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Foreword

EuroGeoSurveys started 40 years ago as a network of
national geological surveys of Europe. Today it is a
nonprofit organization that represents 32 national insti-
tutions (including all EU states), making it the world’s
largest consortium of geological surveys, with a work-
force of over 20000. As such, it is in a position to
provide the European Commission with answers to the
ever-growing specific requests for high-quality geo-
scientific information in the public interest.

EuroGeoSurveys can lay claim to several success
stories; it is especially proud of its reputation as a
reference point for the European Union on such topics
as natural resources (water, soil, minerals), geoscientific
data, land management and environmental protection,
and natural risks.

EuroGeoSurveys aims at providing the European
institutions with expert, neutral, balanced and practical
pan-European advice and information as an aid to
problem solving, policy, regulatory and programme
formulation in areas such as:

e the use and the management of on- and off-shore
natural resources related to the subsurface of the
Earth, (energy — including the renewable geothermal
energy — minerals, water, soil, underground space and
land);

e the identification of natural hazards of geological
origin, their monitoring and the mitigation of their
impacts (depletion or excess of trace elements in soil
and water, earthquakes, natural emissions of hazard-
ous gases, landslides and rockfalls, land heave and
subsidence, shrinking and swelling clays);

e environmental management, waste management and
disposal, land use planning;

¢ sustainable urban development and safe construction;

e e-government and access to geoscientific metadata
and data;

e the development of interoperable and harmonized
geoscientific data at the European scale.

EuroGeoSurveys coordinates the work of specific
Expert Groups which, usually responding to specific
EU policies, integrate all information, knowledge and
expertise derived from all participating countries in-
fields, such as geochemistry, spatial data, geological
hazards, marine geology, mineral resources, soil and
water. The present book, Mapping the Chemical Envi-
ronment of Urban Areas, is another success story of the
Geochemistry Expert Group of EuroGeoSurveys.

From 1996 to 2006, 26 European Geological Surveys
cooperated to produce the Geochemical Atlas of Europe,
presenting for the first time directly comparable data on the
chemical composition of top- and sub soil, stream water,
stream sediment and floodplain sediment at the European
scale. With the publication of the two-volume atlas, the
datasets were made publicly available (http://www.gtk.fi/
publ/foregsatlas/). Since then they have been used in a
wide variety of applications by diverse organizations
throughout Europe, including EU Commission institu-
tions. Another important group contribution is an atlas
of European groundwater geochemistry, using bottled
water as a sampling medium, which was published in
September 2010 with the title Geochemistry of European
Bottled Water (http://www.schweizerbart.de/publications/
detail/artno/001201002).

This book is another significant publication of the
Geochemistry Expert Group in which the quality of
the urban environment is being discussed. We know that
the majority of Europeans live and work in cities, and
urbanization goes hand in hand with development; more
often than not in emerging nations of the world the cities
grow rapidly and unplanned. The large cities of Africa,
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Asia, South and Central America should be able to benefit
from the knowledge and lessons learnt from the legacy of
industrialization in cities of the Western world.

e Imagine crowded cities at risk of failure of founda-
tions, and ground collapse, at risk of landslides or
erosion, or regular inundation, or even cities sinking
away rapidly!

e Imagine cities short of drinking water, and where
plants and trees cannot grow because of polluted soils!

e Imagine cities where children cannot play outside,
because of polluted soil in their house garden, play-
ground and schoolyard!

e Whole generations are subjected to a lifetime of poor
health and learning disabilities, because of the chem-
ical environment in which they live.

One may think that this is a science fiction story.
Unfortunately, it is not! Urban areas, owing to the
population density and the high degree of infrastructural
development, industries, traffic, wastes, etc., are not
only extra-vulnerable to pollution of soil and air, but
also to other geological hazards.

The chapters in this book describe mainly soil pol-
lution and how it affects the quality of life of urban
population. Geology is seen to exert a fundamental
control on the chemical environment of urban areas,
and nature itself does produce soil that can be classified
as ‘contaminated’ by existing health-related criteria.
The contribution of national Geological Surveys to
the mapping of the chemical environment of urban

areas is significant, since they provide data and infor-
mation to decision-makers and town planners to reme-
diate polluted soil and, thus, improve the quality of life
of the inhabitants. Although each case study has been
carefully planned and executed, and the results are of
good quality, the methodologies used are different,
which makes data comparison difficult. The Geochem-
istry Expert Group recognizing this drawback has ini-
tiated, with the approval of the EuroGeoSurveys
Directors, an Urban Geochemistry project with the
acronym URGE. The objective of this project is to
carry out and harmonize urban geochemical mapping
initially in 10 European cities, producing the first ever
comparable results across Europe. Progress of this, as
well as other activities of the Geochemistry Expert
Group, is provided by the EuroGeoSurveys portal
(http://www.eurogeosurveys.org/).

The portal also provides access to different types of
geoscientific metadata, information and knowledge at
European and national scales, by following the links on
the thematic pages. In addition, it presents information
on EuroGeoSurveys, its activities and its member
organizations.

