyphenylureas
methylphenylureas
cycloalkylphenylureas
phenylureas
Nphenylcarbamates
Nalkylcarbamates
organophosphates
halogenated hydrocarbons
miscellaneous
all together

Kanazawa et al. 11989)

log K,x = 0.402 ■ log K,„ + 1.071

0.689

9

pesticides

Gerstl (1990)

log K„ t = 0.679 · log K, » + 0.663

0.912

419

heterogeneous dalaset

K„„, = 0.48 · log K„ , + 0.80
K„„, = 0.52 ■ log K„, + 0.62
K,,,,, = 0.45 ■ log K„„+ 0.93
K„„, = 0.53 · log K,„ + 0.57
K„„, = 0.92 ■ log K,„  0 . 4 4
K„„, = 0.59 ■ log K,n+ 0.42
K(„„ = 0.40 ■ log K„». + 0.77
K„m = 0.57 · log K„v . + 0.68
K,„„ = 0.48 · log K m + 0.59
K„„, = 0.50 · log K,„ + 0.62
K„m = 0.58 ■ log K,„ + 0.32
K,,,,, = 0.54 ■ log K,„ + 0.76
K,m, = 0.57 ■ log K„„. + 0.60
K„n, = 0.53 · log Κ οϊ + 0.64
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Table 3 (continued) - K<K. estimation by n-octanol/water partition coefficient. K„
Reference

Equation

Gerstl (1990)

logK(K=
log K « =
log ΚΛ. =
log K,v =
logK, K =
log K,„. =
log K,K =
log KlK =
log Κ,„ =
log K,„ =

R

Η

Substances

logK m v + 1.023
0.253 · log K„„ + 1.776
0.722 · log K„„ + 0.417
0.433 ■ log K„„ + 0.919
0.431  l o g K , m + 1.7S7
0.762 ■ log K„„ + 1.051
0.586 · log K„„ + 0.826
0.58.3 · log K,„, + 0.969
0.545 · log K„„. + 0.943
0.556 ■ log K,„, + 0.863

0.899
0.899
0.925
0.929
0.923
0.948
0.946
0.894
0.844
0.863

21
12
73
39
20
20
16
18
57
33

acetanilides
amities
halogenated aromatic HCs
carbamates
dinitroanilines
PAHs
triazines
triazolcs
urcas
miscellaneous

Karickhoff (1981)

log K « = 0.989 ■ log K,,„.  0.346

0.998

5

PAHs

Chinero/. (1988)

log K„, lOSH i = 0.374 · log K„„ + 3.16
log K M M i d „ = 0.615 · log K,„, + 1.18

0.94
0.94

5
5

PCB. TCB. Chlordane
CCL, lindane. TCBs. PCB s.
chlordane

Vowles & Manioina
(1987)

logK,^.= 1.1.5 l o g K „ „  1.13

0.980

14

aromatic HCs on sediments

Chiou et αϊ. (1983)

log K„„, = 0.904 · log K,„,  0.779

0.994

12

ben/enes

Gerstl & Mingelgrin
(1984)

log K„„, = 0.72 ■ log K„„ + 0.44

0.875

5

pesticides

0.976

Feng et al. (1996)

log Kom = 0.567 · log K,m + 0.957

Binstein & Devillers
(1994)

log K„ = 0.93 ■ log K,m. + 1.09 ■ log l,K0.966
+ 0.32 c FA  0.55 CFB · +0.25

Müller & Kordel
(1996)

log K,K = 0.53 · log K„„ + 1 . 1 8

Sabljic et al. (1995)

IS

phenylthiocarboxylates

229

heterogeneous dalasel

0.844

66

heterogeneous dataset
(aromatics)

l o g K « ^ 0.81 ■ log K„„ + 0 . 1 0

0.943

SI

log K,„ = 0.52 ■ log K„„ + 1.02
log K w = 0.63 ■ log K„„ + 0.90

0.795
0.865

390
54

log K,K = 0.47 ■ log K,„, + 1.09

0.826

216

log K,K =
logKoc=
log K,K =
logKlK=

0.850
0.719
0.876
0.679

36
21
13
28

heterogeneous dataset
"predom, hydrophobic"
non hydrophobic
phenols, anilines.
ben/onitriles, nilrobenzenes
acetanilides, carbamates, es
ters, phenylureas, phosphates,
triazines, triazoles, uracils
alcohols, organic acids
acetanilides
alcohols
amides

0.47 ■ log K,„, + 0.50
0 . 4 0 · log K , m + 1.12
0.39 · log K,m + 0.50
0.33 ■ log K,„, + 1.25
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fable 3 (continued)  K(K. estimation by noctanol/water partition coefficient, K0
Reference

Equation

R

η

Substances

Sabljic et al. (1995)

log
log
log
log
log
log
log
log
log
log
log

0.905
0.760
0.909
0.874
0.839
0.865
0.865
0.790
0.856
0.567
0.811

20
43
20
25
10
23
24
52
41
16
15

anilines
carbamates
dinitroanilines
esters
nitrobenzenes
organic acids
phenols, benzonitriles
phenylureas
phosphates
triazines
tria/.oles

Noegrohati & Ham
mers (1992)

log Κ,„ = 0.4.31 · l o s K , « + 2.52

*/*

13

organochlorine pesiicides

Κ Λ = 0.968 · log K, „  0 . 1 5
K,K = 0.779 · log K, „ + 0.46
K,„. =. 0.48 · log K im + 1.08
Kllt = 0.492 ■ log K,» + 0.93
K „ = 0.457 ■ log K,„ + 0.87
K ( K = 0.621 ■ logK,„ + 0.53

*/*
*/*
*/*
*/*
*/*
*/*

10
5
6
42
12
8

K,„ =
Κ,„ =
K,K =
K,K. =
K,„. =
Κ,„ =
K,K. =
K„c =
Κ,„ =
K„, =
K« =

0.62 log K,„, + 0.85
0.365 ■ log K,» + 1.14
0.38 · log K„„ + 1.92
0.49 · log K,m + 1.05
0.77 ■ log K„»+ 0.55
0.60 · log K,m + 0.32
0.57  log K,,„+ 1.08
0.49 · log K„„ + 1.05
0.49 · log K„„ + 1.17
0.30 ■ log K,„+ 1.50
0.47 · log K„» + 1.405

l o g K „ c = 0 . 1 5 2  l o g K, „ + 3.05

*/*

7

PAH's
chlorophenols
chlorostriazines
phenylureas
carbamates
organophosphorus insecticides
on loamy soils
organophosphorus insecticides

Means etat. (1982)

log K(K. = log K„w  0.317

0.990

21

nonpolar aromatics

Szabo et al. (1990)

log K„ c = 1.023· logK, ».  0.578

0.960

10

aromatic hydrocarbons

Sliukul et al. (1991)

log K,K. = 0368 ■ log K„„+ 1.642

0.910

10

benzonitrile derivatives

van Gestel et al.
(1991)

log K,K. = 0.89 ■ log K„„ 0 . 3 2

0.9.33

34

chlorinated phenols, benzenes
and dichloroanilines

log
log
log
log
log
log

Hastide et al. (1980)

Kj= 6.69 logK,,» + 0.616

0.943

8

propyzamides

Szabo & Guczi
(1995)

log Kx=

0.81 1 · loa K„, + 0.263

0.934

16

aromatic hydrocarbons

Hodson & Williams
(1988)

log K „ = 0.827 · log K„, + 0.293

0.947

20

aromatic hydrocarbons

Pussemier et al.
(1990)

log K,„. = 1.009 ■ log K„
».0.531

0.959

li

aromatic hydrocarbons

log Κ,„. = 0.757 · log K, „ + 0.291 ■ δ  0.994
2.447

1 1

aromatic hydrocarbons

log K„c = 0.72 · log Km, + 0.49

13

benzenes and tetrachloroethyl
ene

Schwarzenbach &
Westall (1981)
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Table 3 (continued)  Koc estimation by noctanol/water partition coefficient. K,n
Reference

Equation

;;

Substances

Brown & Flag (1981)

log Koc =
0.006

0.937

log K,,»  0.975

9

triazines and trilluralin
derivatives

Ding & Wu (1995)

log Kj« =
1.071

0.402

log K„„ + 0.872

5

chlorinated organic pesticides on
dissolved organic matter

Briggs (1973)

log K „ =
0.855

0.524 · log K„„ + 0.92

30

.substituted ureas.
Nalkylcarbainates

Rao & Davidson (1980)

log KlK. =
0.18

13

pesticides

R

1.029

log K,,»  0.95

CfA correction term for acids
B
CF ' correction term for buses
δ : Hildebrand's solubility parameter Kom = 1.724 · K^.

Table 4  Kuc estimation by RPHPLC retention behaviour
Reference

Equation

R

n

Substances

Collinin
type

Kanazawa(1989)

log K.K. = 2.352 · log t, + 0.705

0.832

15

pesticides

C IS

Chinelai.

log ΚΛ. ¡osin = 2.78 ■ log lt. + 0.982
2.17
log K,K. |M;C|„ = 2.88 ■ log tt. + 0.998
1.47

5

PCBs. chlordane, TCB s

C IS

5

CCI,, lindane. TCB s. PCB s. C IS
chlordane

Vowles & Man
toura(1987)

log Kp = 3.023 · log k ' + 1.085

0.986

14

aromatic hydrocarbons

Müller & Kordel
(1996)

logK,,. = 2.15 log k' + 2 . 5 8

0.827

66

heterogeneous dalasel (mostly CNP
aromatics)

Szabo et al.
(1990)

log K,K. = 0.948 · log k„
1.781
log K,K. = 0.963 ■ log k„
2.436

+ 0.993

10

aroinaiic hydrocarbons

Cl H AC

+ 0.997

1(1

aromatic hydrocarbons

PIHAC

0.983

10

benzonitriles

C 18

+ 0.990

16

aromatic hydrocarbons

CIHAC

+ 0.974

16

aroinaiic hydrocarbons

CISAC

+ 0.965

16

aromalic hydrocarbons

CIHQ

log K« = 2.47 ■ log k' + 2.06

0.973

20

aromatic hydrocarbons

CNP

logK ( K .= 1.59log k + 1.07

0.882

20

aromalic hydrocarbons

C 18

log K « = 1.120 ■ log k'  0.486 0.899

11

aromalic hydrocarbons

PC

0.910

11

aromalic hydrocarbons

C 18

(1988)

