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forming factor is human influence; at the other extreme are
natural soils that have not been used by humans but have
nevertheless received inputs of contaminated dust or pre-
cipitation. Most soils in the city are intensively used and
therefore heavily influenced by humans. Processes in these
soils often differ greatly from those in rural soils. Contami-
nant loads are often much higher, parent materials are di-
verse and often of extreme chemical composition. Soils from
technical materials such as industrial wastes often experi-
ence rapid weathering unlike that in natural soils [3,4].

Urban and industrial soils have been much studied in recent
years [5–7], as has their management [8]. Their importance
was recognized by the establishment of an International
Union of Soil Science (IUSS) working group Soils of Urban,
Industrial, Traffic and Mining Areas (SUITMA) at the 16th
IUSS World Congress in Montpellier in 1998. SUITMA has
held well-attended international conferences in 2001 (Essen),
2003 (Nancy) and 2005 (Cairo) and sponsored sessions at
major soil science congresses.

2 Soil Classification

Soil classification is the process of grouping soil individuals
into more or less homogeneous groups with respect to de-
fined objectives [9], thereby highlighting the essential differ-
ences in soil properties and functions between classes. Soil
classification may be used to correlate soil studies, thereby
facilitating technology transfer. Another objective of a soil
classification is to provide a ready-made map legend for soil
surveyors; if the classification is useful, the resulting soil map
is a stratification of the mapped area into groups about which
specific soil management statements can be made. In a tech-
nical classification, such as engineering soil classification for
construction [e.g. 10,11], there is only a single objective.
However, it has long been recognized that soils are natural
bodies with interrelated properties resulting from their of-
ten-complex pedogenesis [12], and that groupings based on
natural bodies can be more efficient in dividing the vast uni-
verse of soils into classes with similar behaviour, problems
and potentials for multiple uses [13]. These classifications
are called 'pedologic' or 'natural' systems. Although the logic
of hierarchical soil classification systems such as WRB has
been questioned [14], they have proved to be useful tools
for correlation and mapping. Since the 1930's many classi-
fication systems have been proposed, and countries with
active soil mapping programs have adopted systems which
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Abstract

Background, Aims, and Scope. Historically, built areas were ignored
in soil mapping and in studies of soil formation and behaviour. It is
now recognized that these areas, and therefore their soils, are of prime
importance to human populations. Another trend is the large increase
in reclaimed lands and new uses for old industrial areas. In several
countries there are active projects to map such areas, either with lo-
cally-developed classification systems or ad-hoc names. Soil classifi-
cation gives unique and reproducible names to soil individuals, thereby
facilitating correlation of soil studies; this should be possible also for
urban soils. The World Reference Base for Soil Resources (WRB) is
the soil classification system endorsed by the International Union of
Soil Science (IUSS). The 2006 edition has important enhancements
which allow urban and industrial soils to be described and mapped,
most notably a new reference group, the Technosols.

Main Features. Urban soils are first defined, followed by the philo-
sophical basis of soil classification in general and the WRB in particu-
lar. WRB 2006 added a new Technosols reference soil group for soils
whose properties and function are dominated by technical human ac-
tivity as evidenced by either a substantial presence of artefacts, or an
impermeable constructed geomembrane, or technic hard rock.
Technosols are one of Ekranic, Linic, Urbic, Spolic or Garbic; further
qualifiers are added to show intergrades to other groups as well as spe-
cific soil properties. Soils from fill are recognized as Transportic Rego-
sols or Arenosols. Toxic soils are specifically recognized by a qualifier.

Discussion. The limit between Technosols and other groups may be
difficult to determine, because of the requirement that the technic
nature dominate any subsequent pedogenesis.

Recommendations and Perspectives. The WRB should certainly be
used in all urban soil studies to facilitate communication and corre-
lation of results. In the period leading up to the next revision in
2010, the quantitative results from urban soil studies should be used
to refine class definitions.

Keywords: Soil classification; Technosols; urban soils; World Ref-
erence Base for Soil Resources (WRB)

1 Urban soils

The term 'urban soils' is here used as a shorthand for all
soils occurring in urban and industrial areas [1]; it is thus a
discussion term rather than a classification. All soils in ur-
ban areas affect the life of the city. In turn all soils in the city
are more-or-less affected by human intervention. At one
extreme are anthropogenic soils [2], where the main soil-
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best match their soils and soil survey programmes [15]; the
best-known is the USDA Soil Taxonomy [16].

