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Foreword
Soils provide us with food, fibre and timber. They filter our water,
breakdown and transform organic wastes, store carbon, support
wildlife and the built environment and preserve records of our
ecological and cultural past. The biological diversity below ground
far exceeds that above it, and this diversity is vital to enable soil to
perform its multiple functions. Soil develops where there is dynamic
interaction between air, water, living organisms and geology. It is
these dynamic interactions that contribute to the multiple functions
that soils perform. Soil also has an importance and value in its own
right and needs to be protected.

Our soil is an immensely valuable national resource, which forms and
evolves over very long periods of time and therefore is essentially a
non-renewable resource. Once soil is severely damaged or destroyed
it is effectively lost forever. The protection of soil poses some unique
difficulties for a number of reasons, such as its enormous spatial
variability, incomplete understanding of its exact functioning and
reaction to pressures, limited information on soil biodiversity and the
fact that soil is generally held in private ownership. However, soil
protection needs to be placed on an equal footing with that of water
and air.

At a national level our information on soil and soil quality is limited.
We are pleased to see that this information deficit is being addressed
with the publication of this, the first Soil Geochemical Atlas of
Ireland. This Atlas shows the basic geochemical properties of soils in
Ireland, as revealed by a detailed large-scale survey across the
country and analysis of the findings. It provides Ireland with a sound,
well-structured baseline of soil geochemical properties relevant to

sustainable land use and soil management, and to environmental,
agronomic and health-related pressures.

This Atlas is the result of a great deal of hard work by our relevant
organisations and academic institutions from across the country and
individual experts. They have produced a comprehensive picture of
the basic chemistry underpinning life on land, which has resulted
from the complex interactions of air, water, soil and human activities.
This will aid all of those with an interest in the sustainable use of one
of Ireland’s principal natural resources to make well-informed
decisions as to its management and conservation. It will also assist
Ireland in meeting any future requirements under the proposed Soil
Framework Directive. We believe that this Soil Geochemical Atlas
is the beginning of a process to ensure that we develop good quality
and scientifically robust information on the state of soil in Ireland.
By developing our knowledge and understanding of soil we can
ensure that soil and its multiple functions are protected for present
and future generations.

Dr Mary Kelly Professor Gerry Boyle
Director General Director

Environmental Protection Agency Teagasc
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A cautionary note on the use of the maps in this Atlas

Even though the maps in this study were created using the best available techniques, like all maps, they should be used with caution. There are sources
of uncertainties that are beyond control, e.g. spatial variation and modelling uncertainty.

While the maps in this atlas will give a good and statistically significant indication of the distribution of the concentrations of an element, soil type,
land use or geology, they will not provide local information for specific sites. The geochemical spatial distribution maps, although a very good tool to
indicate the relationship between large scale trends related to geology, soil type, land use and climatic effect, are less likely to capture local anomalies.
On a local scale, the data point maps may over-exaggerate anomalies when sampling occurred on a specific site which had an exceptionally high or low

concentration of an element.

The use of the term level rather than concentration in this report to describe the concentrations of a given element in a general area avoids the
misunderstanding that there can be any reference to a specific concentration at a given location on any of the maps printed.
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Summary
The information contained in this Soil Geochemical Atlas of Ireland is
summarised from data collected between 1995 and 2006 during a
countrywide geochemical survey conducted as part of the ‘National Soil
Database’ project. The full report of that project is available from the
EPA (Fay et al. 2007a) and it covers the sampling and analysis methods,
as well as all the results and interpretation, in detail. A synthesis report is
also available, which covers the objectives and outcomes of the project in
summarised form (Fay et al. 2007b). A summary of the National Soil
Database project including the project background, main findings,
materials and methods and statistical analysis, is provided in this atlas.
The main focus of this atlas is to present the geochemical maps and to
interpret the information presented in them.

The sections in this Atlas preceding the geochemical maps are intended as
background information to aid the interpretation of the maps. In the map
section, each element measured is shown separately. A short description
of the element and an interpretation of its distribution in Ireland
accompany the spatial distribution and data point maps for each element.
The description of the element provides background information such as
occurrence of the element in the environment and its applications and uses,
any known biological roles, deficiencies or toxicities for plant and animal
health and potential environmental risks.
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National Soil Database: The
Acquisition of Baseline Soil
Geochemical Data

Project background
In 1995 and 1996 a geochemical survey of the South East of Ireland was
carried out by Teagasc (McGrath and McCormack, 1999). In 2002,
funding was provided by the EPA to complete this survey to create a
national database of geochemical data. Between 2003 and 2005, soil
samples were collected in areas of the country not covered by the
original study. All of the data have now been collated to produce point
and interpolated spatial distribution maps of the measured chemical
elements and to interpret these with respect to underlying parent
material, glacial geology, anthropogenic and climatic effects. This
National Soil Database has produced, for the first time, a national
baseline database of soil geochemistry and is reported fully in Fay et al.
(2007a) and summarised in Fay et al. (2007b). The project has also
generated a National Soil Archive, comprising both dried soil samples
and a nucleic acids archive.

Main findings of the National Soil
Database
The soil sampling strategy used in the National Soil Database study has
allowed an informed interpretation of the relationships between the
geographical distribution of the measured geochemical data, soil types and
the underlying geology.

Overall, the most obvious feature evident in the data was the
geographical coherence of the geochemical results and their strong
relationship with the soil type and underlying geology.
Anthropogenic effects were also taken into account during the
interpretation of the results but were found to have less influence than
the effects of soil type and geology. In some isolated cases, local
concentrations of elements could be related to urban, mining or
agricultural activities. Climatic influences, such as oceanic deposition
were observed for some elements.

Against a background of increasing soil protection policies, the
National Soil Database and the archive provide Ireland with a sound,
well structured baseline of soil geochemical properties relevant to
environmental, agronomic and public health related pressures.
Further benefits of the National Soil Database will arise from
disseminating the findings to a wider audience including policy
makers and stakeholders.

Material and Methods
The soil samples for the National Soil Database were taken at fixed
locations on a predetermined National Grid made up of 10 x 10 km
squares. Two samples were taken from each square, one on the
intersection and one at the centre of the square. The sampling
locations can be seen on the sample location map on the next page.
Sites were located using 1:50,000 maps and assisted by GPS. In the
event of it not being possible to take a sample at the projected
sampling position, a default procedure similar to that used in the
Geochemical Survey of England and Wales (McGrath and Loveland,
1992) was used. At the sites, a 20 x 20 m grid was created with the
sampling position at the centre. Soil cores were then taken on the
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grid at 5 m intervals with a Dutch auger (Eijkelkamp, The Netherlands).
The 25 cores were taken to a depth of 10 cm and bulked to form field moist,
composite samples weighing approximately 2 – 4 kg. A total of 1310
samples were collected and analysed.

The samples were dried at ambient air temperature, then sieved (2 mm) and
thoroughly mixed. The soil pH was measured on the soil solution from 10
ml of soil mixed with 20 ml of deionised water. Available K, Mg and P were
measured using Morgan’s extracting solution to extract the soil in a 1:5
soil:liquid volume ratio (Peech and English, 1944). The Soil Organic Carbon
(SOC) was measured for the samples from the original study in 1995-1996
using the Walkley Black method (Walkley and Black, 1934) and for the later
samples using a Leco CN-2000 dry combustion analyser. A correction factor
of 1.16 (Brogan, 1966) was applied to the SOC data from the first study to
account for the different methodology employed. For the remaining
elemental analyses, 200 mg of finely ground subsample was digested (10 ml
HF, 5 ml HClO4, 2.5 ml HCl and 2.5 ml HNO3) to dryness on a hot-plate.
The resulting salts were dissolved in 20% aqua regia and made up to 10 ml.
The solutions were analysed by ICP-OES or ICP-MS, depending on the
element. Se and Hg were measured using atomic fluorescence spectrometry.
A full account of the methods used can be found in Fay et al. (2007a).

Statistical Analysis
Statistical analyses including summary statistics, probability analyses, outlier
detection, data transformation, multivariate analyses of correlation analysis,
cluster analysis, and comparisons between sample groups were applied in
this study. Based on the results of the statistical analyses, advanced
geostatistical analyses and GIS mapping were carried out. A full description
and explanation of the statistical methods used can be found in Fay et al.
(2007a).
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For the purpose of statistical analysis it was necessary to separate mineral
soils from organic-rich soils, as organic matter is a distinct component of

Ireland’s Peat soils. A Peat soil is defined by Gardiner and Radford (1980)
as soil with a high organic matter content (>30%, ≈17% SOC) down to a
depth of at least 30 cm. However, as the soil samples in this study were only
collected to a depth of 10 cm, the term ‘peat’ cannot strictly be used. Based
on the frequency distribution of the SOC data, the term ‘organic soils’ was
used for all soil samples with a SOC content >15% (≈28% SOM). Any
reference to Peat soils is a reference to the soils classified as such either by
Gardiner and Radford (1980) or in the Peatlands map of Ireland (Hammond,
1978).