Shuokui et al.
(1991)

log K„. = 0.456 · log k' + 1.432

Szabo & Guczi
(1995)

log Κ,„ = 1.012 ■ log k„
1.709
log K „ = 1.037 ■ log k„
0.471
log K,K = 1.002 ■ log k„
0.201

Hodson & Wil
liams (1988)
Pussemier et al.
(1990)

logK, K .= 1.332

log k 0.261
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Table 4 (continued)  K„t estimation by RPHPLC retention behaviour
Reference

Equation

R

It

Substances

Column
type

Pussemier el al.
(1990)

log Κ,, = 1.344 · log k + 1.563

0.975

II

aromatic hydrocarbons

EC

log K « = 0.893 · log k + 1.803
log Κ,κ. = 0.781 · log k + 0 . 4 0 7
• δ  3.353
log Κ,„ = 0.936 ■ log k +0.391
■ δ  3.050
log Κ,, = 1.060· log k + 0 . 2 3 4
• δ  0.989
log Κ,„ = 1.033 ■ log k  0 . 1 4 3
■δ2.981

0.985
0.990

11
11

aromatic hydrocarbons
aromalic hydrocarbons

PIHAC
PC

0.992

11

aromalic hydrocarbons

C 18

0.994

11

aromatic hydrocarbons

EC

0.988

11

aromalic hydrocarbons

PIHAC

He et al. (1995)

log Κ,κ = 0.548 ■ log k„' + 0.963
1.434

22

phenylsulfonylacetaies

C 18

Donati et al.
(1994)1

log K,„ = 3.52· log k' + 0 . 8 1

0.876

26

triazines

C 18

Kordel et al.
(1995a)

log K,„ = 1.68 · log k + 2.97

0.84

42

pesticides, triazines. amides

CIHAC

log Κ,„
log K «
log KlK:
logK,,
log Κ,„

0.80
0.96
0.99
0.83
0.95

42
10
5
50
48

pesticides, triazines, amides
amides
triazines
pesticides, triazines. amides
pesticides, triazines. amides

PIHAC
PIHAC
PIHAC
PIHAC
CNP

logK,,. = 2.1 log k + 2 . 2

0.93

32

pesticides

CNP

log K„c = 1.40 ■ log k + 2.5
logK,,. = 1.9 log k + 3 . 1
log K „ = 2.0 · log k + 3.0

0.87
0.86
0.92

30
33
46

pesticides
pesticides
pesticides

C18
ΤΜΑΡ
TMAP

10

aromatic hydrocarbons

PIHAC 
ALO.,

28

pesticides

CNP

Kordel et al.
(1993)

= 1.32· log k + 2 . 9 8
= 0.8 · log k + 2 . 1
= 1 . 7  log k + 2.9
= 1.5 ■ log k + 2 . 8
= 1 . 8 · log k + 2.3

Szabo λ B ulman
(1994)

log K,„ = 1.086 · log k„
2.131

Görlitz &
Matthieu (1990)

log K,, = 2.1 ■ l o c k ' + 2.2

+ 0.995

0.90

CIS : octadecylsilane column
CNP: cyanopropylic column
CIHAC: chemically immobilised humic acid column

TMAP: trimethylammoniumpropylic column
k : capacity factor
kvl : capacity factor extrapolated a 100% water mobile
phase
PIHAC: physically immobilised humic acid column
Ô : Hildebrand's solubility parameter
CIHQ: chemically immobilised 8hydroquinoline col l^ : corrected retention time (tR  k>)
unin

PC: phenylic column
EC: ethylic column

tr : retention time
Kom = 1.724 . KxK
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Table 5  K„, estimation by topological indices
Reference

Equation

R

Gerstl (1990)

l o g K , , = 0.519  V  1.76
Y 0.843
+ 0.732 ■ 4XPCV + 0.487
log K „ = 1.22 . 'χ'  1.06 ■ Y 0.871
 0 . 6 2 1 V  118
0.920
log K „ = 0.207 · "χ + 0.969
V0.712V0.184
log K„. = 0.365 · 4 XPC + 0.135 ■ 0.936
V  0 . 0 9 4  V + 1.15
log K,,. = 1.91 ■ V  1.54 ■ V 0.909
+ 1.95  V + 0.801

η

Substances

21

acetanilides

12

amides

73

halogenated aromatic hydrocarbons

17

halogenated nonaromatic hydrocarbons

20

PAHs

Sabljic (1989)

log K,„„ = 0.53 · 'χ + 0.43

0.977

72

PAHs. halogenated aliphatic and aromalic
helerocycles

Sabljic et al.
(1995)

log K „ = 0.52 . 'χ + 0.70

0.981

81

heterogeneous dataset

Ballnick &
Doucette (1988)

log K,,. = 0.44 ■ 'χ + 0.34

0.71

56

heterogeneous dalasel

log K,, = 0.53 · 'χ  1.25 ■ Δ Y 0.973
 0.72 ■ Δ"χν + 0.66
log K,„ = 0.5.3  'χ + 2.09 · Δ Y 0.969
+ 0.64

56

heterogeneous dalaset

56

heterogeneous dalasel

0.977

72

PAHs. chlorobcnzenes. PCB s. halogenated
alkalies and alkenes, chlorophcnols

21

acetanilides

11

amides

16

dinitroanilmes

15

triazoles

0.982

36

PCBs, chlorobcnzenes. chlorophcnols

37

PAHs and halogenated hydrocarbons

Sabljic & Piver
(1992)

log Κ.„„ = 0.53 · 'χ + 0.43

Sekusac &
Sabljic (1992)

log Κ,, = 0.28 ■ 'χ ν  0.49 · Δ, + 0.92
3.33 ■ FG + 0.70
log Κ,, = 0.44 · V  ° · 2 4 ' 0.97
Νο ΝΙ '  0.45
log Κ,, = 0.25 . ' χ  0.99 . No1'1' 0.97
4.23
log Κ „ = 1.27 ■ ' F X V  14.18 · 0.95
No Rl " s  0.25 · No1'1'  2.32

Sacan & Balcio
glu(1996)

l o g K , , = 1.034

Sabljic (1984)

log K,„, = 0.55 · 'χ + 0.45

0.97.3

Gerstl & Helling
(1987)

l o g K „ = 1.146· V + 0.54

0.909

heterogeneous dataset (nonpesticides)

log K „ = 1.95.3 ■ Y  4.010 ■ 0.951
V0.17
0.930
log K,„ = 0.567 ■ Y  0.29

heterogeneous dalaset (nonpesticides)

Sun et al. (1996)

CRI + 0.441

Γ

log K,, = 0.124 ■ 'χ + 0.426· σ ' 0.955
 1.129
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Table 5 (continued)  K,„ estimation by topological indices
Reference

Equation

R

η

Substances

Koch (1983)

log K„ = 0.673 · Y + 0.445

0.974

18

aromatic halogenated hydrocarbons

Koch & Nagel
(1988)

log K„ = 0.666 ■ 'χ' + 0.367

40

aromatic hydrocarbons, pesticides

Sabljic & Protic
(1982)

log K„,= 1.031 · Y + 0.763

8

PAHs

0.974
0.99

"/.· l'A· V  '/pi · Λ ι : 'lh order molecular connectivity index

FG : number of discrete functional groups normalised
to the number of atoms

Δ°χν, °χν, 'χ\. Δ'χ\ : χ \ 3χΓν, ' χ \ 4XPCV. 5Χ% : i'1' order valence No' ' : number of nonpolar sites in the molecule
molecular connectivity index
No

'FX^ : polarity index

: number of polar sites in the molecule

NoRl,1ï : number of rinns in the molecule

No1

a' : electronic parameter for.electronwithdrawing effects

CRI : characteristic root index

K„m= 1.724. It«

Table 6  KiK estimation by molecular parameters and LSER
Reference

Equation

R

η

Substances

Reddv &
Locke 11994)

log K,„ = 0.0256 ■ VDW V  1.8880

0.889

13

log K„, = 0.0438 · VDWy  0.171.3 · α  0.9999 · μ + 0.922
0.9180 e „, +7.0741
log Κ,„ = 0.0271 · VDWv  2.4877
0.959
0.980
log K „ = 0.0154 ■ VDWv + 0.1077 ■ α  0.1514 ■ μ +
0.7610 ■ 0Η.„„„  8 . 9 2 5 8
log Κ,, = 0.0149 · VDWy + 0.0252
0.866
log Κ,„ = 0.0154 ■ VDWv  0.0313 ■ α  0.2598 · μ 0.9.38
2.3662 e „„ + 1.2204
log Κ,, =  0.9647 ■ e Lum „+ 2.3582
0.714
log Κ,, =  0.00002 · VDWv + 0.0732 · α  0.0886 · μ 0.995
 1.4016 ■ e, „„„, + 1.1712
log Κ,,, = 0.0221 · VDWv  1.5844
0.883
log Κ,, = 0.0507 · VDWv  0.3693 · α + 0.0606 · μ + 0.906
1.0270e „ „ + 9 . 4 4 3 6
0.775
l o g K , , = 0.1394 μ + 4 . 1 0 6 8
log K,„ =  0.0588 · VDWv + 0.228 Ι α  0.2435 ■ μ  0.954
1.5633 S,.; + 1.4872

13
14
14

carboxylic acids herbi
cides
carboxylic acids herbi
cides
urea herbicides
urea herbicides

14
14

carbamates
carbamates

7
7

acid amines
acid amines

12
12

triazines
triazines

11
11

dinitroanilines
dinitroanilincs
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Table 6 (continued)  Koc estimation by molecular parameters and LSER
Reference

Equation

R

η

Substances

Reddy &
Locke(1994)

log K „ = 0.0195 · VDWv  0.9944

0.825

71

herbicides

log K,„ = 0.0162 ■ VDWv + 0.0219 · α  0.0502 · μ  0.8.37
0.3607 ■ eH„lml  3.9898

71

herbicides

Kanazawa
(1989)

log Κ,, = 0 . 0 0 8 5  M w + 0 . 1 3 2

0.793

15

pesticides

Feng et al.
(1996)

log K(K. = 3.185 ■ V / 1 0 0  0.510 π '  1.525 ■ β + 0.991
0.851

18

phenylthio
carboxylates

Pussemier et
al. (1989)

log K,„„ = 0.55 ■ Π + 0.29 ■ δ  2.62

0.99

12

carbamates

log K„„, = 0.52 ■ Π + 0.19 ■ δ  1.72
logK„ n , = 0 . 4 9  n + 0 . 1 8 ô  1.66

0.97
0.98

16
13

phenyl ureas
anilides

1.040Pr10

0.971

11

aromalic hydrocarbons

0.975
0.984

11
11

aromalic hydrocarbons
aromalic hydrocarbons

0.987

11

aromalic hydrocarbons

Pussemier et
al. (1990)