2.1 The World Reference Base for Soil Resources (WRB)

Since the earliest days of soil science, attempts had been made
to develop a universal pedological soil classification system.
These efforts were thwarted by the priority each country
gave to solving its own mapping problems, and by philo-
sophical differences about the basis of such a system. Fi-
nally with the FAO's Soil Map of the World project of the
1960's [17] it became necessary to establish a common map
legend suitable for this generalized (1:5M) map. This leg-
end was refined in the 1980's [18], aiming also at some-
what larger scale maps (1:1M) and finally developed into a
comprehensive classification system, which was adopted by
the International Union of Soil Science (IUSS) as the rec-
ommended terminology to name and classify soils at its 16th
Congress in 1998 [19–21]. It was intensively tested for the
eight years leading up to the 2006 Congress, at which time
a revised version was adopted [22]. The WRB is ideally
suited to discussing soil properties, function, use potential
and genesis at world or regional scale [23]. The wide ac-
ceptance of the WRB is due to three factors: (1) it is not
intended to replace any existing system, but rather to facili-
tate communication and correlation between national and
local systems; (2) it does not attempt to provide names for
large-scale maps and so does not interfere with local initia-
tive; (3) it is based on extensive field experience and thus
forms a useful stratification of the soil universe at high to
medium categorical levels.

WRB 2006 is fully described in FAO World Soil Resources
Report 103 [22], available from the FAO and ISRIC websites.
Classification in the WRB is based on soil properties de-
fined in terms of diagnostic horizons, properties and mate-
rials, which are as far as possible measurable and observ-
able in the field. The selection of diagnostic characteristics
takes into account their relationship with soil forming pro-
cesses and their significance for soil management. The WRB
is a two-level classification: (1) thirty-two (32) Reference
Soil Groups (RSG) which have major differences in terms of
pedogenesis, geography, and use potential; and (2) a list of
prefix and suffix qualifiers for each Reference Group which
are added to the RSG name to indicate detailed soil proper-
ties. Prefix qualifiers are of two types: typically associated
with the RSG (thus effectively acting as subgroups) and
integrades to other RSG. Suffix qualifiers provide additional
detail on diagnostic horizons; chemical, physical and miner-
alogical soil properties; surface characteristics; general tex-
ture; colour; and miscellaneous properties. The RSG are ar-
ranged in a hierarchical key, whereas the qualifiers for each
RSG are presented as a list, out of which all that apply to
the soil being classified must be named. Names are intended
to be as connotative as possible, using traditional soil names.
For example, the name Umbric Gleyic Fluvisols (Humic)
clearly implies a regularly-flooded soil with subsoil satura-
tion from groundwater, a thick dark acid surface horizon,
and a high organic matter content. Of course, these state-
ments are all quantified.

2.2 The concept of soil in the WRB

In the WRB prior to 2006, as in almost all national soil
classification systems, the soil to be classified was conceived
as earth surface material that had been organized into ge-
netic horizons by pedogenesis. Clearly, this is difficult to
relate to many soils in urban areas, including pavements,
and especially to fresh industrial wastes. For WRB 2006,
Nachtergaele [24] suggested the eminently practical ap-
proach of naming all identifiable bodies on the Earth's epi-
dermis; the major advantage is that one classification can
be used to discuss environmental functions anywhere within
the first two metres from the Earth's surface (a practical
rather than philosophical limitation) except where it is cov-
ered by continuous ice or water bodies deeper than two
metres at their shallowest.

3 Urban Soil Classification

Soil mapping has historically been associated primarily with
agriculture and rural land resources assessment, and in stud-
ies of soil formation and behaviour. This has changed in
recent years with the growing recognition that urban areas
are of prime importance to human populations, and that
soil function is vital to the life of the city. In some industrial-
ized countries, in particular Britain [25], Germany [26],
Russia [27], and the USA [28], there are active projects to
map these areas, and parallel efforts to adapt national clas-
sification systems accordingly [29]. A related trend is the
large increase in reclaimed lands (e.g. mine spoils) and new
uses for old industrial areas (e.g. rail yards, steel mills) and
the corresponding increase in soil studies in these areas. Ef-
forts to map and describe these soils have suffered from a
lack of connotative and well-defined names.