Since the raw data of the chemical elements and soil properties exhibited a
wide range of variation, the median values were selected as the
representative values of the soils. In this study, the majority of variables
showed a positively skewed distribution. In order to achieve normality, or
near normality, the optimal method of Box-Cox transformation was applied.
Multivariate analyses were applied to mineral soils and organic-rich soils,
using the Pearson’s correlation coefficient (r). These multivariate analyses
gave a good indication of the relationships and correlation between the
variables, with r = 0 showing no relationship and r = 1 indicating a very
strong relationship.

Geostatistics were used to carry out a spatial interpolation of the data for the
sampling points. This is the best method to gain insight into the spatial
distribution of the parameter data for the whole country. Trans-Gaussian
kriging (Cressie, 1993) was used to create the spatial distribution maps in this
study. The geostatistical analysis of data as it was performed here is purely a
mathematical approach to the data, and does not take controlling factors such
as geology and soil type into consideration. Any spatial interpolation

requires the assumption that the data is spatially correlated, meaning that
data from points that are closer together are more likely to be similar than
data from points that are further apart. When this correlation is poor, the
theoretic basis for spatial interpolation does not hold. Poor correlation is
mathematically translated into a high nugget effect. Relatively high
nugget effects were observed for all the variables under investigation,
implying that strong local variations exist.
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Description of soil from the EC
Soil is essentially a non-renewable resource. It is a very dynamic system which performs many functions and delivers
services vital to human activities and to the survival of ecosystems

(EC, 2006)

Description of soil from the EPA
Soil is a biologically active complex mixture of weathered parent material, organic matter, organisms, air and water
which provides the foundation for life in terrestrial ecosystems. Soil however, is not merely the sum of weathered
parent material, organic matter, air and water but a product of their interactions

(EPA, 2002)

Definition of soil from the Soil Science Society of America
‘(i) The unconsolidated mineral or organic material on the immediate surface of the earth that serves as a natural
medium for the growth of land plants. (ii) The unconsolidated mineral or organic matter on the surface of the earth
that has been subjected to and shows effects of genetic and environmental factors of: climate (including water and
temperature effects), and macro- and micro-organisms, conditioned by relief, acting on parent material over a period
of time. A product-soil differs from the material from which it is derived in many physical, chemical, biological, and
morphological properties and characteristics’

Glossary of Soil Science Terms (SSSAJ)
.
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What is Soil?

Essentially, soil is the top layer of the earth’s surface on which we depend for
many vital functions. It is made up of a mixture of organic and mineral
material, organisms, air and water. Soil forms the basis for agriculture and
the food chain begins and ends with soil. It is only by combining soil with
the organic matter produced by the consumption and decomposition of plant
and animal material that nutrients can be made available for the next
generation of plants and animals. Soil also plays an important role in the
filtering of rainwater as it infiltrates into underground reservoirs, lakes and
rivers from which we extract our drinking water. The landscape which
surrounds us is defined by soil as certain soil types lend themselves better to
different land uses.

Soils are complex systems in which the chemical, physical and biological
properties vary over time and space. Variations will occur over short and
long time periods and on a local and regional spatial scale. Soils are made
up of soil parent material, which is derived from one or a combination of
three things:

• solid rock which has weathered (discussed in the Bedrock Geology
of Ireland section, pg 8)

• superficial deposits such as glacial drifts or alluvium which has been
transported (discussed in the Recent Geology of Ireland section, pg
11)

• organic matter (discussed in the Recent Geology of Ireland section,
pg 11)

Soil parent material is usually strongly related to local geology. The
combination of parent material and soil forming processes defines a soil
type (discussed in the Soils in Ireland section, pg 12). Short term changes
in soil geochemistry will depend on anthropogenic activity, climate, soil
physical properties and biological activity (discussed in the Continuing
influences on Irish soils section, pg 15).
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Bedrock Geology of Ireland
A simplified rock type map was generated for interpretative purposes in this
atlas. Simplified rock types were classified based on a rock unit map from
the Geological Survey of Ireland (GSI) (McConnell and Gately, 2006). It
includes nine types of rock from the three main categories, igneous,
sedimentary and metamorphic rocks.

Igneous rock types
 basalt
 granite
 rhyolitex

Sedimentary rock types
 impure limestone
 pure limestone
 sandstone (Old Red Sandstone)*
 sandstone and shale+

 shale
Metamorphic rock types

 schist

xFor the purpose of simplification, the less commonly occurring andesites have been included
with rhyolites in this map.
*On this simplified rock type map, the Old Red Sandstones of Devonian age are shown as a
separate entity from the other sandstones.
+The category sandstone and shale incorporates all the other major sandstone and shale
sequences, i.e. Cambrian quartzites, Lower and Upper Carboniferous sandstones, siltstones
and shales. It also incorporates sedimentary rocks of varying particle sizes, i.e. grits,
greywackes, mudstones, siltstones and muddy sandstones.

A short summary of Irish bedrock geology follows, starting in the North East
of Ireland and working clockwise around the country, ending in the centre.

A reference map of Ireland showing the location of the counties is
provided at the end of the introduction section of the atlas (page 18). A
simplified table of geological time is shown in the figure at the end of the
text.

The counties Cavan and Monaghan are mainly underlain by Lower
Palaeozoic shales, grits and greywackes, whilst counties Louth and Meath
are mainly underlain by limestones or marginally younger shales and
siltstones.

The South East of Ireland consists predominantly of Lower Palaeozoic
sedimentary (mudstones, siltstones and greywackes) and igneous rocks
(rhyolites, andesites and basalts). These have been intruded and
metamorphosed during the Caledonian Orogeny by the Leinster Granite,
which dominates the area’s topographic elevation (Wicklow Mountains).

The South and South West are dominated by Old Red Sandstone and some
shales in the west, whilst the easternmost part is more variable with
sandstones, shales and limestones occurring in a series of gentle synclines
and anticlines formed during the Hercynian Orogeny. North of these, in
northern Kerry, western Limerick and western Clare there are a series of
Upper Carboniferous sediments, mainly shales and grits, sitting on top of
comparatively pure limestones.

West Galway and West Mayo are characterized by granite in the South
(Caledonian Orogeny) and a combination of Lower Palaeozoic and late
Pre-Cambrian metamorphic rocks north of this. In the North, most of
county Donegal is underlain by a complex series of rocks comprising
schists (metamorphosed from mudstones and muddy sandstones), and
quartzites (from sandstones). These have been intruded by a series of
granites during the Caledonian Orogeny.
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The centre of Ireland is dominantly underlain by carboniferous limestones,
which vary from very pure to impure shaley varieties. Within this large area
there are two types of rock giving rise to pronounced topographic relief. The
first and more frequent consist of Lower Palaeozoic shales and sandstones
and Old Red Sandstones. The second consist of younger Carboniferous
rocks, predominantly shales, siltstones and sandstones.
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Granite outcrops in the Wicklow Mountains

Sandstone in southern Co. Mayo

Limestone pavement on a beach in Co. Clare
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Recent Geology of Ireland
During the Pleistocene, Ireland experienced at least two major glacial
episodes which are important from a soil formation point of view. The older
of the two is known as the Munster General Glaciation (200,000 to 130,000

years ago) and enveloped the whole country. The later glacial period, known
as the Midlandian General Glaciation (75,000 to 10,000 years ago), intruded

into Ireland from the North down to an ‘east-west’ line running from the
Shannon Estuary to Arklow and also into the south eastern coastal area. Most

evidence of the earlier glacial period north of this line was removed or
covered by that of the second.

The southern quarter of the country is covered with boulder clay deposited
during the older Munsterian period. It consists of a rich soil layer covering a

rolling landscape. In some areas, this layer can be very thin in which case the
underlying rocks can have a strong local impact on the composition of the

soil.