0.3.37

3.162 V D W v  0 . 9 0 1
log Κ,, = 0.8.37 ■ Pr '" + 0.20.3 · δ  1.642
log Κ,, = 2.574 ■ VDWv + 0.196 ■ δ  2.058
He et al.
(1995)

l o g K „ = 2.175

0.988

28

phenylsullbnyl acetates

Rcddy &
Locke(1994)

log Κ „ =  0.0.306 · VDWv + 0.00013 · ( V D W V ) :  0.8.37
0.3116 · μ + 0.05009 ■ μ :  0.5716  eLlm„, + 3.6424
log Κ,, = 0.0158 ■ VDWv  0.1591 ■ μ  0.524 · e,,,,,,,,0.959
+ 0.3376
0.975
log K,K. = 0.0168 ■ VDWv  0.3007 · μ + 0.1723
0.954
log K „ = 0.0206 ■ VDWv  0.1879 ■ μ  0.0215 ■ e,,,,,,,,
 1.1505
log K,„ =  0.00007 · VDWv + 1.8209 ■ μ  6.8824 · 1.000
e,.„„„,  6.0038
log K „ = 0.0144 ■ VDW V  0.4183
0.927

44

substituted phenylureas

15

phenylureas

5
15

phenyl1melhylurcas
phenyl1,1
dimcthylureas
phenyl1methyl1
melhoxyureas
phenyl1
cycloalkylurcas

Lohninger
(1994)

log K „ = 0.732  β„ + 0.153 · °χν  0.764  0 : S  0.901 0.879
• 0 : P 0.318 · C C C i N  0.729 · 0 , C + 0.222 ■ n 34 +
0.216 · C4C4C10 + 0.482 ■ C,S,C + 0.122 · CI  0.259 ·
C 2 0 , N | C + 0.043

12
0

heterogeneous dalasel

Oepen et al.
(1991)

logK,, = 0.27SPOL0.41

0.94

10

organic csler (Podzol)

log Κ,, = 0.23 S P O L + 0.11
log K „ = 0.22 ■ SPOL  0.07

0.96
0.94

10
10

organic csler (All'isoli
organic ester
(Sediment)

V / 1 0 0  0 . 6 6 6  π '  1.260 β  1.821
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Table 6 (continued)  K„, estimation by molecular parameters and LSER
Reference

Equation

;/

Substances

Park & Lee
(1993)

l o g K , , = 4 . 8 4  V / 1 0 0  0 . 5 0 π  0.59 ■ δροί - 1-11 - β 0.968
+ 0.23

42

heterogeneous set of
substituted alkanes,
mono and poly aro
matic hydrocarbons

Sun et al.
(1996)

log Kp = - 0.376 ■ σ '  0.347

0.937

8

organotins

Kiewiet el al.
(1996)

Kp = 0.33 ■ η + 0.06 · m  1.7

0.938

II

alcohol ethoxylates

Hance(1969)

log K „ = 0.0067 · (Ρ  45 ■ Ν) 0 . 6 5

0.83

29

R

(below CMC)

VDWV : Van der Waals volume
α : mol. Polari/ability
μ : dipole moment
M* : molecular weight
V, : intrinsic mol Volume
δρ<,] : polari/ability correction factor
β : hydrogen bond acceptor basicity
m : N° of cthoxy'ate fragments
η : N° of C in alkyl chain
σ : electronic parameter describing electron withdra
wing effects
0 : S : sulfoxy groups, O^P : phosphinoxy groups,
C4C4C1N : aromatic amine groups. 0 | C : hydroxy
groups
K„m= I.724.K«

1.3,5triazines,
phenylureas,
carbamates

SE : electronic super delocalizabili'.y
SPOL : self polari/ability
Pr : parachor
π* : polari/ability term
Π : hydrophob ici ty derived from Kow or HPLC measu
rement
P: parachor, N: sites for Hbonding
ßo : structural fragment parameter (not specified )
°χν : zeroorder valence molecular connectivity index
n34 : topological parameter (not specified)
δ : Hildebrands solubility parameter
C4C4C10 : arom. ether or alkohol groups, C¡S|C :
methylene  S groups, CI : chlorine atoms, C 2 0|N]C
:urethan groups

Table 7  KiK estimation by miscellaneous
Reference

Equation

R

Gerstl (1990) log K,, =  0.374 ■ log WS + 3.00 · 'χ ν  0.440 · 0.992
V PC  0.393
log K „ = 0.387 ■ log K„w + 0.270 · "χν  0.152 · 0.944
V 0.036
log K „ =  0.385 ■ log K,m.  0.161 · log WS  0.885
0.130 3 Xc+ 1.03
log K „ =  0.383 ■ log WS  0.089 ■ s x  0.285 ■ 0.929

η

Substances

12

amides

73

halogenated aromatic
hydrocarbons

38

nonhalogenatcd aromatic
hydrocarbons

39

carbamates

35

organophosphorous
pesticides

20

PAHs

16

triazines

Vc+1.20
log Κ,, =  0.563 ■ log WS + 0.125 ■ 3 χ + 0.253 ■0.927
V 0.156
log K,, = 0.666 ■ log K„w  0.969 ■ 2 χ  0.875 ■ 3 χ0.962
+ 0.246
log Κ,, = 0.669  log K,,„  0.183 ■ log WS  0.173 0.966

V " 1.55
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Table 7 (continued) - Ko, estimation by miscellaneous
Reference

Equation

R

η

Substances

57

ureas

33

miscellaneous

419

heterogeneous dataset

0.949

23

log K„, = 0.588 ■ log k'„ + 0.529 ■ Δ°χ + 0.432 0.937
C 18
log K«. = 0.526 ■ log K,,„ + 0.666 · (HA + HD) + 0.947
0.792
log K,K = 0.578 · log k'„ + 0.172 · (HA + HD) + 0.929
0.471

23

monocyclic aromatic
hydrocarbons
monocyclic aromalic
hydrocarbons
monocyclic aromalic
hydrocarbons
monocyclic aromalic
hydrocarbons

ν

Gerstl (1990) log Κ«, = - 0.448 ■ log WS + 0.430 ■ °χ  0.623 0.977
■
V  0.960
log K« = 0.350 ■ log K,w  0.375 ■ log WS +0.933
0.229 ■ V + 0.388
log K,, = 0.375 · log K,„  0.324 · log WS  0.058 0.934

• V +0.987
Hong et αϊ.
(1996)

Δ

log K» = 0.530 ■ log K„w + 0.207 ■ Δ°χ + 0.776

°Χ· 2X< 'X· "'¡Co 4Xi'c 5X : i'h order molecular connectivity index

°Χν· 'χ ν .· 2 χ ν · 'Xc"· 3XV, 4Χιτν· V
connectivity index

23
23

WS : water solubility

: i'h order valence molecular K„„ : noctanol/water partition coefficient

C 18 :: octadecylsilane column

k » : capacity factor extrapolated lo a 11)0 % water
mobile phase

HA : number ol electron acceptor groups

HD : number of electron donor groups

K„m = 1.724 . K ,

scriptors capture only a part of the occur
ring processes during adsorption, and
taken as a single descriptor they are far
from being a satisfactory tool for Koc es
timation for all substances. This would
also mean that most of the observed corre
lations based on simple linear regression
are coincidences where, the sum of influ
ences which are not covered by the se
lected variable is equal to zero for a given
substance class. A confirmation can be
seen in the difficulties of deriving univari
ate models for substance classes with po
larizable functional groups and the appli
cability of the LSER approach to soil
sorption. Unfortunately, the available data
on this subject is poor and the mentioned
difficulties in comparing sorption data
from different sources makes it almost

impossible to answer this question at the
actual stateoftheart.
Remarks
The review on alternative methods for the
estimation of soil adsorption coefficients
from experimental or topological parame
ters showed that suitable correlations exist
for many relevant substance classes be
longing to the large group of nonionic
environmental chemicals. There can be no
doubt that the application of Kim as a de
scriptor for soil sorption is the most com
mon approach. The main reason for this
fact is certainly the availability of n
octanol/water partion coefficients for
these substances. The reviewed examples
demonstrate an applicability to specific
substance classes as well as to heteroge
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neous sets of chemically different structures.
At first sight, the possibility to assess
these values by modelling, if experimentally validated Kow data are not available
seems to be a further advantage of this
technique.
From a scientific point of view we share
the opinion that this approach is very ambiguous. If suitable calculation methods or
screening methods for Kow are acceptable
to the scientific community, one can
hardly explain why such an approach
should be inadequate when directly applied to Koc-prediction.
The results obtained by RP-HPLC screening are at least equal or maybe even better
than the Kow approach. The numerous examples for the usefulness of topological
indices, molecular descriptors and linear
solvation energy relationships for Koc estimation, and their capacity to predict Kow
accurately, if applied properly, is a very
strong argument for their applicability to
K„c. The circumstance that different substance classes require different combinations of molecular indices, does not mean
that MCIs are not suitable as Koc descriptors, but is a challenge to investigate the
encrypted information further.
To our mind it is impossible at the present
level of knowledge to give recommendation on the choice of the right approach or
equation as proposed by other groups. The
scarce comparability of most sorption data
- a problem which was mentioned in all
publications of interest - opens the door to
a more polemic rather than scientific discussion of the subject. The examples
listed in Tab. 1 proof that it is possible to
find suitable adsorption coefficients for
almost any published equation aiming on
the respective substance class. Under
these conditions who would dare to say