Luca Demicheli

EuroGeoSurveys Secretary General
EuroGeoSurveys Secretariat

Rue Joseph II 36-38

1000 Brussels, Belgium

Tel.: +32 2 888 75 50

Fax: +32 2 503 50 25

Email: info@eurogeosurveys.org
URL: http://www.eurogeosurveys.org/
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People are drawn to living together in communities and,
although cities began to appear 10000 years ago, it is
only in the last 3000 years that they have become
relatively numerous and inhabited by large numbers
of people (Macionis and Parillo, 2009). Towards the
end of the first decade of the twenty-first century more
than half of the world’s population is living in urban
areas. This is predicted to rise to 60% by 2030
(Figure 1.1; UN, 2006). In some parts of the world,
where cities have been established for a long time, e.g.
in western Europe, the percentage of the population
living in urban areas is even higher at >70% (Population
Reference Bureau, 2007). Why then, for a species that
shows a preference for natural sceneries (Ulrich, 1981),
are we so keen to live in artificially built environments?
The answer is that cities offer us security and the chance
of a better standard and quality of life, though the latter
fact may be hard to believe in many of the deprived,
crime-ridden inner-city slums of the world.

Our very existence causes us to modify the surround-
ing environment, whether by the tiny amounts of waste
discarded by primitive societies or the huge landfill
sites for rubbish disposal associated with modern
cities. Demand for food, energy, water and land alters
the natural environment, inevitably making significant

“Corresponding author. E-mail: ccj@bgs.ac.uk

changes to its physical and chemical equilibrium —
changes that, when compared with natural transforma-
tions (with the exception of catastrophic events, such as
earthquakes), have happened over a very short span of
time. Today, it is the sheer scale and rapidity of the
modifications to the natural environment that give cause
for concern. The manifestations of physical hazards in
the urban environment (such as subsidence, flooding or
earthquakes) are readily observable and understood by
the general public. However, the consequences of living
with potentially hazardous elements (PHESs), or harmful
chemical compounds, in our surroundings are not so
easy to see or comprehend, because they take a longer
time span to manifest themselves. Yet, the results of
having harmful elements and compounds in our living
environment is just as detrimental — probably more so.
Excessive exposure to chemical elements and organic
compounds (e.g. lead (Pb), mercury (Hg) and dioxins)
at an early age is likely to leave an individual with a
lifetime of disability. Physical damage to buildings can
be repaired and property replaced, but remedying the
effects of toxic chemical elements on living organisms is
not easily achieved. We should, therefore, not be sur-
prised that political action tends to be more forthcoming,
as a result of physical damage to property, but is less
evident in response to the ‘silent’ hazards of living with
the less obvious hazards of contamination.

Mapping the Chemical Environment of Urban Areas, First Edition. Edited by Christopher C. Johnson, Alecos Demetriades, Juan Locutura and Rolf Tore Ottesen
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Figure 1.1 The urban and rural population of the world, 1950-2030 (after data from UN, 2006)

One does not need to be a chemist to understand that
what we do to meet the essentials of modern-day living
will change the chemical balance of our environment.
We make, for example, fundamental changes to the
landscape, redistributing huge volumes of natural super-
ficial material that would otherwise have been in a state
of natural equilibrium for hundreds and thousands of
years. According to Mii (2009), each American uses
during the course of a lifetime 1.5 million kilograms of
raw materials. This amount of material has to ‘end’
somewhere. Consider, also, the global market for food.
Food crops will extract water and their nutrients (and
other chemical elements) from soil in which they are
grown. The water and these chemical elements will
ultimately end up being discharged in the country of
consumption, often thousands of kilometres from their
source of origin. Our food supermarkets thus play an
unexpected but important part in the global redistribu-
tion of chemical elements in the environment. In view of
the amount of food and resources (acquired from all over
the globe) that are used by an urbanized individual
over the course of a lifetime, which, when discarded
as waste, will most likely end near the point of use or
consumption, it should be no surprise that we are
significantly changing the chemical balance of our
planet, most obviously in the urban areas.

Much of the legacy for some of our contaminated
urban areas goes back thousands of years. For example,

in the ancient settlements of Lavrion, Thorikon, Pefka
and Agrileza (ca. sixth—fifth centuries BC), which are
situated in the Lavreotiki peninsula to the south-east
of Athens, Hellas, soil became contaminated by Pb as
far back as 3500Bc from the mining and smelting
activities of argentiferous or silver-bearing lead ore
(Conophagos, 1980; Demetriades et al., 1996; see
also Chapter 25 in this volume). Many old mining
areas bear a legacy of heavily contaminated soils in
their immediate surroundings.