The deposits and topography associated with the Midlandian period are far
more varied. Besides the widespread moraine deposits of boulder clay, there

are extensive drumlin deposits in south Ulster and north Leinster and the
areas around Donegal town, Ennis and Westport. There are also the eskers of
counties Kildare, Offaly, Galway and Roscommon and very widespread thick

(> 70m) deposits of glacial sands in the Curragh. Some local variations have
also had an important influence on soils. The Irish Sea Ice Sheet, which

intruded a collection of marine sediments consisting of sands, clays and
marls and marine fauna, penetrated far into county Meath and the east coast

of Wexford.

In most cases, the bulk of glacial material in the soil will have been
transported at most 5 km and much of it less than 2 km from its origin. Any
distances greater than this would be rare.

The last major ice sheet disappeared around 10,000 years ago and the
country began to warm up. This led to the development of fen peat in the
water-logged hollows surrounded by melting ice and glacial deposits. The
fen peats were gradually transformed into raised bogs. By geological
standards, this was a fairly rapid development. The development of blanket
peat in Ireland was much slower.

The Clew Bay islands in County Mayo are drumlins, glacial
deposits from the end of the last glaciation
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Soils in Ireland
The General Soil Map of Ireland and its associated explanatory bulletin were
used to discriminate nine major soil types in Ireland for this atlas. While it is
a gross simplification to only discuss nine soil types countrywide, the
simplified soil map has been used to give an indication of the distribution of
soil types in Ireland as a background for the soil geochemical interpretation.
The simplified soil types were classified and described based on the 2nd
edition of the General Soil Map of Ireland (Gardiner and Radford, 1980).

• Podzols
• Brown Podzolics
• Grey Brown Podzolics
• Acid Brown Earths
• Gleys
• Brown Earths
• Rendzinas
• Lithosols
• Peat

Podzols are formed by the leaching of nutrients from surface horizons,
usually accompanied by the translocation of finer particles to subsurface
layers. This process is called podzolisation. In essence it is the loss of the
buffering base cations, for example Ca and Mg, which leads to soil
acidification and subsequently to the leaching of Fe from the surface
horizons. Even the insoluble Al is removed by the washing out of finest clay
particles in which it is concentrated. The accumulation of Fe in subsurface
layers is sometimes concentrated into a thin layer which is commonly
referred to as an iron pan such as the one visible in the figure on the opposite
page. Podzols are typically poorly drained soils that are formed in mountain
and hill areas in Ireland.
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A podzolic soil in the Wicklow mountains on the left with a
close-up of the iron pan on the right

Brown Podzolics are similar to podzols, and have been formed under the
podzolisation process. They are less depleted than podzols, and the surface
horizon consists of a mixture of mineral and organic matter. The subsurface
horizon is typically rich in Fe and Al, although the iron pan commonly
associated with podzols is absent. They are mostly found in the South and
South East of Ireland associated with sandstones and shales.

Grey Brown Podzolics are usually formed from a calcareous parent material,
which is dissolved relatively easily, yielding alkalinity that counteracts the
effects of leaching. As a result of this, the podzolisation process is restricted
and the principal material translocated from the surface horizon to the
subsurface horizon is made up of clay particles. The texture of the
subsurface horizon is consequently ‘heavier’ than the surface horizon. Grey

Brown Podzolics in Ireland are mostly found in the centre of the country
and are underlain by pure and impure limestones.

Acid Brown Earths are brown earths which occur on lime deficient parent
materials, and are therefore acid in nature. These soils possess medium
texture, good friability, and favourable physical characteristics for
agriculture. They are found in the South, South East and the North East of
the country and are associated with sandstones and shales.

Gleys are soils with poor drainage, mostly due to high clay content. They
have developed under the influence of permanent or intermittent water-
logging. Most Gleys have poor physical conditions which make them
unsuitable for cultivation or for intensive grassland production. Gleys
occur in many parts of Ireland, often associated with shale or sandstone, but
not exclusively. Typically, they are found in wet and often low-lying areas.

Brown Earths are relatively mature, well - drained mineral soils possessing
a rather uniform profile, with little differentiation into horizons. It follows
that little leaching has occurred. However, in some cases, translocation of
soluble constituents such as Ca and Mg can occur. Brown earths are not
very common in Ireland, occurring mostly in county Galway and some
areas in county Limerick on limestone bedrock.

Rendzinas are shallow soils, usually not more than 50 cm deep, and are
derived from parent material containing over 40% carbonates. The surface
horizon often directly overlies the calcareous parent material. Rendzinas
are found on limestone bedrock but are not very common in Ireland, found
mostly in County Clare and small areas of Roscommon and Sligo.

Lithosols are thin stony soils usually overlying solid or shattered bedrock.
They are typically associated with bare rock outcrops and steep slopes.
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Their land use potential is limited to rough grazing. They are usually found
in coastal, mountain or hill areas in Ireland, often in association with podzols.

Peats are characterised by a
high organic matter content
(defined as >30% down to at
least 30 cm depth by Gardiner
and Radford (1980) and >18-
30%, depending on clay
content, by the WRB). Two
different types of peat, blanket
and basin, occur in Ireland.
Blanket peat is accumulated
under conditions of high rainfall
and humidity; conditions which
prevail over much of the west
of the country and in the upper
parts of the mountain ranges
where these soils can be found.
Two types of basin peat are
recognised, fen peats and raised
bog peats. Fen peat was formed
in basins under the influence of
base-rich groundwater and is
composed mainly of the
remains of reeds, sedges and
other semi-aquatic or woody
plants. Raised bog peat may
accumulate on top of fen peat
under suitable climatic

conditions. Basin peat occurs mostly in the centre of Ireland, in poorly
drained areas and often in association with Gleys and Grey Brown
Podzolics. Note that the occurrence of Peat as a major soil type in the soil
map of Ireland is a separate issue from the definition “organic soils” in the
statistical treatment of the soil geochemical data as mentioned above.

Eroded blanket peat in the Wicklow MountainsA deep basin peat profile
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Continuing Influences on Irish
Soils
Soils are by no means static and there are many factors which continue to
influence soil characteristics, both long- and short-term. Elements can be
added to soil due to atmospheric deposition, fertilizer addition (inorganic or
organic) or pollution sources. They can be removed through agricultural
activity, erosion, leaching and soil removal or remediation. Elements are
also circulated within the soil by plant growth and insect, worm and
microbial activity.

The mild, wet climate in Ireland is responsible for the growth of the
vegetation which forms the basis for peat soils. Warmer, drier weather and
peat excavation influence both the character and distribution of these soils.
The wet climate has and continues to contribute to the leaching of elements
down through (podzolisation) and sometimes out of the soil on local and
regional scales. Climatic deposition, be it acid rain or oceanic deposition of
salts, is an ongoing process which will influence soil chemistry.

Soils are an important habitat for a wide range
of living organisms. Given the abundance of
these organisms in soil, biological activity is
bound to influence both the physical and the
chemical properties of soils. The most
obvious example for this would be earthworm
activity which is an important factor for the
aeration of soils.

Anthropogenic activities in Ireland (e.g. farm management and mining
activity) mostly have a local impact on soil. Soil geochemistry, to a certain

point, defines the land use potential of a soil, while anthropogenic
activities such as mining, industry, urbanization and agriculture can
increase or decrease that potential. Two land use maps have been
generated to serve as a background reference for the interpretation of the
geochemical maps. Simplified land cover types were classified based on
CORINE data from the EPA for the first map. The land cover types
include pasture, arable land, forest and peat (and marshes). The principal
mining sites in the country are also presented on this map and include
metal, industrial, slate and coal deposits. A second land use map was
generated based on the description of land use recorded by the soil
samplers at each sampling point. The classifications used were bog, forest,
grass, rough grazing and tillage. The category bog refers to wet soils,
usually peats, whilst the category rough grazing covers land which can be
used for grazing but is marginal, usually due to its location in exposed
areas such as mountain or coastal regions and often on thin, depleted or
wet soils.

Some examples of land use in Ireland, clockwise from top
left: rough grazing, grass, tillage and forest
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Periodic Table of Elements
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Chemical Elements Measured
The periodic table of elements is shown opposite, with the elements
measured highlighted in bold print. Ten of the major elements which
constitute more than 99% of the elemental content of the Earth’s crust (Lide,
2005) have been underlined in the table. The concentrations of these
elements are expressed in weight percentage in this Atlas (%). The
remaining elements occur in much smaller amounts in the crust and are
referred to as trace elements. The concentrations of the trace elements, with
the exception of P and S (in %), are expressed in weight ratios (mg/kg) also
known as ppm (parts per million).