that one equation or approach should be
preferred to another? However, we can
find in each of the proposed "philosophy",
arguments against the other ones. Thus,
we renounced to judge the predictive
power of the different correlations.
Moreover examples for their ability to
predict Koc can be found in the original
papers.
It should be stressed at this point that care
must be taken to avoid extrapolation on
substance classes which were not included
in the initial training set used for derivation of an equation.
We are aware that regression coefficients
are certainly no warranty for predictive
power, but at least they allow to evaluate
if a given correlation makes sense or not.
At this occasion it should be pointed out,
that generally better correlations are obtained, if experimental data were taken
from a unique source, thus, eliminating
the influence of systematic errors during
the measurement step and decreasing the
variability of Koc values.
The 7th
amendment
of
Directive
67/548/EEC requires in its annexe VII A a
suitable testing method able to supply data
for a general environmental risk assessment. The above discussed approaches
meet all the condition to supply more or
less accurate estimates of Koc in a reasonable time, compared to classical batch
type studies.
Experimental HPLC-Screening of ad
sorption coefficients using EUROSOIL
derived data
As already mentioned the group of Kördel
et al (1993. 1995a.b) developed in recent
years an experimental set-up for the
screening of Koc based on a simple determination of retention times in a HPLCsystem. As this approach was validated by
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an international interlaboratory exercise
(Kordel et al. 1995b) and as good results
were obtained for a training set containing
a variety of structurally different sub
stance classes, it was decided to test the
method with adsoiption data obtained by
tests with the first generation of EU
ROSOILS (Gawlik et al, 1997). Again,
excellent correlations between the HPLC
capacity factor and the adsoiption coeffi
cient could be observed. In the following
section the application of this approach to
data derived from the new EUROSOILS
is discussed. In addition to that, the differ
ent equations obtained are compared to
those derived from the previous version of
the European Reference Soil Set.
Materials and Methods used
Reagents
The following lest substances were used:
Reagent
Monuron (99 %)
Carbendazim (98 %)
Quintozene (99 %)
Benzamide (99 7c)
2Chlorobenzamide (98 c/c)
3Nitrobenzamide (98 7c)
2Nitrobenzamide (98 %)
4Nilrobenzamide (98 %)
NMethylbenzamide (99 %)
2Cliloro4.6diamino1.3.5
triazine (95 %)
N,N'Dimethylbenzamide
(99 %)
Acetanilide (99.9 7c)
3,5Dinitroaniline (97 %)
1.2.3Triclilorobenzene (99 %)
Formamide (99 7c)
Naphthaline (99 7c)
INaphthylamine(99%)
4Chloroaniline (98 7c)
NMethylaniline (99 7c)
2Nitrophenol (98 %)
Hexachlorobenzene (99 7c)
Ethylbenzene (99 7c)
1Naphthol (99'.;)

CAS
150685
10605217
82688
55210
609665
645090
610151
619807
613934
3397624

>

a.
611745
103844
618871
87616
75127
91203
123327
106478
100618
88755
118741
100414
90153

r.
D

Ç.
3

Reagent

CAS

Aniline (99.5 7c)
2,4Dichlorophenol (99 7c)
Atrazine (99 7c)
2.4D(99 9i·)
Triapenthenol (99.3 7c)
FenoxapropPethyl (99.9 7c)
Sulprofos (93 7c)
Pencycuron (99.2 7r)
2Bromonaphthaline (97 7c)
Phenol (99.5 %)
CaCl : 2H;0
ammonium acetate
citric acid
H,P0 4
Citric acid buffer (Titrisol.
pH6)
Monolinuron (99.1 7c)
Isoproturon (99.5 7c)
Triadimefon (99.8 7c)
Triadimenol (99.4 7c)
Anthraquinone (99.4 7c)
Linuron (99.8 7c)
Fenlliion (99.4 7c)
3,5Dinitrobenzamide (99 7c)
Prometryn (99.5 7c)
aEndosulfan (99.8 7c)
Trifluraline (99.6 7c)
Methiocarb (99.7 %)
Pyrazophos (99.2 7c)
Acenaphthene (99.9 %)
Plieiiantlirene (99.8 7c
Simazine (99.2 7c)
Propazine (99.7 7c)
p.p'DDT (99.7 7c)
o.p'DDT(99.8 r /r)
Terbutryn (99.6 %)
4Methylaniline (99.9 7c)
4Chlorophenol (99 %)
Triazoxide(99 7r)
Fuberidazol (99 7c)
Fenoxapropethyl (99 %)
Endosulfansulfate (97 7c).
Isofenphos (98 %)
Diclofopmethyl (99 7c)
Disulfoton (97 7c)
Fenamiphos (97 %)
Azinphosmctliy! (98 7c)
Fensulfothion (98 7c)

1746812
34123596
43121433
89482177
S4651
330552
55389
12181 3
7287196
959988
1582098
2032657
13457186
83329
85018
122349
139402
50293
789026
886500
106490
106489
72459586
3878191
66441234
1031078
25311711
51338273
298044
22224926
86.500
115902

Triazophos (75 7c)

24017478
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The HPLC solvent acetonitrile (gradient grade
quality) was purchased from ABI. Milan. Italy. Ultrapure water was obtained by treatment of deionised water with a Barnsted' EASYPURE UV module.

Soils
All soil adsorption tests were performed
with both versions of the the European
reference soil set - the EUROSOILS - decribed in the previous chapters
Determination of soil adsorption coefficients
The experimental set-up for the determi
nation of the EUROSOIL-specific soil ad
sorption coefficients was the same as de
scribed in previous chapter of this report.
Owing to the poor solubility of anthraquinone, endosulfan-sulphate, fenoxapropethyl, fenoxaprop-P-ethyl, respectively, a
soil/solution ratio of 1 : 25 (m/m) was
chosen. In these cases the initial concen
tration was 0.5 mg/L.
Determination of HPLC capacity factors
All the measurements concerning the de
termination of the different capacity fac
tors were performed with the abovedescribed HPLC device. A cyanopropylic
column (Zorbax CNP. 5 μηι, 4.6 mm i. d..
25 cm length) purchased from VDS Optilab GmbH. Berlin, Germany, was used as
stationary phase. The mobile phase was
made of gradient grade methanol (ABI
Milan) and citrate buffer at pH 6 (Titrisol ,
Merck) mixed in a ratio of 55:45 v/v. No
pre-column was used. Analysis were run
under isocratic conditions at 40°C ± 0.1 °C
with a flux of 1 mL/min and detection was
done with a diode-array detector registrating the wavelength interval from 220 to
320 nm. The UV-cut-off of the mobile
phase used was 215 nm.
Samples were obtained by dissolving 5
mg of pure substance in the mobile phase

and then filtering with a 0.22 μηι syringe
filter. Aliquots of 20 pL were injected
with an autosampler. The system dead
time, to, was determined by injection of a
formamide solution (0.5 % in metha
nol/buffer 55:45 v/v). A mean value of t()
was established after injecting formamide
solution ten times. Analogue measure
ments with a urea solution (1 % in mobile
phase) confirmed the obtained value. The
dead time was checked regularly after 6
injection of other samples. No variations
could be detected.
The retention time of the test substances
was calculated from the mean of two con
secutive runs. In no case was the differ
ence between first and second value larger
than 0.05 min. The resulting capacity fac
tor, k', was calculated as :
k'=wiih in = retention time of test substance [min]
and /„ = system dead time |min|

The resulting retention times and the re
spective capacity factors are summarised
in the annex.
Validation of the HPLC screening method
In order to validate the HPLC screening
method, the correlation of the Koc values
of some reference substances previously
used in a ringtest campaign for the same
purpose with the capacity factors for those
chemicals in the above-described HPLC
system was studied. Table 8 lists the re
spective substances, the log(Koc) values
proposed for the intercomparison, and the
determined capacity factors. Figure 1 dis
plays the obtained correlations.
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Table 8  Reference substances used for the
validation of the HPLCsetup for K,„
estimation
Reference substance ' log(K„c)*

log(k')

Monuron
Atrazine
Triapenthenol
Linuron
Fenthion
Trifl uralin

0.099
0.124
0.14 1
0.227
0.528
0.847

:

1.99
1.81
2.37
2.59
3.31
3.94

Reference values according to Kordel et al, ( 1995b)
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Figure 1  Correlation of the reference ad
sorption coefficients with experimentally de
termined capacity factors
Discussion of results
Figure 1 illustrates that the logarithm of
the determined capacity factors could be
perfectly correlated with the reference
values used in the ringtest already men
tioned (Kordel et al. 1995b). This agree
ment underlines the fact that the HPLC
screening method can easily be adopted to
other laboratories.
After ensuring the traceability of the
HPLC approach, the possibility of deriv
ing soil specific correlations between ca
pacity factor on the one hand, and EU
ROSOIL derived adsoiption data on the

other, was studied. In order to eliminate
the influence of "chosen" values which
might falsify the degree of correlation no
literature data were used. The method's
applicability to EUROSOILrelated soil
adsoiption data log(Koc) and log(K|/n) data
of each EUROSOIL was evaluated by
plotting the respective values versus the
corresponding log(k') values. The ob
tained regressions are summarised in Ta
ble 9 and underline that especially for
EUROSOIL 3 and 5 a good degree of cor
relations could be observed, i.e. 0.928 and
0.940. respectively. The utilisation of the
unnormalised Krm values lead to parallell
shifted regressions having the same slope
and degree of correlation as the respective
log(Koc)/Iog(k') relationships. The regres
sions of the adsoiption data obtained for
EUROSOIL I. 2 and 4 versus log(k') gave
poorer correlations, but the results are still
significant and the derived degrees of cor
relation are in agreement with data pub
lished in the literature (Müller & Kordel.
1996; Kordel et al, 1993, 1995b).
No significant differences between the
correlations derived from the first genera
tion of the EUROSOILS to those derived
from the second one can be observerd, if
log(Kf/D)/log(k'^relationships
are
re
garded. Of course, parallel shifting occurs
in the case of the respective correlations
for log(K oc )/log(k'), which is due to the
variations of organic carbons contents al
ready discussed in the previous chapter.
However, the respective slopes did not
differ significantly and the observed dif
ferences are within the range of the ana
lytical variability of the experimental set
up.
The comparison of the soil adsorption co
efficients obtained for the different refer
ence soils reveals some interesting fea
tures which are useful to explain the ob
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served differences for each soil type. First,
the adsorption behaviour of EUROSOIL
1. a vertic cambisol from Sicily, is domi
nated by its high clay content (> 70 %).
Consequently, this top soil exhibits very
high Kf/D values. Only EUROSOIL 5, an
orthic podzol from northern Germany,
features higher adsoiption coefficients,
which might be attributed to its consider
able organic carbon content. EUROSOIL
2. a Greek rendzina. and EUROSOIL 3. a
dystric cambisol from Wales, are very
balanced with regard to their adsorption
behaviour. However, the Greek top soil
has a considerable carbonate content and
hence the highest soil pH among the stud
ied soils (pH = 7.4):
In contrast to EUROSOIL 1 and 5, EU
ROSOIL 4, a Loess derived orthic luvisol
from the Normandy region, gave the low

est adsorption values in all cases, indicat
ing a high susceptibility for leaching proc
esses.
In agreement with the obtained values for
Km, of EUROSOIL I and 5. the correla
tions with the capacity factor k' show the
highest intercept, whereas soils with a
lower adsoiption potential gave lower in
tercepts. In contrast to this feature the dif
ferent slopes remain almost constant.
Based on these data and the above men
tioned degree of correlation it can be de
duced that the HPLC screening method
working with a cyanopropylic stationary
phase simulates the adsoiption processes
occurring during the classical batch ex
periments with real soil substrate well.
This holds especially true for EUROSOIL
3 and 5.