The WRB, as a comprehensive international system, is in-
tended to be used to correlate soil studies of any type and in
any area. However, the original WRB (1998) and its prede-
cessor FAO map legends (1974, 1990) were developed with
concepts from national classifications and pedogenetic stud-
ies that were skewed in favour of rural soils, so that some of
the names that were assigned to urban soils were not very
connotative. Similar issues with anthropogenic soils of in-
tensively-farmed rural areas led the appointment of two WRB
working groups, one for urban soils and one for anthropo-
genic soils. A wide consultation and several papers [30–32]
lead to a majority proposal, with some minority opinions,
presented to the WRB Commission in December 2005; these
were taken into account in the WRB 2006 adopted by the
IUSS at its 2006 Congress. Parallel to this work, the Ameri-
cans set up an International Committee on Anthropogenic
Soils (ICOMANTH) under the auspices of USDA-NRCS,
charged with defining appropriate classes in the USDA Soil
Taxonomy for soils whose major properties are derived from
human activities [33,34]; this has not yet resulted in major
changes to that system.

3.1 Urban soils in WRB 2006

The most far-reaching change is the introduction of a new
RSG: the Technosols, whose central concept is dominance
of soil properties and function by technical human activity
as evidenced by one of: (1) substantial presence of 'artefacts',
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defined as material created or substantially modified by hu-
mans as part of an industrial or artisanal manufacturing
process and with more or less their original properties; or
(2) a nearly continuous impermeable, constructed geomem-
brane, commonly called a liner; or (3) technic hard rock, for
example, pavement. Artefacts also include material excavated
from a depth where they were not influenced by surface pro-
cesses, with properties substantially different from the envi-
ronment where they are placed. Examples of artefacts are
bricks, pottery, glass, crushed or dressed stone, industrial waste,
garbage, processed oil products, mine spoil and crude oil.

The first five prefix qualifiers for the Technosols effectively
form subgroups; by design, all Technosols will qualify as
either Ekranic (sealed), Linic (lined), Urbic (rubbly), Spolic
(industrial wastes), or Garbic (organic wastes); these clearly
are useful categories for soil management. The remaining
prefix qualifiers are intergrades to other RSG, e.g. Histic,
Stagnic, and Gleyic. Suffix qualifiers refer to detailed soil
properties, e.g. Calcaric and Skeletic, and generalized tex-
ture: Arenic, Siltic and Clayic.

Technosols are keyed out as the third RSG, after the Histosols
(soils dominated by organic matter) and Anthrosols (cultivated
soils profoundly influenced by long-term human activity). Thus
organic soils with high artefact content (e.g. sewage sludges)
are identified as Technic Histosols; this preserves the tradi-
tional split between organic and mineral soils at the highest
level, while still recognizing the technical origin of such soils.
Similarly, Technic Anthrosols are recognized, although these
are likely to be scarce, except perhaps in urban garden allot-
ments on rubbly sites (Technic Hortic Anthrosols).

Classification of soils formed on recently-transported mate-
rial caused considerable controversy. The principle finally
adopted was that material that would not be present in the
soil environment if it had not been for human intervention
is defined as an artefact, and thus qualifies the soil as a
Technosol, whereas material that has already been exposed
to soil-forming processes (i.e. from the upper epidermis) is
not an artefact, even though transported by humans. Thus
fresh mine spoil is a Technosol, because the mine spoil does
not occur naturally at the surface; by contrast, freshly-
dumped overburden is a Regosol or Arenosol, depending
on its texture. Transport is recognized by the Transportic
suffix qualifier in these groups, e.g. Arenosols (Transportic)
for sandy fill, which is quite common in the Netherlands.
Non-sandy fill with jumbled remanants of diagnostic hori-
zons is recognized as Aric Regosols.