Of the trace elements measured in the soil samples, seven (Co, Cr, Cu, Mn,
Mo, Se and Zn) are essential to most organisms, although they can be toxic
where uptake is excessive. Five of the elements measured (As, Cd, Hg, Ni
and Pb) are of particular interest as they are toxic to organisms at much lower
concentrations than the essential trace elements. Six of the elements
measured (Cd, Cu, Hg, Ni, Pb and Zn) are listed in the EU Sewage Sludge
Directive which regulates the use of sewage sludge in agriculture
(86/278/EEC).

The available concentrations of elements (K, Mg and P, expressed in mg/l),
the pH (expressed in pH unit) and the SOC (expressed in %) are the soil
characteristics most likely to change in the short term as a result of land use
and management. Total concentrations of elements in soil are more likely to
change due to more long-term and irreversible processes such as erosion,
leaching, atmospheric deposition, pollution and soil removal or remediation.

The distribution of the elements in Irish soils has been interpreted as far as
possible using expert opinion, literature and background information. Relative
levels of the elements in the soils were considered in an Irish context for the

interpretation. Typical background concentrations of the elements in
unpolluted soils have been given as a reference where possible. It should be
remembered that background concentrations are dependent on the soil
parent material, organic matter content and sand, silt and clay content of
soils, and hence may vary greatly without any anthropogenic influences.
The specific level considered for the purpose of any discussion is always
defined in brackets. Summary statistics are also shown for each element to
give an overview of the occurrence of the element in Irish soils.

An alphabetic list of chemical symbols of the elements measured and their
English names is shown in the table below. SOC and pH are considered
basic soil characteristics and, as such, have been discussed separately
preceding the other elements. All the elements have been interpreted
separately and are ordered alphabetically according to their chemical
symbols. K, Mg and P differ slightly from the other measured elements in
their interpretation in that both the available and the total concentrations
were measured for these elements, whereas only total concentrations were
measured for all other elements.

Al aluminium La lanthanum Se selenium
As arsenic Li lithium Sn tin
Ba barium Mg magnesium Sr strontium
Ca calcium Mn manganese Ta tantalum
Cd cadmium Mo molybdenum Th thorium
Ce cerium Na sodium Ti titanium
Co cobalt Nb niobium Tl thallium
Cr chromium Ni nickel U uranium
Cu copper pH phosphorous V vanadium
Fe iron Pb lead W tungsten
Ga gallium Rb rubidium Y yttrium
Ge germanium S sulphur Zn zinc
Hg mercury Sb antimony
K potassium Sc scandium
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Maps
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A deep Basin Peat
profile under heather
scrub in Ireland.
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SOC Soil Organic Carbon

For al l practical purposes , the absolute amount of C on
ear th is constant , but wil l vary over space and time
depending on the stage in the C cycle . An important par t of
the C cycle is the release of CO2 (e .g. decay, burning,
respirat ion) and the consumption of this by plants . C is
present in both its organic and inorganic forms in soi ls , the
organic forms being the most prevalent and important .
Organic C is both consumed and deposi ted by the l iving
organisms present in soi l systems. C cycles in soi ls are
dependent on land use and management .

Soi l organic carbon (SOC) is the main component of soil
organic mat ter (SOM). The conversion factor from SOC to
SOM is approximately 1.72 ( i .e . SOM=1.72*SOC),
depending on the soi l . A depleted SOC content (<2%) can
resul t in low soi l fert i l i ty and poor soil physical qual i ty,
whi ls t soils with a high soi l carbon content (>30%) tend to
have a lower soi l densi ty and are of ten wet, peaty and acid,
which can rest r ict their use from an agricul tural point of

view. SOC was measured for each sampling point in this
s tudy. For stat is t ical analysis purposes , a l l soi ls were
separated into mineral (<15% SOC) and organic (>15%)
soi ls . This is sl ight ly lower than the 30% SOM (±17%
SOC), used to clas si fy peat by Gardiner and Radford
(1980) .

min 5% 25% 50% 75% 95% max
all soils 1.40 2.86 4.92 7.00 14.26 48.01 55.80
mineral 1.40 2.69 4.47 5.93 7.66 12.03 14.83
organic 15.07 15.97 23.53 36.02 47.33 52.15 55.80

Table showing the minimum and maximum and some of the most
important percentiles for the SOC content in %

Carbon is a non-metallic element which has the unique characteristic that it fo rms stable compounds
with a wide variety of elements at ambient earth temperatures. Apart from carbon monoxide, carbon
dioxide and carbonates, almost all C compounds also contain H. These compounds form the basis for all
organic chemistry. C occurs as a pure element in different allotropic forms. Diamonds, the hardest
known mineral, are used in jewellery and for industrial purposes, whilst graphite, one of the softest
known minerals, is used in pencils, pigments and as a lubricant. Although the element is not toxic,
poisonous compounds of the element exist, such as carbon monoxide, cyanide and many hydrocarbons
such as e.g. benzol and formalin.
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The soi ls classi fied as organic soils in this s tudy (>15%
SOC) coincide qui te wel l with the peat soils on the western
seaboard, in the midlands and in mountainous areas of the
country. Hammond 's (1978) Peatlands Map is shown here
as i t i l lust rates the relat ionship between these organic soi ls
and the peat soils of Ireland. SOC contents below 6% in
Ireland occur most ly in areas where more intensive
agr icul ture is practised, such as the South East , Cork and
the North East . This is coincident with a nat ional survey of
mineral soi ls reported by Brogan (1966) , which del ineated
an area in the southern agricul tural ly- intensive region with
a relatively low mean SOC value of 4.5%.
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The pH of a soil gives a measure of the concentration of [H+] ions in
its soil solution. pH is an important soil property which will
influence the fertility and potential land use of a given soil.

pH Soil pH

Bog Forest Grass Rough grazing Tillage
3.9 4 5.5 4.8 6.4

Table showing the median pH values for each land use type
as classified for the sites

The majority of the soils in this study with a pH>6 occur in the
South East of the country, where tillage is the predominant
agricultural activity. pH values higher than 6 are also partially
associated with the limestone distribution on the simplified rock
type map, particularly in the Galway region. The Pearson’s
correlation coefficient (r min) for Ca and pH was 0.7, showing a
significant relationship between the two. pH values lower than
5 in this study corresponded well with the blanket peat and
podzol areas of the western seaboard, parts of the midlands and
the Wicklow Mountains.

The median pH values for each land use shown below indicate
the relationship between pH and land use. Peat soils tend to be
more acidic, whilst soils on which intensive agriculture is
practised will often have a high pH: soils with an inherent basic
character are more productive and are thus preferentially used
for tillage. Lime treatments ensure a continuous high pH.

min 5% 25% 50% 75% 95% max
all soils 3.20 3.70 4.60 5.30 6.10 7.00 7.70
mineral 3.40 4.40 5.00 5.50 6.20 7.10 7.70
organic 3.20 3.50 3.80 4.20 4.80 6.20 7.20

Table showing the minimum and maximum and some of the most
important percentiles for pH in pH unit
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Al Aluminium

Aluminium levels above 4% in Irish soils are associated with the
finer sandstones and shales in the North East (greywackes) and
in western Cork, Limerick, Kerry and Clare. Igneous rocks and
sandstones and shales in the South East are also associated with
Al levels above 4%. In the North, schists have a high Al content
related to the feldspar present in these rocks. Al levels in Irish
soils below 3% are predominantly found on limestone. The Al
levels in the Podzols, Lithosols and Peats along the whole of the
western seaboard are also below 3%. Low levels of Al are to be
expected in the upper layers of Podzols as Al and Fe are leached
into the lower layers of these soils. The distribution of Al in
Irish soils follows a pattern which recurs in similar forms for
many of the measured elements. This is illustrated in the table
with Pearson’s correlation coefficients (r), which shows all the
elements which had a strong correlation with Al in their
distribution patterns (rmin ≥0.7 for mineral and rorg ≥0.85 for
organic soils, see Statisitical Analysis, pg 4).

min 5% 25% 50% 75% 95% max
all soils 0.06 0.20 2.21 3.48 4.89 6.65 9.74
mineral 0.34 1.93 2.96 4.01 5.24 6.93 9.74
organic 0.06 0.11 0.23 0.85 2.34 5.00 7.00

Table showing the minimum and maximum and some of the most
important percentiles for total Al concentrations in %

Aluminium is the most abundant metal and the third most abundant element in the
earth's crust of which it makes up more than 8% (Lide, 2005). The main ore from which
Al is commercially extracted is bauxite. Al occurs naturally in igneous rocks and shale,
the parent material of most clay soils. It has many uses in both metal and compound
form from aeroplane construction to deodorant, paint, packaging, wiring and cooking
ware. Al is present in most food, but has not been found to be an essential element for
any biological processes. Al compounds are toxic to most plants and slightly toxic to
animals. Al can stunt plant growth on acid soils.