Table 9  EUROSOILspecific log(K,„)/Iog(k') correlations
Correli lion with Iog(K (( , )

Correlation with log(K r/IJ )

log(K, ) = a + b ■ Iog(k')

loglK,, ) = c + d · log(k')

α ±Δα.
EUROSOIL 1

EUROSOIL 2

EUROSOIL 3

EUROSOIL 4

EUROSOIL 5

a: iirst «leneration

b±Ab

R

c ¡.Ac

d ± Ail

R
0.908

 a

2.9S2 ± 0.056

1.937 ± I). 138

0.908

1.095 ± 0.057

1.938 ± 0.138

b

2.593 ± 0.052

1.688 ±0.129

0.904

1.107 ±0.052

1.683 ± 0.129

0.9(14

a

2.263 ± 0.064

2.086 ±0.160

0.897

0.X30 ± 0.064

2.087 ±0.160

0.897

b

2.388 ± 0.046

1.913 ±0.130

0.922

0.780 ± 0.050

1.997 ±0.140

0.918

 a

2.276 ± 0.046

1.844 ±0.1 15

0.928

0.814 ±0.046

1.844 ±0.115

0.928

b

2.249 ± 0.048

1.920 ±0.130

0.919

0.834 ± 0.050

1.815 ±0.136

0.908

 a

2.202 ± 0.053

1.703 ±0.137

0.891

0.392 ± 0.053

1.704 ±0.137

0.891

b

2.091 ±0.049

1.951 ±0.135

0.918

0.224 ± 0.050

1.955 ±0.136

0.918

 a

2.723 ± 0.043

2.019 ±0.121

0.940

1.691 ±0.043

2.020 ±0.121

0.940

b

2.592 ± 0.035

1.932 ±0.101

0.957

1.325 ± 0.033

1.990 ± 0.093

0.965

b: second generation
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The degree of correlation obtained for the
relationships in the case of EUROSOIL 1.
2 and 4 indicated that the chosen station
ary phase did succeed in simulating the
secondary effects of other important soil
parameters like pH and high clay content
combined with a low presence of organic
matter.
Variation of the mobile phase pH may be
a possible solution to improve these corre
lations. The influence of other soil con
stituents might be simulated by the use of
other supports than SiOi for stationary
phases thus resulting in a further im
provement. It is well known that in soil
silicate crystals are almost irrelevant for
the retention of organic chemical. There
fore, other support materials similar to
real soil constituents like clay minerals or
ALO3 were studied as potential stationary
phases in the HPLC screening of Koc
(Szabo et al, 1992; Kordel et al. 1995),
but their use would limit the method's
universality at the actual state-of-the-art.
As already mentioned the role of organic
carbon is of less importance for the ad
sorption potential of EUROSOIL 1. which
leads to another point of controversy, i.e.
the applicability of the Κ,,,.-concept. It was
shown previously that each reference soil
features special characteristics which in
fluence its general sorption behaviour.
The idea of the Koc concept was to mini
mise the observed differences when de
termining the soil adsorption coefficient
on different soils and thus, to render the
derived KOL-values to a somehow sub
stance-specific constant. The basic idea
behind this approach was the thought that
the soil adsoiption processes for organic
chemicals might be ruled by their domi
nating interaction with the organic matter.
However, the use of the different refer
ence soils in this study highlights the im

portance of other soil properties. Further
more, the normalisation of Kr/n by the soil
organic carbon content in some cases even
leads to falsification of the obtained re
sults. For instance, atrazine or simazine,
whose sorption behaviour is known to be
very sensitive to variations of sorption
governing soil properties, gave a Kf value
indicating a stronger retention on EU
ROSOIL 5 whereas the values for Koc in
dicated that adsoiption on EUROSOIL 1
was five times stronger. This underlines
that the application of Koc may cause false
interpretation when comparing adsoiption
of different origin. The use of nonnormalised Kr/D-values referring to refer
ence soils is therefore preferable.
Conclusions
The above-discussed work showed that
many different approaches for adsoiption
coefficient screening exist. Furthermore,
the recently proposed and validated HPLC
screening method of soil adsoiption coef
ficients could be successfully combined
with data derived from batch experiments
studies on both versions of the European
reference soil set. the EUROSOILS. It
was possible to demonstrate that the soil
adsoiption coefficients of numerous envi
ronmentally relevant organic chemicals
measured on the five most frequent Euro
pean soil types could be correlated line
arly with their behaviour in a simple liq
uid chromatographic system. Thus, esti
mates for the KOL. and Kr/o for the most
frequent European soil types could be ob
tained by a simple determination of the
HPLC retention behaviour of the chemi
cals. Moreover, adsorption coefficients
derived from both versions of a soil were
not significantly different and thus, com
parable. In case of EUROSOIL 5 refer-
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enee must be made to the organic carbon
content.
In this way it becomes possible to fill at
least in parts the gaps in missing adsorp
tion data necessary for a classification of
chemicals prior to an overall evaluation of
potential risks to man and nature. This
makes the above described method an
ideal candidate for a use as suitable
screening technique as demanded in the
seventh amendment to Council Directive
67/548/EEC.

In addition, the application of the Euro
pean reference soil set allows us to estab
lish comparability and traceability of the
derived adsoiption data. This is a crucial
step towards the introduction of a system
of quality control and assurance in the
field of environmental studies, similar to
the efforts made in the field of analytical
chemistry.
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Annex
The following tables summarise the experimental obtained using the second generation
of the EUROROSOIL. The respective correlations are listed in Table 9
Table 10 - Data obtained for EUROSOIL 1-b.
Substance
Atrazine

Substance class
s-Triazine

Log(k')

Simazine

s-Triazine

-0.124
-0.275

Propazin

s-Triazine

-0.063

0.698

2,4-D

Phenoxyalkanoic acid

0.170
-0.155

Log(K) Log(Koc)
0.671
2.154
1.144

2.625
2.1S1
1.652

2-ChIorobenzamide

Benzamide

-0.903
-0.640

3-Nitrobenzamide

Benzamide

-0.409

2-Nitrobenzamide

Benzamide

-0.648

0.581
-0.420

N-Methylbenzamide

Benzamide

-0.564

-0.081

N,N-Dimcthylbenzaniide
Monolinuron

Benzamide

-0.475
0.016

-0.071

1.412

0.567

2.050

Isoproturon

Phenylurea

Monuron

Phenylurea

-0.045
-0.099

0.672
0.658

2.155
2.141

Phenylurea

1.328
2.064
1.064
1.401

1.¡11111(111

Phenylurea

0.227

1.401

2.884

Triadimefon

Triazole

1.343

2.826

Triadimenol

Triazole

0.228
0.079

1.095

2.578

Triapenthenol
Fcnamiphos

Triazole

1.038
1.284

2.521

Organophosphate

0.144
0.165

Azinphos-methyl

Organophosphate

0.290

Fensulfothion
Methiocarb

Organophosphate

0.028

1.816
1.571

Carbamate
Phenol

0.062

Phenol
2-NitrophcnoI

Phenol

-0.431
-0.177

Terbutryn
Prometryn

s-Triazine

0.152

2.071

3.554

s-Triazine

1.061

2.544

Fcnoxaprop-ethyl

Phenoxy alkanoic acid

0.092
0.601

1.827

3.309

Fenoxaprop-P-ethyl
Diclofop-methyl

Phenoxy alkanoic acid

0.602
0.618

Benzamid

Phenoxy alkanoic acid
Benzamide

2.305
2.519

-0.693

0.264

4.002
1.747

4-Nitrobcnzamid

Benzamide

-0.399

0.614

2.097

Isofenphos
Disulfoton

Organophosphate

0.445
0.486

1.962

0.528

2.233
2.208

3.445
3.417
3.716

Fenthion

Organophosphate
Organophosphate

Endosulfansulfat

Cyciodicne
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0.730

2.767
3.299
3.053

1.258
-0.174

2.741

0.560

2.043

1.934

1.310

3.788

3.690
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Table 10 (continued) - Data obtained for EUROSOIL I-b.
Substance