An important process in urban areas is transport of fill or
disposal of technical material on top of an existing soil. If
both together qualify as a Technosol or Arenosol, they are
classified as one soil, since the material is similar and the
stratification may be difficult to establish. If the new mate-
rial is 50 cm or more thick, it is the named soil, with the
buried soil being classified separately and recognized with
the Thapto ('buried') prefix ; e.g. Spolic Technosol (Thapto-
Luvisolic) for a rubbly fill over an unaltered Luvisol devel-
oped in loess. If the new material is thinner, the original soil
is classified and the new material is indicated with the Novic
qualifier, e.g. Technic Haplic Luvisol (Siltic, Novic).

Urban areas contain many soils from the other 29 RSG, es-
pecially in parks and unbuilt areas; many of these show sig-
nificant effects from their urban environment. Qualifiers have
been introduced to indicate some of these, e.g. Densic for
strong compaction. The most connotative is the Toxic quali-
fier, which we now discuss.

3.2 Toxic soils

One of the motivations for establishing the Technosols, and
keying them out almost at the beginning, was to clearly show
areas where technical material had been deposited. This
material is likely to have toxic constituents or be highly-
reactive. It was also realized that any soil in urban areas can
become contaminated by spills, toxic dust, or atmospheric
deposition (e.g. from leaded petrol), even if the proportion
of such artefacts is too low to qualify the soil as a Technosol;
this contamination need not be in city centres [35]. There
have been some studies on these soils [36–39] but their ex-
tent is largely unknown. Still, it was thought important to
define a Toxic suffix qualifer as "having in some layer within
50 cm of the soil surface toxic concentrations of organic or
inorganic substances other than ions of Al, Fe, Na, Ca and
Mg". The named ions can reach toxic levels in natural soils
and so were already covered by various RSG and qualifiers.
The Toxic qualifier is at present restricted to the Histosols,
Technosols, and Gleysols, until it can be documented in other
RSG. The phrase 'toxic concentrations' is deliberately vague
and must be quantified by further studies. The Toxic quali-
fier can further be specialized as Anthrotoxic, Ecotoxic,
Phytotoxic, or Zootoxic; these also are defined in qualita-
tive terms only, and must be quantified.

It is recognized that there are difficulties with this defini-
tion, which should be refined prior to the next revision of the
WRB. First, it is not semantically correct to refer to the 'toxic-
ity' of the soil, since toxicity by definition depends on the re-
ceptor and the manner of exposure as well as the source. For
phytotoxicity this is already a complex issue [40], let alone the
more complex case of zootoxicity or anthrotoxicity. This defi-
nition could perhaps be made operational by defining a stan-
dard receptor and exposure pathway for each of the qualifi-
ers. Or, the most common receptors and pathways could all
be evaluated, with the qualifier 'toxic' understood to mean
"potentially toxic to a defined receptor under defined condi-
tions". Second, it may be quite hard to separate the special-
ized qualifiers: for example, a soil with sufficient heavy metals
to be toxic to plants will almost certainly be toxic to humans.
One solution is to define 'toxicity' as specific levels of defined
soil constituents; at these levels the soil is considered poten-
tially toxic in general. This is the approach taken by regula-
tions such as the German Federal Soil Protection and Con-
taminated Sites Ordinance [41]. In any case, the WRB
classification is not intended to replace site-specific risk as-
sessment, in the same way it is not intended to replace site-
specific management recommendations for agriculture.

3.3 Difficulties

A difficulty with identifying Technosols in the field is the
requirement that the technic nature dominate any subsequent
pedogenesis. At one extreme is fresh pavement, at the other
a Roman road which over the years has developed a strong
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mollic horizon and whose continuous dressed-stone pave-
ment has been disrupted by frost, animals, or tree roots; the
first is a Technosol, the latter not. The phrase "substantially
the same properties as when first manufactured, modified
or excavated" must be documented by the classifier.

4 Mapping urban and industrial soils

The WRB is a soil classification system, not a map legend. It
assigns names to soil individuals (pedons), whereas a map
legend refers to spatial entities (e.g. polypedons) aggregated
into map units. WRB names may be assigned to the con-
stituent soil individuals within a map unit; in addition the
map unit is characterized by the proportional composition
and spatial pattern of the constituents. Map units are also
commonly defined and named on the basis of site, morphol-
ogy, substrate, or land use.