Element r min r org

Ba 0.75 0.86
Ce 0.82 0.97
Cr 0.74 0.92
Fe 0.74 0.74
Ga 0.96 0.94
Ge 0.77 0.89
K 0.81 0.96
La 0.75 0.96
Li 0.71 0.88
Na 0.59 0.85
Nb 0.70 0.98
Rb 0.87 0.98
Sc 0.88 0.96
Sn 0.73 0.71
Ta 0.77 0.95
Th 0.87 0.98
Ti 0.78 0.97
V 0.80 0.93
W 0.77 0.89
Y 0.13 0.86

Table showing the Pearson’s
correlation coefficients for Al
with other elements for soils
where r min >0.75 and/or
r org >0.85
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As Arsenic

The mean background As concentration reported for soils
worldwide is 11.3 mg/kg (Bowen, 1982). Levels above
12mg/kg in the soils in the area stretching from Dublin to
eastern Waterford are probably largely due to the association
of As with sesquioxides from Cu mining. There is an
association between high levels of As and Cu on the south
coast of Cork, and this is probably related to the incidence of
historic Cu mining activities. The regional elevation of As in
Limerick is associated with Carboniferous volcanic activity.
Areas of known gold deposits tend to have high values of Sb
and As. This is the case in County Monaghan along the
Armagh border (>12mg/kg). Naturally occurring relatively
high Pb values (>50mg/kg) are also present in this area. Levels
of As below 6mg/kg are coincident with peat areas in Kerry,
Galway, Mayo and Donegal. Three As values in excess of
100mg/kg were detected. However, even the highest
concentration measured, 173mg/kg, was considered to be below
the level at which it would be likely to impact on the health of
animals and humans.

min 5% 25% 50% 75% 95% max
all soils <0.2** 1.43 4.41 7.25 10.66 21.90 122.70
mineral 0.53 3.07 5.74 8.00 11.16 22.47 111.21
organic <0.2** 0.78 1.67 2.87 6.47 19.06 122.70

**One sample analysed was below the detection limit of 0.2 mg/kg for As

Table showing the minimum and maximum and some of the most
important percentiles for total As concentrations in mg/kg

Arsenic occurs naturally in minerals and soil in small amounts and is often found in ores with Cu and Pb.
As has very similar elemental properties to P and occurs in many different forms, both organic and
inorganic. Sources of As in the environment are Pb and Cu mining, volcanic eruptions and the burning of
fossil fuels. As and its compounds are used in pesticides, herbicides, insecticides, batteries, semi-
conductors and LED's. As is an essential element for humans and animals, but only at very low levels. It is
toxic and a well known poison. Both the metal and its compounds are toxic, although the organic
compounds are less so.
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Ba Barium

T ypic a l b ac kgr ou nd c o nce nt r a t i o ns o f B a i n so i l w ere
d e t e r min ed as 1 00 mg/ kg b y U re (1 99 1) . Le ve l s o f B a
a bo ve 2 50 mg/ kg i n I r i sh s o i l s c o inc i de w i th t he
gr e yw ac kes i n t he N o r th Ea s t a nd gr e yw ac kes an d
i gn eo us ro c ks i n th e S ou th E as t . S i mi l a r l e ve l s a r e a l so
c o i nc id en t w i th ma rb l es in D on e ga l . R e l a t i ve l y h i gh
l e ve l s a r e kno w n to o cc ur in th e mi d l a nds a l on g th e bas e
o f th e L o wer Pa l eo zo i c i n l i e r s ( s ha l e s an d s an ds t on es ) ,
w h ere the ac i d i c w a te r s d ra i n in g t he e l e va t ed a re as co me
i n to c on t ac t wi th th e a l ka l i ne -n e u t r a l s o i l s o ve r l y i n g th e
l i me s t one s fo r min g th e va l l e y f l oo r s . T h e c ha n ge f ro m
n eu t r a l / a l ka l i n e c ond i t i o ns c au ses p re c ip i t a t i on of th e
d i s s o l ved me ta l c on t e n t p r in c ip a l l y Ba , P b a nd Zn . Co-
p rec ip i t a t e s c o mmo n l y i nc l ud e Co , N i an d A s . Ba ma y
a l so b e so me w ha t e l e va t ed i n s o i l s de r i ved f r o m
l i me s t one , e spe c i a l l y w h e n t he l a t t e r a r e c l ose t o a
mi n e r a l i s a t i o n .

min 5% 25% 50% 75% 95% max
all soils 6.6 21.3 141.7 230.2 305.6 454.5 1296.9
mineral 54.0 110.7 188.4 253.1 329.0 473.9 1178.9

organic 6.6 11.4 25.9 85.1 192.1 329.1 1296.9

Table showing the minimum and maximum and some of the most
important percentiles for total Ba concentrations in mg/kg

Barium is quite a common trace element that is found naturally in soil . It can be i ntroduced into the

environment through refining and mining processes, industries where Ba compounds are used and the

burning of fossil fuels. Ba and its compounds have many applications including the production of

paints, rubber, t i les, spark plugs, f luorescent lights, f ireworks, bricks, as a lubricant for dri l ls in the

oil industry and in X-ray diagnostic work. Ba has no known biological role . Forms of Ba which are

soluble in water and acid can be harmful.
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Ca Calcium

Ca levels above 0.45% in Irish soils are associated with
limestone areas, as might be expected. The Ca
concentrations were quite strongly correlated with the soil
pH (rm i n = 0.7) in the samples taken. As the Ca content
decreases in soils, H+ ions replace the Ca cations and the soil
becomes more acid. Levels of Ca below 0.3% coincide most
prevalently with the Old Red Sandstones in the South West
and the Peat soils in Galway, Mayo and Roscommon.

min 5% 25% 50% 75% 95% max
all soils 0.03 0.10 0.23 0.36 0.61 2.59 26.63
mineral 0.03 0.12 0.24 0.37 0.58 2.19 26.63
organic 0.04 0.09 0.19 0.31 0.91 2.85 16.19

Table showing the minimum and maximum and some of the most
important percentiles for total Ca concentrations in %

Calcium is the fifth most abundant element in the Earth's crust (Lide, 2005). It is common in
sedimentary rocks, in the minerals calcite, dolomite and gypsum and is also present in many silicate
minerals of igneous and metamorphic rocks. It occurs naturally in most soils, and can be lost through
leaching, crop uptake and removal or by erosion. It is added to soils in the form of lime to increase their
pH, to improve drainage and to provide plants with a source of Ca. Ca and its compounds can be found
in a wide range of products including cement, alloys, crayons, insecticides, plastics and fertilizer. Ca is
essential for living organisms and is the most common metal in many animals where it is mostly stored
in bones and teeth.

Calcite (CaCO3) vein in a
limestone rock in Co. Clare 1 cm
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Cd Cadmium

Background concentrations of 0.8 mg/kg were reported for Cd
by Crommentuijn (1997) for unpolluted soils in the
Netherlands. Soil Cd concentrations greater than 1mg/kg in
Ireland frequently occur in soils derived from a belt of
limestone shale stretching from North Clare to South West
Limerick (McGrath, 1996). In North Clare, elevated Cd may
be related to phosphate material of the Clare Shales. The
levels of Cd above 1mg/kg in Dublin, Kildare, Meath,
Westmeath, north Tipperary and Roscommon are attributed to
underlying impure limestone geology in these areas. Similar
high levels in counties Monaghan and Limerick are due to
volcanic material in the soil. 15% of Irish soils exceed the EU
threshold limit for Cd in soil of 1 mg/kg. It is believed that
this is mostly due to naturally high background levels and only
on rare occasions to human activities. The median values for
Cd in Ireland are similar to the 0.33 mg/kg reported for
Northern Ireland (Jordan et al. 2002).

min 5% 25% 50% 75% 95% max
all soils <0.02** 0.11 0.21 0.33 0.64 1.65 15.15

mineral <0.02** 0.11 0.22 0.36 0.72 1.65 15.15
organic 0.05 0.10 0.19 0.29 0.53 1.59 6.92

Table showing the minimum and maximum and some of the most
important percentiles for total Cd concentrations in mg/kg