Substance class

Vnthrat binon
4-Chloroanilin

Anthrachinone
Aniline

N-Methylanilin

Aniline

Anilin
4-Methylanilin

Aniline
Aniline

4-Chlorophenol
2,4-Dichlorphenol

Logik'ί ι 'Mg(K) 'j)g(Koc)
0.258 1.680
3.163
-0.162 1.319
2.801
-0.223
-0.450

0.744
0.901

2.226
2.384

Phenole

-0.343
-0.22S

0.655
0.660

2.142

Phenole

0.006

1.126

2.609

2.138

Table 11 - Data obtained for EUROSOIL 2-b.
Substance
Atrazine

Substance class
s-Triazine

Log(k') Log(K) Log(Koc)
-0.124 0.346
1.968

Simazine

s-Triazine

-0.275

0.279

1.901

Propazin

-0.063

0.526
-0.337

2.148

2-Chlorobenzamide

s-Triazine
Benzamide

3-Nitrobenzamide
2-Nitrobenzamide

Benzamide
Benzamide

-0.409

0.585
-0.824

2.207

N-Methylbenzamide

Benzamide

N.N-Dimethylbenzamide
Monolinuron

Benzamide
Phenylurea

Isoproturon

-0.640

1.283

-0.648
-0.564
-0.475

-0.244

0.799
1.377

-0.585

1.037

0.016

0.100

1.721

Phenylurea

-0.045

0.297

1.918

Monuron

Phenylurea

-0.099

0.396

2.018

Linuron
Triadimefon

Phenylurea

0.227

0.957

2.578

Triazole

0.228

0.938

2.560

Triadimenol

Triazole

0.079

0.817

2.439

Triapenthenol
Triazoxid

Triazole

0.144

0.687

Imidazole

0.128

1.446

2.309
3.068

Fenamiphos
Azinphos-methyl

Organophosphate

0.165
0.290

0.838

2.460

Organophosphate

1.273

2.894

Fcnsulfothion

Organophosphate

0.028

0.821

2.443

Pyrazophos

Organophosphate

0.498

2.058

3.680

Methiocarb

Carbamate

0.062

1.019

2.641

Phenol

Phenole

-0.431

0.127

1.750

2-Nitrophenol

Phenole

-0.177

0.137

1.758

Terbutryn
Prometryn

s-Triazine

0.152

1.256

2.878

s-Triazine

0.092

Fenoxaprop-ethyl

Phenoxyalkansauren

0.601

1.013
2.132

2.635
3.754
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Table 11 (continued) - Data obtained for EUROSOIL 2-b.
Substance
Diclofop-methyl

Substance class

4-Nitrobenzamid

Benzamide

-0.399

-0.012

1.610

Fuberidazol

Imidazole

-0.057

1.019

2.640

Isofenphos

Organopho! phale

1.486

Disulfoton

Organophos phate

0.445
0.486

1.711

3.108
3.333

Fenthion

Organophos phale

0.528

2.045

3.658

Carbendazim

Carbamate

-0.272

2.318

Endosulfansulfat

Cyclodicne

0.730

0.697
1.889

4-Chloroanilin

Aniline

-0.162

0.798

2.420

N-Methylanilin

Aniline

-0.001

1.620

Anilin

Aniline

-0.223
-0.450

4-MethyIanilin

Aniline

-0.343

-0.119
0.511

1.503
2.133

4-Chlorophenol

Phenole

-0.228

0.344

1.966

2,4-Dichlorphenol

Phenole

0.006

1.033

2.654

Phenoxyalk ansäuren

Log(k') Log(K) (j)g(Koc)
0.618 2.110
3.731

3.510

Table 12 - Data obtained for EUROSOIL 3-b.
Substance

Log(k') i .og( K) log(Koc)
-0.124 0.290
1.76')

Atrazine

Substance class
s-Triazine

Simazine

s-Triazine

-0.275

0.210

1.689

Propazin

s-Triazine

2.100

2-Chlorobenzamidc

Benzamide

-0.063 0.621
-0.640 -0.569

3-Nitrobenzamide

Benzamide

-0.409

2-Nitrobcnzamide

Benzamide

N-Methylbenzamide

Benzamide

0.919
1.502

0.025
-0.648 -0.886
-0.564 -0.523

0.602

-0.475
0.016

-0.770

0.708

0.215

1.695

0.312

1.790

0.334

1.793

0.972

2.450

0.954

N,N-Dimethylbenzamide

Benzamide

Monolinuron

Phenylurea

Isoproturon

Phenylurea

Monuron

Phenylurea

-0.045
-0.099

l.illllldll

Phenylurea

0.227

Triadimefon

Triazole

0.228

1.033

2.512

Triadimcnol

Triazole

0.079

0.877

2.356

Triapenthenol
Triazoxid

Triazole

0.144

0.852

Imidazole

0.128

1.575

2.332
3.054

Fcnamiphos
Azinphos-methyl

Organophosphate

0.165
0.290

0.848
1.276

0.028

0.671

Fensulfothion

Organophosphate
Organophosphate
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Table 12 (continued) - Data obtained for EUROSOIL 3-b.
Substance

Substance class
Organophos phate

Pyrazophos
Methioearb

Carbamate

Log(k') Log(K) Log(Koc)
0.498 1.752
3.230
0.062

0.898

2.377

Phenol

Phenole

-0.431

-0.201

1.281

2-Nitrophcnol

Phenole

-0.177

0.375

1.854

Terbutryn

s-Triazine
s-Triazine
Phenoxyalk ansäuren

1.300
1.004

2.778

Prometryn

0.152
0.092
0.602

1.945

2.483
3.424

0.618

1.974
-0.122

3.453
1.358

Fenoxaprop-P-ethyl
Diclofop-mcthyi

Phenoxyalk ansäuren

Benzamid
4-Nitrobenzamid

Benzamide

-0.693

Benzamide

Fuberidazol

Imidazole

-0.399
-0.057

0.366

1.845
2.208

Isofenphos

Organophos phate

0.445

0.729
1.313

Disulfoton

Organophos phate

0.486

1.672

2.792
3.151

Fenthion

Organophos phate

Carbendazim

Carbamate

Endosulfansulfat

Cyclodiene
Anthrachinone

0.528

1.971

3.450

-0.272

0.867

2.346

0.730

2.061

3.539

1.967

3.446

Aniline

0.258
-0.162

0.848

2.326

N-Methylanilin

Aniline

-0.223

0.348

1.827
1.279
2.212

Anthrachinon
4-Chloroanilin
Anilin

Aniline

-0.450

0.419

4-Methylanilin

Aniline

-0.343

0.733

4-Chlorophcnol
2,4-Dichlorphenol

Phenole
Phenole

-0.228
0.006

0.487

1.966

0.981

2.460

Table 13 - Data obtained for EUROSOIL 4-b.
Substance

Substance class

Atrazine
Simazine

s-Triazinc
s-Triazine

Log(k') Log(K) Log(Koc)
-0.124 -0.260
1.610
-0.275

-0.208
0.111

1.656
1.977
0.176

Propazin

s-Triazine

2-Chlorobenzamide

Benzamide

-0.063
-0.640

-1.699

3-Nitrobenzamide

Benzamide

-0.409

-0.538

1.334

2-Nitrobenzamide
N-Methylbenzamide

Benzamide

-1.523
-1.097

0.322
0.792

Benzamide

-0.648
-0.564

N,N-Dimethylbenzamide

Benzamide

-0.475

-1.222

0.672

Mnnolinuron
Isoproturon

Phenylurea

0.016

-0.041

Phenylurea

-0.045

-0.149

1.825
1.719
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Table 13 - Data obtained for EUROSOIL 4-b.
Substance
Monuron

Substance class
Phenylurea

Logik') Log(K) Log(Koc)
-0.099 -0.102
1.764
0.227 0.470
2.336

Linuron

Phenylurea

Triadimefon

Triazole

Triadimenol

Triazole

0.228
0.079

Triapenthenol

Triazole

0.144

Fenamiphos

Organophosphate

Azinphos-methyl
Fensulfothion
Pyrazophos

0.515

2.381

0.346
0.494

2.194

0.439

Organophosphate

0.165
0.290

0.932

2.305
2.799

Organophosphate

0.028

0.371

2.2.37

Organophosphate

0.498

1.501

3.367

Methiocarb

Carbamate

0.062

0.627

Phenol

Phenole

-0.431

-0.268

2.493
1.601

2-Nitrophenol
Terbutryn

Phenole

-0.177

-0.161

1.708

s-Triazine

0.152

0.636

2.502

Prometryn

s-Triazine

0.092

-0.050

1.816

Fenoxaprop-ethyl

Phenoxyalkaiisäuren

0.601

1.339

3.206

Fcnoxaprop-P-ethyl

Pheiioxyalkansäiiren

0.602

1.363

3.229

Diclofop-methyl

Phenoxyalkaiisäuren

3.257

4-Nitrobenzamid
Fubcridazol

Benzamide
Imidazole

Isofenphos

Organophosphate

Disulfoton
Fenthion

Organophosphate
Organophosphate

Carbendazim

Carbamate

Endosulfansulfat

Cyclodiene

Anthrachinon
4-Chloroanilin

Anthrachinone

2.361

0.618

1.390

-0.399

-0.343

1.523

-0.057

0.689

2.555

0.445
0.486

0.727

2.594

0.915

2.782

0.528
-0.272

1.359
0.224

3.226
2.091

0.730
0.258

1.585
0.777

3.452

Aniline

-0.162

0.279

2.643
2.145

N-Methylanilin

Aniline

1.299

Aniline

-0.223
-0.450

-0.568

Anilin

-0.430

1.437

4-Methylanilin

Aniline

-0.343

0.175

4-Chlorophcnol

Phenole

-0.228

0.423

2.041
2.289

2,4-Dichlorphenol

Phenole

0.006

0.479

2.346
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Table 14  Data obtained for EUROSOIL 5b.
Substance

Substance class

Atrazine

sTriazine

Simazine

sTriazine

Propazin

sTriazine

Logik') Log(K) Log(Koc)
0.124
0.275

1.133

2.486

1.029

2.382

0.063
0.640

1.225

2.579

2-Chlorobcnzamide

Benzamide

3-Nitrobenzamide
2-Nitrobenzamide

Benzamide
Benzamide

N-Methylbenzamide
Ν,Ν-Diniethylbenzaniide
Monolinuron

Benzamide
Benzamide
Phenylurea

0.475

0.104

1.459

0.016

1.053

2.407

Isoproturon

Phenylurea

0.045

Phenylurea

Linuron

Phenylurea

0.099
0.227

1.013
0.890

2.367

Monuron

0.409
0.648
0.564

Triadimefon

Triazole

0.228

Triadimenol

Triazole

Triapenthenol

Triazole

0.079
0.144

Fenamiphos
Azinphos-methyl

Organophos phate
Organophos phate

Fensulfothion

0.131

1.223

0.408
0.367

1.763
0.987

0.436

1.790

1.829
1.692

2.243
3.183
3.046

1.363

2.716
2.839

0.165

1.485
1.690

0.290

1.877

3.231

Organophos phale

0.028

1.494

Pyrazophos

Organophos phale

2.377

2.848
3.731

Methiocarb

Carbamate

0.498
0.062

1.471

2.824

3.043

Phenol

Phenole

1.544

Phenole

0.431
0.177

0.190

2-Nitrophenol

0.929

Terbutryn

sTriazine

0.152

Prometryn

0.092
sTriazine
Phenoxyalk uisämen 0.618
Benzamide
0.693

1.701
1.579

2.283
3.054

0.256

3.715
1.236

Benzamide
Organophos phale

0.399
0.486

0.891
2.147

3.127

Fenthion

Organophos phate

3.292

Carbamate

0.528
0.272

2.312

Carbendazim

0.844

2.198

Anthrachinon

Anthrachinone

1.916

4-Chloroanilin

Aniline

N-Methylanilin

Aniline
Aniline

0.223

1.066
0.771

3.269
2.420
1.751

0.450

0.782

2.136

Phenole

0.228

0.972

1.952

Phenole

0.006

1.559

2.540

Diclofop-methyl
Benzamid
4-Nitrobenzamid
Disulfoton

Anilin
4-Chlorophenol
2,4-Dichlorphenol
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0.258
0.162