In the context of urban soil mapping, an important site prop-
erty is its (anthro)geomorphology. For example, Rosenbaum
et al. [42] describe a classification of what they term "artifi-
cial ground", emphasizing the anthropogenic processes
which formed the ground, including void formation (exca-
vation). This classification has been adopted by the British
Geological Survey [43]. It is an anthropogenetic approach,
using in the first instance morphology (a diagnostic land-
form) and then material composition and arrangement
(physical, sedimentological and lithological). This is meant
for mapping at any scale including detailed site investiga-
tions. There is no information on soil properties as such.
This classification could be used, in conjunction with WRB,
to name map units.

Another important property of urban soils is the substrate,
also called parent material. Since the WRB emphasizes the
results of soil genesis rather than the soil material, the same
WRB soil type may develop in contrasting substrates. In the
USDA Soil Taxonomy this is addressed at the family level
(not present in WRB), where both the general particle-size
profile and mineralogy are named. Jahn and colleagues [44]
have proposed a simplified substrate classification to supple-
ment WRB; this could be used define Reference Soil Series
(RSS) in the framework of WRB [45]. An RSS would specify
the soil form (i.e. WRB class), the general texture as in Soil
Taxonomy families, with substitutes for particle-size class
for technical soils suggested by ICOMANTH, and the sub-
strate from detailed lists [e.g. 6]. In the USA, detailed map-
ping has proceeded by defining soil series, as the most de-
tailed level of Soil Taxonomy, as necessary [46]; these then
require changes to categorical higher levels.

Finally, the actual and historical land use may influence the
properties and use potential of the map unit; for rural areas
this is not usually known but for urban areas it is well-
documented.

5 Perspective

Urban soil management can only increase in importance as
the World's population becomes increasingly urbanized; the
expansion of industry and the reuse of abandoned indus-
trial lands also show no sign of abating. The WRB has suc-
cessfully expanded its role as the reference soil classification
system for correlation of soil studies and for small-scale

mapping to cover these areas. By the time of the next WRB
revision in 2010 the usefulness of the Technosols reference
groups, its qualifiers, and the new qualifiers in other groups
should be clear, so that definitions can be revised to produce
an even more useful system. Another challenge is the use of
WRB in urban soils mapping: coupling the somewhat gen-
eral categorical level of the WRB with other information to
usefully describe map units at the level of detail needed for
urban soil management.
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Abstract. Spatial distribution maps depicting the concentrations
of antimony, lead, tin, copper and zinc, and the presence of land-
use units were generated for Mühlburg, a district of the City of
Karlsruhe, Germany. The influence of the spatial land-use struc-
ture on the distributions of the element concentrations is statisti-
cally evaluated and discussed. The variography for Mühlburg shows
an average range of 200-400 m for the spatial correlations of Sb,
Pb, Sn and Zn. The variograms of Pb and Zn are characterised by
hole effects at 300 m distances, i.e. the result of repeated stronger
spatial correlations for certain distances between the sample sites.
Most probably, this is an effect of the typical urban structure of
streets, buildings, green spaces, and industry. Kriging method was
used for the interpolation of Sb, Pb, Sn and Zn concentrations.
Only Cu does not show a spatial correlation. In this case, the inter-
polation was carried out with a smoothed triangulation routine.
Pollution plumes of point sources such as lead works, a bell foun-
dry and a coal-fired thermal power station superimpose the more
diffuse pollution from traffic, household heating processes, waste
material disposal, etc. The trace element concentrations in soils of
housing areas increase with the age of the developed area. Indus-

trial areas show the highest level of pollution, followed by housing
areas developed before 1920, traffic areas, allotments, housing ar-
eas developed between 1920 and 1980, parks and sports areas,
cemetery and housing areas developed after 1980.
It is demonstrated that spatial distribution maps of element concen-
trations indicate potential emission sources of harmful substances,
even if the emission itself or the direct surrounding soil have not
been analysed. The analytical tools presented enable town planners
to discern areas of higher soil pollution. Detailed investigations can
be focussed on these areas to evaluate the possibilities of soil usage
and transfer. These methods enable one to manage urban soil in an
adequate manner. For these reasons, the methods demonstrated sup-
port an urban environmental impact assessment and are a part of a
sustainable urban soil management.

Keywords: Environmental chemistry; environmental impact assess-
ment; geographic information system (GIS); Germany; geostatistics;
GIS; Karlsruhe; mapping; research articles; soils; spatial variability;
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