**One sample analysed was below the detection limit of 0.02 mg/kg for Cd

In the environment, Cadmium often occurs in association with Zn. Natural sources of Cd are rock
weathering, volcanoes and forest fires. Industrial release of Cd occurs as a by -product from mining,
smelting and the production of phosphate ferti lizers. Cd and its compounds are used in Ni -Cd
batteries, for pigments, plating and coating. Cd has no known biological role, but Cd and its
compounds are toxic even at low concentrations, and can bio-accumulate in organisms and ecosystems.
Uptake of the metal differs between plan ts. Soils with values in excess of 1 mg/kg Cd are prohibited
from having sewage sludge spread on them by the provisions of the EU Sewage Sludge Directive
(86/278/EEC).
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Ce Cerium

The distribution of Ce in Irish soils is very similar to La
(rm i n = 0.96), i ts neighbouring element on the periodic table
of elements and an element with similar properties. They
have a similar distribution to Al, with relatively high levels
above 40mg/kg coincident with the greywackes in the North
East and greywackes and rhyoli tes in the South East and with
sandstone and shale in the South West. Similar levels in
Donegal are coincident with Ca rich schists and coincide
here with relatively high levels of Ba, Th and Sr. Lower
levels of Ce, below 30mg/kg, are associated with Peat soils
and soils underlain by limestone, the former most
prevalently in Galway and Mayo.

min 5% 25% 50% 75% 95% max
all soils 0.60 1.90 22.30 348.00 46.60 62.30 136.40

mineral 3.70 20.10 30.40 39.50 49.10 64.10 124.60
organic 0.60 1.00 2.20 8.70 23.10 48.00 110.40

Table showing the minimum and maximum and some of the most
important percentiles for total Ce concentrations in mg/kg

Cer ium is the most abundant e l ement o f the rare me ta l g roup . Some o f i t s uses are i n me ta l

a l l oys to make them heat re s i s tant , g l ass and ce ramic manufac ture and as an add i t i v e to d ie se l

fue l . I t has no known bio l og i ca l ro l e .
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Co Cobalt

Co concentrations are reported to vary between 0.5 and 3 mg/kg for
sandy soils and 20-30 mg/kg for clay soils (Beeson et al., 1965)
and background concentrations of 9 mg/kg were reported for Co by
Crommentuijn (1997) for unpolluted soils in the Netherlands.
Levels of Co in Irish soils in the North East and South East above
10mg/kg are attributed to volcanic material in the greywackes,
while volcanic material in East Limerick explains similar levels
there. Co is often associated or co-precipitated with Ba, Pb, Zn, Fe
and Mn. Many hill land soils with inherently low Co contents such
as those found in Donegal, Mayo, Galway and Kerry, are further
depleted in Co by podzolisation. During the podzolisation process
Co is leached from the top soil and deposited deeper in the soil.
These soils are often overlain by Peat soils used for rough grazing,
where Co deficiency in livestock, particularly sheep, can be a
problem. Levels of Co in limestone soils are very variable
depending on the purity of the parent rock. Contents in shale soils
range from low to quite high, depending on whether the shales are
sandy or clayey.

min 5% 25% 50% 75% 95% max
all soils 0.20 0.50 3.00 6.20 9.70 15.10 58.70
mineral 0.50 2.00 4.90 7.50 10.60 15.50 58.70
organic 0.20 0.30 0.50 1.30 3.40 11.90 33.20

Table showing the minimum and maximum and some of the most
important percentiles for total Co concentrations in mg/kg

Cobalt is introduced into the environment through fossil fuel burning, seawater, volcanic eruptions and
forest f ires. Any industrial activity which uses Co or its derivatives will also be a potential source.
The main industrial uses for Co are in paint driers, alloys, ground coats for enamels and coloured
pigments. Radioactive isotopes of Co are also used in nuclear medicine and research. Co is a central
component of vitamin B12 which is an essential part of all human and animal diets. Ruminant animals
such as cows, sheep, goats and deer produce vitamin B 12 from Co extracted from the plant matter in
their diets. Soils low in Co can lead to vitamin B 12 deficiency and higher disease risk in grazing
animals.
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Cr Chromium

Background concentra t ions of 100 mg/kg were repor ted for
Cr by Crommentui j n (1997) for unpol lu ted soi l s in the
Nether lands . Levels of Cr higher than 50mg/kg in the
Nor th East of Ire land can be a t t r ibuted to volcanic
mater ia l in the greywackes , and in the South Eas t to the
presence of igneous rocks . Simi la r leve l s in eas te rn
Limer ick are due to the presence of the under lying basa l t s
of Carboni ferous age. Cr leve l s be low 35mg/kg in Ir i sh
soi l s a re most ly assoc iated with areas wi th under lying
l imes tone geology. General ly, the Cr concentra t ions
measured in the Ir i sh samples are cons idered to be
innocuous , and the median value for Cr reported in th is
s tudy for minera l soi l s i s s imi la r to those of Northern
Ire land (46 .5mg/kg, Jordan e t a l . , 2002) , Scot land
(41 .4mg/kg, Pa terson e t a l . , 2002) and England and Wales
(39 .3mg/kg, McGrath and Loveland, 1992) .

min 5% 25% 50% 75% 95% max
all soils <2* 2.60 25.20 42.60 58.60 86.80 221.70
mineral 6.70 20.80 36.30 48.90 63.70 90.30 221.70
organic <2* <2* 3.00 9.80 26.10 53.50 114.30

Table showing the minimum and maximum and some of the most
important percentiles for total Cr concentrations in mg/kg

**44 samples analysed were below the detection limit of 2 mg/kg for Cr

Chromium exists in different forms, of which Cr (III) and hexavelent Cr (VI) are the most common. Most
naturally occurring Cr is Cr (III) and is found in rocks, soil , volcanic dust and living organisms. Cr (VI)
is usually only present as a result of industrial activity. Cr is used to make alloys more corrosion
resistant, as a colorant in dyes and paints, for chrome plating and in magnetic tape. The different
forms of Cr have different effects on the environment and human health. Chromium metal and Cr (II I)
compounds are not usually considered health hazards and Cr (III) is an essential nutrient required by
humans in very small amounts. Cr (VI) compounds are c arcinogenic and can be toxic if orally ingested
or inhaled.
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Cu Copper

Uncontaminated soils will usually contain between 6 and 60
mg/kg Cu (Kabata-Pendias and Pendias, 1985). Levels above
30mg/kg in soils in the North East of Ireland and Dublin are
attributed to volcanic material in the greywackes. Cu has been
mined in Ireland for over 4,500 years. Cu deposits in Ireland
were always of the (localised) vein-type, but the areas
surrounding the deposits and the soils in the general area may
well have elevated Cu contents. Very slightly elevated Cu
values are present over broad areas in east Wicklow and along
the Waterford coastline. Localized high Cu concentrations
exceeding 100mg/kg are coincident with historic mining areas
in west Cork. Leaching and podzolisation leads to Cu
depletion in soils. Organic-rich soils generally have a very low
Cu status and benefit from the addition of Cu as fertiliser. Cu
levels below 10mg/kg are clearly evident in areas with Peat
soils in Ireland. The median value for Cu reported in this
study for mineral soils, is similar to that reported in the
geochemical soil survey of England and Wales (18.1 mg/kg,
McGrath and Loveland, 1992).

min 5% 25% 50% 75% 95% max
all soils 1.10 3.50 9.50 16.20 24.70 45.90 272.40
mineral 1.80 6.40 12.50 18.60 26.20 46.10 272.40
organic 1.10 2.30 3.90 6.70 13.00 41.10 147.30

Table showing the minimum and maximum and some of the most
important percentiles for total Cu concentrations in mg/kg

Copper occurs and spreads naturally in the environment, for example through the decay of vegetation, forest
fires or sea spray. Activities such as mining, metal production, fossil fuel burning, phosphate fertilizer
production and the spreading of sewage sludge and pig slurry introduce Cu into the environment. Cu and its
compounds are used for electrical equipment, construction, alloys, coins, biostatic surfaces in hospitals,
fungicides and fire extinguishers. Cu is an essential element for all plants and animals and is widely used in
feed additives for farm animals. At high concentrations, Cu and all its compounds can be toxic, particularly
for sheep and young calves. The sewage sludge Directive and national regulations set a limit value of 50
mg/kg DM of soil for Cu on soils receiving sewage sludge amendments (EEC, 1986).
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Fe Iron