2.735

2.933

1.872
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Chapter XI
Perspectives for the introduction of QA/QC in soil-related
studies and measurements
B. M. Gawlik and H. Muntau

Environment Institute, Joint Research Centre Ispra, Via E. Fermi, 21020 Ispra, Italy

Introduction

The term quality is one of the most frequently used expressions when talking
about of products, services or measurements, even if we have to reflect a while
before giving a definition or at least a description of what this term means. A sufficiently good explanation is given by the
German DIN 55350 which defines "quality as the ensemble of properties and characteristics of a product or a service to
comply with established requirements".
Even if this expression is far from being
complete and exhaustive, it is sufficient
for our daily work as scientists.
In order to obtain information about the
quality of the environment the analytical
chemist is asked to provide data about the
presence and the quantities of pollutants
which might endanger the environmental
compartments and thus affect human
health. Again, this data must be of known
quality to be of any help for regulatory
purposes as stated in the working program
of the European Environmental Agency in
1994. However, we very often forget that
the measurement of a pollutant's concentration in a sample is the last link in a long
chain, which has elucidated the mode of
action, possible pathways and potential
dangers that may arise from the wanted or

accidental distribution of an environmental chemical in nature. Of course,
most of the scientific work involved is
based on the results of physical measurements and chemical analysis, but environmental studies in the field or at laboratory scale are also necessary. During the
past two decades chemical testing has become more and more important and helpful in anticipating environmental disasters
like in the case of DDT-use. Nowadays it
is mandatory for all chemicals that arrive
on the market.
Parallel to this development enormous
progress has been made in improving the
quality of chemical analysis also on the
environmental sector. The use of certified
reference materials, the participation in interlaboratory exercises, the implementation of accreditation schemes and the
principles of good laboratory practise are
generally accepted in the scientific community as useful tools to achieve a measurement quality being sufficient for a certain purpose.
Despite these efforts in many environmentally related fields of research the culture
of quality and the sense for controlling
and assessing data quality is poorly developed. In the following contribution the
authors would like to propose the EU-
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ROSOILconcept as a possible way to in
troduce a system of quality control and as
sessment in soil related studies and meas
urements.
The use of EUROS OILS as Laboratory
Reference Materials in environmental
measurements
Theoretical basis
The quality of an analytical measurement
is characterised by two basic parameters,
i.e. its accuracy and its precision. While
accuracy describes the agreement between
the true value (or conventional true value)
and the measured value, the precision is
expression of the statistical uncertainty of
this value often expressed in terms of
standard deviation or confidence interval.
High accuracy can only be achieved if
systematic errors are excluded, whereas
precision requires the control of all ran
dom types of possible errors. Most of the
analytical methods used in environmental
analysis are socalled indirect methods,
which means that they require a calibra
tion procedure before an unknown sample
can be analysed.
In this context the terms of "traceability"
and "statistical control" play a fundamen
tal role for the entire process of analysis
and the quality of the gained information.
The result of an analytical measurement
can only be comparable and accurate if it
is traceable (Quevauviller et al. 1995a).
This traceability is achieved by the crea
tion of an unbroken chain of calibration
processes starting with analytical meas
urement itself back to the fundamental
units as defined by the SI (Fig. 1). Ac
cording to Quevauviller et al. (1995a) the
dilemma of most analytical determinations
consists in the fact that the matrix contain
ing the analyte needs to destroyed by min
eralisation, extraction or combustion.

Thus, it must be proved that no loss or
contamination occurred during the ana
lytical process, and that the determined
quantity of an analyte is the amount origi
nally present in a weighted (!) subsample.
Tcaceabilltv
Certified Weight:
Molecular Weight

Calibrated B alance

Pure Substance

Calibration

Figure 1  Traceability as unbroken chain til'
calibration (Modified illustration after Valcar
cel and coworkers).
On a routine basis this can only be done
by analysing a sample with an well
established content of the analyte of inter
est, in other words with a certified refer
ence material. Owing to their limited
availability and the extreme cost of pro
duction CRMs should only be used for the
assessment of accuracy (cited by Quevau
viller et al, 1995a). i.e.:
□
ϋ

α

α
ü
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the verification of accuracy of re
sults obtained in laboratory.
the monitoring of the long-term
performance of a method in combi
nation with non-certified control
samples, e.g. laboratory reference
materials.
the calibration of equipment requir
ing a calibrant similar to the matrix
(X-ray fluorescence spectrometry).
the demonstration of equivalence
between methods and
the detection of errors in standardised methods.

QA/QC in soil related studies

Once ensured that an analytical measure
gives accurate results statistical control
charts should be used to keep the method
under control and to detect in time sys
tematic errors. B esides, these charts are
useful tools to monitor and evaluate a
method's precision over time and over dif
ferent technicians (Funk et al. 1992).
Again, stable, homogeneous and for the
analytical task representative samples in
sufficient quantity are needed in most
cases, even, if some control charts may
monitor the quality of blank or artificial
solutions (Funk et al, 1992).
•In this context it becomes evident that cer
tified reference materials would be too
expensive to be used on a daily basis. Fur
thermore, it is impossible to provide all
laboratories with CRMs which are repre
sentative for their most frequent analytical
tasks. However, there is a growing need to
purchase suitable reference materials, not
necessarily certified, but of good quality,
i.e. stable, homogeneous, representative
and sufficiently available, in order to im
plement and maintain statistical control
schemes on a daily basis. This lead to the
idea to provide the market with socalled
laboratory reference materials (LRMs) to
be used for this purpose. A LRM may be
defined as reference materials which had
been produced according to the severe re
quirements for CRM candidate produc
tion, but which is not certified. Its matrix
is well characterised and the material is
described by a value indicating the range
of the analyte of interest. This indicative
value has been established by a laboratory
of high reputation or by the outcome of
an interlaboratory exercise. B y no means.
a LRM may substitute the regular applica
tion of certified reference materials, but it
is thought as an additional tool to monitor
and control measurement quality.

Based on this nature it becomes possible
to provide the market with a large variety
and quantity of high quality control sam
ples whose composition can be adopted to
that of the unknown sample with regard to
matrix composition, concentration range
as well as possibly interfering major and
minor constituents. In the following it
shall be illustrated how the EUROSOILS
may be used for these purposes in differ
ent fields of soil related analysis and
chemical testing.
Inorganic trace analysis

Commonly, soil may be defined as the
alive top erosion layer of the earth surface,
where plants can grow (B rockhaus. 1967).
Together with two other compartments
water and air the soils forms the environ
ment where we are living. Thus, soil is
one of the most precious goods of man
kind. In contrast to other natural bodies
like plants, animals or the human body
soil has no sharp form and does not form
individuals. B eing boundary phenomena
of the earth surface lithosphère, hydro
sphere, atmosphere and biosphere are in
termingled and interact in soils. According
Bounazountas (1983) the soil compart
ment may be divided into three sub
compartments:
α
α
α

the land surface.
the unsaturated zone and
the saturated zone.

Based on the nature of soil numerous
pathways for the transport and transforma
tion exist for a given chemical (Figure 2).
The mineral soil constituents themselves
are possible sources and sinks for numer
ous elements (Schachschabel et ed., 1992).
Therefore, the understanding of the origin
of these elements is mandatory for the
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evaluation of the extend of pollution and
the remaining buffering capacity of a soil.
An information on the xenobiotic charac
ter of a pollutant, e.g. Cd, can only be ob
tained, if data are available on what have
been in the undisturbed system.

the quality control of heavy metal deter
mination in the soil matrix (e.g. Quevau
viller. 1996; Vercoutere et al, 1995: Gri
epink et al, 1989), do not consider the
following circumstances:
□

Figure 2  Possible pathways for the migra
tion, transformation and metabolisation of a
chemical substance in soil.

In soil science heavy metal deter
minations arc performed using the
airdried soil fraction with a parti
cle size smaller than 2 mm, also de
fined as "fine soil" (Schachtschabel
et al. 1992). The samples used for
all analytical determinations, espe
cially for the assessment of mobil
ity and bioavailability test, cannot
be milled, because this would cre
ate artificially new crystal surfaces
thus modifying the original proper
ties of material. Classical CRMs for
soil analysis feature particle sizes
smaller than 90 μηι.

û

It is generally accepted that the analytical
task becomes more difficult and hence the
variability of results increases when lower
concentrations have to be measured
(Horwitz, 1982). B esides, the measure
ment of total heavy metal contents allows
only a very restricted evaluation of the
"environmental" health of a soil, as there
may be considerable differences between
the total amount of a trace element and the
ecologically active fraction (Quevauviller
et al, 1995b: Quevauviller. 1996). It is
therefore preferable to determine both, the
total content and the active, bioavailable
fraction of a given pollutant using for in
stance sequential extraction schemes or
similar. Unfortunately, certified reference
materials, which have been designed for

The daily working range of con
centration is significantly lower,
than the concentration of most soil
CRMs. The raw materials for CRM
production are very often selected
because of their high degree of pol
lution with the element of interest.
In contrast to that, many regional
authorities  mostly working with
local farmers  analyses more often
uncontaminated samples, whose
pollutant level is below the allow
able legal thresholds, than heavily
polluted ones.