However, it was the Industrial Revolution of the
eighteenth and nineteenth centuries, and the continued
industrialization into the twentieth century, that not only
transformed socio-economic and cultural conditions,
but had also the most severe detrimental effects on
our environment. Life during the Industrial Revolution
is described in literature from the period; for example,
Charles Dickens’ assessment of the ills of industriali-
zation in England. He describes the effect it had on the
people in the fictional Coketown in his 1854 novel Hard
Times. He wrote

It was a town of unnatural red brick, or of brick that would
have been red if the smoke and ashes had allowed it; but
as matters stood, it was a town of unnatural red and black
like the painted face of a savage. It was a town of
machinery and tall chimneys, out of which interminable
serpents of smoke trailed themselves for ever and ever,
and never got uncoiled.
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Photograph 1.1 0il painting by Philippe Jacques de Loutherbourg (1740-1812) showing one of the Coalbrookdale
ironworks (England), the Bedlam Furnaces along the River Severn, at night silhouetted against the fiery glow of a furnace
being tapped. The development of coke smelting in this area of Shropshire by Abraham Darby and his family in
the eighteenth century revolutionized the production of iron and helped fuel the Industrial Revolution. Its unique
combination of natural resources also led it to produce Britain’s first iron rails, iron bridge, iron boat and steam
locomotive. Coalbrookdale by Night 1801. Qil on canvas, 680 x 1067 mm. © Science Museum, London

Paintings from the period also graphically illustrate
the impact of the industrial revolution on the envi-
ronment (Photograph 1.1). Philippe Jacques de
Loutherbourg’s painting, the image used for the cover
of this book, presents the scene of the Bedlam foundry in
Coalbrookdale, the heart of the Industrial Revolution in
England, as a vision of hell. Bedlam was initially the
name associated with an infamous hospital in London to
which mental patients were consigned to live out their
lives in the most miserable conditions.

Developments in agriculture, manufacturing and
transportation started in Europe and spread throughout
the rest of the world. It is no coincidence, therefore, that
an awareness of the legacy of industrial contamination
of our cities has first grown throughout Europe, and it is
probably for this reason the majority of the earliest
environmental studies of cities were carried out in
Europe (e.g. see Thornton (1991) and references cited
therein). This is also reflected in the balance of case
studies in this book, with the majority coming from
Europe. However, in recent years, awareness about the

contamination issues related to urbanization has spread
around the globe, and so some international examples
are included as well.

Another reason for the dominance of European case
studies in this volume is the fact that this book is a
project initiated by the EuroGeoSurveys' Geochemistry
Expert Group. This group consists of many scientists
with the knowledge and experience of mapping chem-
ical elements at the Earth’s surface. As evidenced by this
volume, the urban environment found their particular
interest. It is the discipline of applied geochemistry that
is important in the regional study of element distribu-
tions across urban areas. As many of the chapters of this
book show, underlying geology has a fundamental
control in the distribution of elements in the urban
environment and must be considered for identifying
contamination.

In urban areas, contamination of the atmosphere via
industrial and residential chimneys, vehicular exhaust

! http://www.eurogeosurveys.org/.
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and wind-blown dust derived from soil and sediment
was probably the first clearly visible sign of the detri-
mental effects of modern life. In Europe, legislation has
had a significant effect on improving the quality of the
air in our cities, though automobile exhausts and dust
emissions related to traffic continue to be a problem in
many congested cities of the world. An early focus on
the atmosphere and air quality has led many researchers
to focus their attention during the last 30 years on
atmospheric transport of contaminants. We are all
aware of desert storms (e.g. in the Sahara) transporting
vast amounts of dust over long distances in the atmo-
sphere. It is thus not surprising that small amounts of
contaminants can be found even in remote sites around
the globe. However, serious contamination of the envi-
ronment is closely related to scale (Reimann et al., 2009,
2010). It is the cities, the immediate surroundings where
our children grow up and play, that really matter from a
global human health perspective. The studies in this
book show that, even in most cities, local variation is
very large and that contamination is usually concen-
trated in rather small areas within a city (a noteworthy
exception may be cases like Lavrion, where thousands
of years of mining and smelting have contaminated a
more sizable area — see Chapter 25). It is thus a problem
where something can and must be done locally.

The main receptor, the depository of contamination
over a long period of time, however, is the soil, espe-
cially in urban areas. It is generally the main receptor for
much of the urban contamination, from both diffuse and
point-sources. Throughout the development of humanity
we have tended to dispose of our waste in holes in the
ground (i.e. soil) or in rivers, which puts it out of
immediate sight and further thought. However, our
lives depend on the soil; it is needed for much of our
food production. The importance of healthy and clean
soil for the further development of humanity cannot be
overemphasized. In urban environments, soils are not
primarily used for food production, though many houses
will have gardens and the new populous cities of emerg-
ing continents like Africa rely on produce grown from
urban plots of land (see Chapter 31). However, we are all
in contact with the soils in our everyday life. Much of the
dust in the urban atmosphere is wind-blown soil. Our
children play on and in the soil, and many even eat it
(Photograph 1.2). At each building site, vast amounts of
soil are excavated and moved around in the cities. /7 is
thus the soil and surface overburden of urban areas that
is the principal environmental compartment studied in
this volume. The ubiquitous nature of soil makes it an
ideal sample material for studies of the chemical envi-
ronment of urban areas. In addition, soil profiles can be

Photograph 1.2 Itis our children that are most vulnerable to the health-risks of a contaminated urban environment,
particularly through hand-to-mouth ingestion of soil. Source: Photograph provided by the Geological Survey of Norway