The median Fe concentration reported for soils by Murad and
Fischer (1988) is 3%. In Ireland, levels of Fe above 3% are
mostly found in soils overlying the greywackes in the North
East and the South East . Igneous rocks in the South East and
the fine sandstones and shales in western Cork and Kerry
explain Fe levels above 2.5%. Similar levels in County
Limerick are the result of chemical deposit ion. Waters
draining sandstone dominated areas precipitate dissolved Fe
in a similar way to Mn when they encounter the more
alkaline soils on the f lanks and floors of the valleys. Since
Fe (and Mn) hydroxides and hydrated oxides often act as
scavengers for other metal oxides and hydroxides, Co, Ni
and Zn are commonly co-precipitated. Although the
correlation coefficients for these elements with Fe are not all
high, high levels of Co (>7.5mg/kg), Ni (>30mg/kg) and Zn
(>80mg/kg) can be observed in this same area in the west of
county Limerick. The Brown Earths which occur in Galway
and Mayo are quite Fe- rich with levels above 2%. Two areas
of localized, as yet unexplained relatively high Fe

concentrations exceeding 10% are visible on the
Offaly/Westmeath border on the data point map. Levels of
Fe below 1.5% are found in Roscommon and parts of Mayo,
Galway and Clare which are underlain by pure limestone.

min 5% 25% 50% 75% 95% max
all soils 0.05 0.20 1.14 1.87 2.59 3.80 19.43
mineral 0.23 0.79 1.51 2.07 2.73 3.80 5.54
organic 0.05 0.10 0.23 0.77 1.63 3.56 19.43

Table showing the minimum and maximum and some of the most
important percentiles for total Fe concentrations in %

I ron i s the second most abundant me ta l and four th most abundant e lement in the ear th ’ s c rus t
o f wh ich i t makes up more than 5% (L ide , 2005 ) . Fe i s the most commonly used me ta l . I t s
produc t i on cons t i tu te s 95% o f a l l me ta l produc t i on . I t i s mos t commonly used in i t s a l l oys , fo r
example : cas t i ron , wrought i ron and s te e l . I t i s a durab l e and at the same t ime re la t i ve l y
inexpens i ve me ta l . I t i s an essent i a l e l ement fo r a l l known organ isms . A l though excess i ve Fe i s
tox i c to humans , Fe -de f i c i ency i s much more common and resu l t s in anaemia . Excess Fe in take
can lowe r Cu and Zn absorp t i on by an imals .
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Ga Gallium

The Ga values measured correlate st rongly with those
measured for Al (r m i n = 0.96) and the dis t r ibut ion pat tern
for the two elements is very similar . Levels of Ga above 10
mg/kg are coincident with the greywackes in the North East
and greywackes and rhyol i tes in the South East as well as
with sandstones and shales in Cork, Kerry, Limerick and
Clare and Ca- r ich schis ts in Donegal . Levels below 7.5
mg/kg are associated with Peats , Li thosols and Podzols in
mountain and hi l l areas and Grey Brown Podzol ics and
Peats on l imestone bedrock.

min 5% 25% 50% 75% 95% max
all soils <0.1* 0.60 5.66 8.46 12.47 17.76 25.16
mineral 0.98 5.15 7.03 9.89 13.24 18.18 25.16
organic <0.1* 0.17 0.72 2.52 5.85 12.99 21.51

Table showing the minimum and maximum and some of the most
important percentiles for total Ga concentrations in mg/kg

**10 samples analysed were below the detection limit of 0.1 mg/kg for Ga

Gallium occurs in trace amounts in bauxite, coal and Zn ores and also in most soils. It is used in low
melting alloys, plutonium pits in nuclear weapons, analogue integrated circuits, diodes and bril liant
mirrors. Ga is present in small amounts in the human body but has no known biological role. Though
Ga is not considered toxic, l ittle is known about it.
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Ge Germanium

The distribution of Ge in Irish soils follows a similar pattern
to a large group of elements including Al, with levels above
1.5mg/kg coincident with sandstones and shales, al though
with relatively higher concentrations in the South West
(>1.8mg/kg) and lower in the North East (<1.8mg/kg).
Levels of Ge below 0.9 mg/kg are coincident with Grey
Brown Podzolics in Offaly, Roscommon and Galway, and
with Peats, Podzols and Lithosols in hil l , mountain and
coastal areas in the West of Ireland.

min 5% 25% 50% 75% 95% max
all soils <0.1** <0.1** 0.86 1.26 1.55 2.00 2.58
mineral <0.1** 0.80 1.14 1.39 1.63 2.06 2.58
organic <0.1** 0.05 0.12 0.33 0.77 1.42 2.09

Table showing the minimum and maximum and some of the most
important percentiles for total Ge concentrations in mg/kg

**72 samples analysed were below the detection limit of 0.2 mg/kg for Ge

Germanium, similar to Ga, is usually widely dispersed in minerals and thus difficult to isolate. It is
found in coal and in Zn ores and in trace amounts in most soils. It is used in wide-angle and microscope
objective lenses, infra-red optical material and some alloys. Ge has been thought to have health
benefits, but these have never been proven. Inhalation of Ge gases can be detrimental to health. Ge is a
heavy metal and is thought to have a negative impact on certain bacteria and on aquatic ecosystems.
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Hg Mercury

Background concentrations of 0.3 mg/kg were reported for
Hg by Crommentuijn (1997) for unpolluted soils in the
Netherlands. According to expert opinion, Hg
concentrations in Irish soils below 0.2 mg/kg can be
considered background concentration and above 0.4 mg/kg
should be considered significantly elevated. Levels above
0.15mg/kg in soils in Dublin and Wicklow are attr ibuted to
an anthropogenic effect (urban and historic mining). Hg has
been shown to be associated with some of the Zn-Pb deposits
present throughout the midlands and with the sulphide
deposits in Wicklow. Slightly elevated levels of Hg
(>0.12mg/kg) were observed associated with Peat soils. The
majority of soils (90%) analysed in this study had Hg
concentrations lower than 0.2mg/kg. Three extreme values
greater than 1mg/kg, visible on the point map, were observed
in this study.

min 5% 25% 50% 75% 95% max
all soils <0.02** 0.02 0.06 0.09 0.13 0.24 3.45
mineral <0.02** 0.02 0.05 0.08 0.10 0.19 3.45
organic <0.02** 0.03 0.10 0.14 0.19 0.30 2.55

Table showing the minimum and maximum and some of the most
important percentiles for total Hg concentrations in mg/kg

**11 samples analysed were below the detection limit of 0.02 mg/kg for Hg

Mercury occurs naturally in the environment as Hg salts, metal or organic compounds. Although it does
enter the environment naturally through weathering processes, most Hg is introduced through the
burning of fossil fuels, mining and smelting and through the disposal of waste containing Hg. It has
been and sometimes still is used in thermometers, dental fillings, disinfectants, barometers, diffusion
pumps and fluorescent lamps. Hg has no known biological role but is widespread in most food chains. Hg
and most of its compounds are highly toxic. It accumulates in fish tissue as methyl mercury. The upper
limit for the concentration of Hg in soil under the EU Sewage Sludge Directive is 1 mg/kg DM in a
representative sample (EEC, 1986).
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K Total Potassium

The total K content of mineral soils usually ranges from
0.04% to 3% (Helmke and Sparks, 1996). The total K
concentrations measured in this study seemed higher than
expected, but this is due to the use of hydrofluoric acid (HF)
in the digestion procedure for the samples, which dissolved
sil icate minerals including the K-rich feldspar and mica.
These are among the principal consti tuents of granites,
schists, greywackes, sandstones, and the clay minerals.
Levels above 1% in Donegal are attr ibuted to the feldspars in
the local schist and granite. Similar levels in the North and
South East are associated with fine feldspars in the
greywackes, shales and granites and in southern Cork. They
are probably due to the micas in the under lying shales and
sil tstones. Levels of K below 0.5% are coincident with soils
on limestone bedrock.

min 5% 25% 50% 75% 95% max
all soils 0.02 0.08 0.59 0.98 1.33 1.85 2.64
mineral 0.10 0.50 0.81 1.11 1.42 1.90 2.64
organic 0.02 0.05 0.09 0.26 0.67 1.33 2.39

Table showing the minimum and maximum and some of the most
important percentiles for total K concentrations in %