It can therefore not be denied that there is
a need for suitable reference materials as
the EUROSOILS to monitor and assess on
a daily basis the quality of analysis in
these laboratories.
The data displayed in this report may be
useful to establish the EUROSOILS as
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laboratory reference materials to be used
once the accuracy of the above mentioned
measurements has been established by
CRMs.
Organic trace analysis

At present some 100000 chemical substances are produced world-wide and
every year approximately 1000 new substances arc added to this list (Korte et cil,
1992), most of them being organic compounds. A considerable part of these
chemicals are distributed into the natural
environment. Compounds like chlorinated
hydrocarbons, polycyclic aromatics or
phthalates can be found in most soils and
sediments in concentrations ranging from
a few ng/kg up to several mg/kg and consequently, the accurate and precise analysis of these pollutants is of paramount importance in the framework of environmental protection.
However, first results of a feasibility study
concerning the production of a CRM for
organic trace analysis (PCBs in sewage
sludge and related samples) were presented in 1985 (Leschber et al, 1985) and
it took another 6 years before first European CRM for environmental PCBanalysis was offered to the market (Griepink et al, 1991). This outlines the gap
that still exists, if one refers to the
achievements made in the field of inorganic analysis. The first European CRM
for trace metal analysis in an environmental matrix was presented in 1982 (CoYmetetal. 1982: Griepink et al. 1983) !
Despite the progress made there is still a
growing demand for reference materials
for organic trace analysis. This has several
reasons. First, the number of environmentally relevant compounds that can be
found in nature increases steadily, which
is in part due to the increased number sub-

stances being dispersed. The introduction
of new analytical techniques, e.g. capillary
electrophoreses, and the refinement of existing devices, e.g. quadrupole mass spectrometer, allows nowadays to find, identify and quantify those trace organic
chemicals in environmental samples
which had never been studied in the past
and whose environmental relevance has
been fully understood only in recent days,
e.g. nonyl phenol and the respective ethoxylates (Rice et al. 1998; Corti et al.
1995: Bragadin et al, 1999). By the way,
this development was already anticipated
- at least partly - by the introduction of
specimen banking (Stoeppler & Zeisler,
198.3; Emons et "al, 1997: Gunter et al,
1997; Srimachari & Chandra, 1997).
Again, if compared to the reality of an
analytical laboratory only a few certified
reference materials with a suitable matrix
are available. Moreover, they are very expensive and usually highly contaminated.
In most cases the content of one bottle of
CRM is sufficient for only 10 to 20 repetitions, which is still a heritage of the inorganic origin of the CRM concept.
In addition to that, organic trace analysis
requires a sophisticated sample preparation and purification scheme including
much more working steps than in the
cases of inorganic determinations. Of
course, each of these steps may be a possible source of error and the need for suitable, well-characterised materials which
can be used to supervise the accuracy and
precision of the each step is obvious.
While the introduction of isotope dilution
mass spectrometry helped to decrease significantly the variability of analytical results, there is still a need for suitable control samples to assess and compare the efficiency of the extraction step. The assessment of the so-called bound or non-
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extractable residues is another topic of in
terest. Laboratory reference materials like
the EUROSOILS might be an elegant so
lution to tackle those problems and have
already be used for this purpose.
As discussed above they may also be use
ful for an application as control sample
together with an appropriate CRM in qual
ity schemes based on statistical control
charts.
Sum parameters and pedological
determinations
The understanding and the classification
of soils have always been in the focus of
all agricultural sciences. Parameters like
soil texture, plasticity, moisture and ther
mal regime, soil pH. grain size distribu
tion, organic matter content, cation ex
change capacity and nutrient content, etc..
were and are most useful to assess the fer
tility of soils and to take decisions on ac
tions to improve them.
The study of soils and Liebig's discovery
of the possibility to improve their fertility
by artificial means were at the beginning
of modern industrial chemistry. Still to
day, many of the activities of the Euro
pean Commission are dealing with the
sector of agriculture in the Union's mem
ber states and beyond.
Numerous national and international or
ganisations are dealing with soil classifi
cation and the assessment of soil fertility,
e.g. United Nation's F.A.O, the French
CNRS or the German VDLUFA. All these
institutions have passed numerous test
guidelines and prescriptions on technical
aspects of soil parameter measurement.
However, no suitable reference material
exist which may allow that a laboratory
engaged in this type of study could evalu
ate its quality of analysis. Owing to their
representativity for the soil situation of

Europe with regard to frequency, associa
tion patterns, geomorphological character
istic, climatic conditions and land use. the
EUROSOILS are therefore proposed as
suitable candidate materials for this pur
pose.
EUROSOILS as test substrates
for abiotic soil studies
The possible ecological consequences for
the soil environment which may be caused
by a chemical substance depends on one
hand on the emitted quantities of the sub
stance and its physicochemical and bio
logical properties, on the other, on the soil
properties themselves. According to EU
legislation the properties to be tested for a
new chemical substance are the following:
□

physicochemical properties like
vapour pressure, water solubility, n
octanolwater partition coefficients
(Kow) and soil adsorption and de
sorplion behaviour;
D the possible effects on biotic sys
tems, i.e. influence on micro
organisms, earth worm, animals,
and so on;
□ the tendency to be degraded, me
tabolised and bioaccumulated;
□ the possible consequences for hu
man and animal health.

Figure 2 gives an overview on the interac
tion between a chemical and soil. Sub
stancespecific toxicity, persistence, va
pour pressure, solubility and adsorbability
are some of the most important substance
properties governing the possible path
ways.
The application of the European reference
soils for this puipose was at the very be
ginning of the EUROSOILproject and
nowadays, these unique laboratory refer
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enee materials are generally accepted for
sorption tests within the OECD test guide
line on adsorption/desorption (Anony
mous, 1995). In recent times EU
ROSOILS have also been used to evalu
ated facilitated transport of pesticides
(Dolling & Scheltens, 1999), to predict
herbicide soil mobility (Gawlik et al,
1999) or to develop alternative methods
for adsorption coefficient screening and
prediction (Gawlik et al, 1998; Donati et
al, 1994).
Toxicity testing and microbiological
testing using the EUROSOIL approach
Römbke and coworkers reviewed the ac
tual state of the art in terrestrial ecotoxi
cology (Römbke et al. 1996: Kula &
Römbke. 1998). Several standardised test
methods, in particular for pesticides, have
been published by OECD. B B A, or EPA.
The test substrates used in the approxi
mately 60 terrestrial test methods de
scribed in literature  50 % have been
written in a standardised guideline format
 can be classified in five groups (Röm
bke, 1997):
substrates without resemblance to
soil like glass plates, e.g. the
Trichogamma beneficial arthropod
test (Hassan. 1992);
u Substrates which simulate "worst
case exposure conditions like
quartz sand, for instance the carabid
beetle test (B B A, 1991);
□ unspecified field soils, e.g. micro
organism test (B B A, 1990);
α articicial soils; e.g. a mixture of
sand, peat, kaolinite and water as
described in OECD earthworm
acute test (OECD, 1984a);
□ standard field soils like LUFA
Speyer soils, e.g. the sublethal tox

icity test with the springtail Folso
mia Ftmetaria (Lökke & Van
Gestel. 1996).
Due to its simplicity and good reproduci
bility the OECD artificial soil is still the
mostly used substrate in both types of soil
ecotoxicological studies, those with single
chemicals as well as in those for soil
quality assessment.
Obviously, this situation is more than un
acceptable and currently the question to
adopt the EUROSOIL approach to this
problem is evaluated.
The use of EUROSOILS as a control or
test substrate would require large amounts
of soil. Even their limited use in fate stud
ies has caused such a demand, that the
original five sampling sites will not pro
vide enough material. Therefore, it is cur
rently studied to apply the EUROSOIL
concept as such for the selection of soils
which fully complies with the selection
criteria established for the original set and
which feature similar properties as the
members of the EUROSOILfamily, espe
cially with regard to pedological parame
ters.

α

Conclusions
Although the EUROSOILProject was ex
clusively designed to prepare a common
concept for soil sorption testing within the
European Union, the approach chosen
seems to offer a broad range of applica
tion in the field of soil related studies. One
of the major problems of the European
Union is the poor comparability of soil
classification, pedological analysis and
soil related tests in the various member
countries. Each country has its own way
of mapping, classifying and analysing
soils, and the present state of soil docu
mentation is far from being equal. On the
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other hand there is an urgent need of harmonisation in order to effectively promote
the protection of the limited and nonrenewable resource soil. This is the more
important since soils are highly complex
three-phase entities which vary in space
and time and which form the essential basis of life.
Without any doubt a co-ordinated EUwide soil protection requires a common
data base and a complex network to bring
the countless results of soil related studies
together. One of the first steps to fulfil this
task is the definition of reference materials
being comprehensively analysed and
available in sufficient quantities. For example, to link the soil data bases of different EU Member Countries the data have
to be standardised first, because the different analytical methods used sometimes
lead to remarkable differences in the results. This data conversion could easily be
performed if reference materials like the
EUROSOILS are first analysed by the
laboratories of the respective member
states using their standard methods and
subsequently defining a common basis.
Of course, since soil selection was influenced by certain sorption related criteria

and specific European conditions, the soils
proposed here might not totally meet the
requirements for a "global" reference material in any case. Regarding the determination procedures and the properties of the
material sampled, however, a quite satisfactory situation appears to be given to
use the EUROSOILS not only as sorption
reference. Consequently, there is a rapidly
rising interest in the EUROSOILS from
different directions which is understandable on the background of scarce availability of appropriate soil reference materials.
Since all the efforts undertaken in connection with both EUROSOIL generations
and documented in this report, improved
knowledge on sampling, preparing and
distributing reference soil material, the
authors take the liberty to suggest, that together with potential noti fiers the underlying concept should be implemented in order to establish a scientifically wellfounded and technically feasible European
reference soil system for a more efficient
protection of the soil environment.
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During the past decades measurement quality has been a term of growing importance.
The European Commission's Joint Research Centre has a long tradition and a generally
accepted competence in this field of applied sciences. The idea of quality control and
assurance in the field of measurement and testing was always pursued by the JRC in
order to achieve a better comparability of data in the EU.
This report treats several aspects of quality assurance in soil-related studies and analysis.
In the first three chapters the historical evolution of the EUROSOIL-Project is summarised
and the statistical concept for the selection of the original five locations of the EUROSOILS
is discussed. The following chapter describes the sampling fieldwork and gives a
description of these locations. Owing to the last extension of the EU-realm, the Alpine
and Scandinavia regions, both featuring climatic and geo-morphological particularities,
required also an extension of the originally ensemble of sampling stations. The Alpine
candidate station has been confirmed following to the preliminary test work and the new
EUROSOIL 7 is also presented in this report.
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