Po tass ium is a major e lement and the e ighth most abundant in the ear th 's c rust (L ide , 2005) . I t
occurs in many minera ls and sal ts and due to i ts so lubi l i ty i s readi ly avai lab le in sea wate r . The
main source o f K is potash . K and i ts compounds have many uses inc luding fe rt i l i ze r ,
gunpowder , g l ass manufacture , de te rgents , dyes , photographic f i lm, f i reworks and baking powder .
K is an essent i a l macronutr ient fo r bo th animals and plants . I t regu lates f lu id and e lec tro ly te
balances and ass is t s musc le contract ions in animals . K -de f i c i ency in plants leads to s tunted
growth and reduced y ie ld whi le excess ive wate r so luble K in so i l w i l l damage germinat ing seeds
and reduce crop qual i ty .
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K Available Potassium

The spatial coherence for the available K, similar to that of
available P, was insufficient for a spatial distr ibution map to
be generated, therefore only data point maps are presented
here. The maps for available K are shown separately for the
mineral and the organic soils. Local soil management
practices, including fert i l izer application, influence the
availabil i ty of K strongly, which explains this lack of
coherence.

min 5% 25% 50% 75% 95% max
all soils 4.66 45.52 82.51 124.01 181.95 312.77 949.23
mineral 20.62 45.12 81.21 125.44 183.57 311.76 949.23
organic 4.66 49.27 87.33 119.84 177.14 317.19 535.93

Table showing the minimum and maximum and some of the most
important percentiles for available K concentrations in mg/l

See text for total Potassium on pg 52
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La Lanthanum

The dis t r ibut ion of La is very simi la r to Ce (rm i n = 0.96) .
They have a s imi lar di s t r ibut ion to Al , with relat ive ly high
leve l s above 25mg/kg coinc ident wi th the greywackes in
the Nor th Eas t , greywackes , sha les and rhyol i t es in the
South East and with sandstones and shales in Cork,
Limer ick and Clare . Simi la r leve l s in Donegal are
coincident with Ca-r ich schis ts an d coincide wi th
re la t ive ly high leve l s of Ba, Th and Sr . Levels of La
below 15mg/kg are associa ted wi th Grey Brown Podzol ic
so i l s on l imes tone and wi th Li thosols , Podzols and Peat
so i l s , mos t preva lent ly in Galway and Mayo.

min 5% 25% 50% 75% 95% max
all soils <0.5** 1.10 12.70 20.00 25.40 33.10 75.20
mineral 3.00 11.40 17.30 22.10 26.90 34.00 75.20
organic <0.5** 0.60 1.30 5.30 12.90 25.90 36.50

Table showing the minimum and maximum and some of the most
important percentiles for total La concentrations in mg/kg

**12 samples analysed were below the detection limit of 0.5 mg/kg for La

Lanthanum is a very reactive metal, and one of the more abundant rare earth metals. It occurs in
many of the same minerals as Ce. They are neighbouring elements on the periodic table of elements
and chemically similar. La is used in carbon lighting for projection in the fi lm industry, glass
manufacture and petrol catalysts. It has no known biological role but its compounds are used in
medication to absorb excess phosphate and anticoagulants. It has a low to moderate toxicity level.
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Li Lithium

Concentrat ions of Li in soi l s would normal ly be between
20 and 30 mg/kg (Helmke and Sparks , 1996) . Levels
above 40mg/kg in Ir i sh soi l s can espec ial ly be observed in
the South East and coincide with the Leins ter Grani te and
adj acent areas . This region was prospected for spodumene ,
a mineral which is a commerc ial source of Li . Levels
above 20mg/kg are evident in the soi l s over lying the
greywackes in the Nor th East and the shales in the South
West . Levels of Li be low 20mg/kg are associated with
Peats , Li thosols and Podzols in mounta in and hi l l areas
and Grey Brown Podzol ics and Peats on l imes tone bedrock.

min 5% 25% 50% 75% 95% max
all soils <2** <2** 10.70 19.70 29.10 54.20 155.40
mineral <2** 9.20 16.70 22.80 32.10 59.60 155.40
organic <2** <2** <2** 2.80 8.90 26.80 142.20

Table showing the minimum and maximum and some of the most
important percentiles for total Li concentrations in mg/kg

**137 samples analysed were below the detection limit of 2 mg/kg for Li

Lithium is an alkali metal and hence highly reactive, particularly with water. It occurs in small
amounts in most igneous rocks. Li is used in rechargeable batteries, alloys, lubricants, as a desiccator
and in mood-stabil izing drugs. Li has been found to be an essential trace element for goats, and
possibly rats. Like the other alkali metals, Li in its pure form is highly flammable and corrosive to the
skin, causing burns.
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Mg Total Magnesium

Levels of total Mg above 0.6% in the North East are
attr ibuted to the presence of basic volcanic material within
the greywackes, and glacial t i l l of Irish Sea origin. Levels
in the South East greater than 0.4% are indicative of the
marine derived glacial mud. Similar values in Donegal are
probably due to the presence of marbles and other Mg
bearing minerals within the schists. Levels of total Mg
below 0.3% are found in the West of the country.

min 5% 25% 50% 75% 95% max
all soils 0.04 0.11 0.20 0.30 0.43 0.82 2.10
mineral 0.05 0.15 0.25 0.35 0.47 0.87 2.10
organic 0.04 0.08 0.13 0.17 0.22 0.44 1.08

Table showing the minimum and maximum and some of the most
important percentiles for total Mg concentrations in %

Magnes ium is the seventh most common e lement in the ear th ' s c rust (L ide , 2005) . I t i s a lso the
th i rd most p lent i fu l e lement d isso lved in sea wate r . Mg in meta l fo rm is used fo r many
appl i ca t ions , most important ly in a l loys , par t i cu lar ly for a i rp lane and miss i l e const ruct ion . Mg
compounds are found in des iccants , f i rew orks , d is in fec tants and medic ines . Mg is essent ia l to
a l l ce l l s o f a l l known l iv ing organisms . I t i s a lso an essent ia l cons t i tuent and an act ivato r o f
more enzymes than any other e lement . Hypomagnesaemia, at t r ibuted to de f i c i ency o f Mg in
graz ing animals , i s aggravated by an excess o f K .
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Mg Available Magnesium

The spat ial dis tr ibution map of avai lable Mg shows that i t
i s part icular ly enr iched, with values above 200mg/l along
the western seaboard and in Wexford. The former is due to
the prevai l ing wester ly winds blowing the Mg-enriched
seawater spray over land, ei ther as rain or in the wind,
where i t precipi tates along the coast and in mountainous
areas . The ‘high’ in Wexford is due to the presence of the
marine der ived t i l l and the low-lying coastal area of south
Wexford. There also appears to be an elevat ion of
avai lable Mg in areas with under lying l imes tone geology.

Unl ike avai lable P and K, where the avai labi l i ty is most ly
inf luenced by fer t i l izer appl icat ion, the avai labil i ty of Mg
appears st rongly inf luenced by oceanic and atmospher ic
deposi t ion, whils t total Mg was more associated with soil
type and geology. The spat ial dis tr ibution of total and
avai lable Mg il lust rates clearly that the presence of high
concentrat ions of an element does not in any way
necessari ly mirror high avai labi l i ty of that element .

min 5% 25% 50% 75% 95% max
all soils 13.49 71.11 127.51 186.13 276.28 485.92 1001.97

mineral 13.49 66.69 113.97 162.37 225.49 388.79 1001.97

organic 45.22 124.30 205.03 301.58 416.58 564.29 931.38

Table showing the minimum and maximum and some of the most
important percentiles for available Mg concentrations in mg/l

See text for total Magnesium on pg. 62
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Mn Manganese

Typical total concentrations for Mn in soil would be around
600 mg/kg (Fuller and Warrick, 1985). Mn levels in the
South East and County Louth above 1100mg/kg are coincident
with Acid Brown Earths underlain by shales. Regionally
enhanced levels of Mn, above 800mg/kg, are evident in
Dublin and surrounding counties, with no apparent
explanation. The two spot high concentrations exceeding
1400 mg/kg in western Meath and in the South West coincide
with small outcrops of basalt . Mn levels below 500mg/kg
coincide largely with areas underlain by limestone and the
Peats in the West.

The mobility of Mn in soil is strongly influenced by pH.
Waters draining the sandstone dominated areas of Cork and
Kerry precipitate dissolved Mn in a similar process to that for
Fe when they encounter the more alkaline soils on the flanks
of or in the valleys. This could explain the local high levels
(>800mg/kg) in the middle of the country. Since Mn (and Fe)
hydroxides and hydrated oxides often act as scavengers for

other metal oxides and hydroxides, Co, Ni and Zn are
commonly co-precipitated. These elements show similar
distribution patterns in this area.

min 5% 25% 50% 75% 95% max
all soils 7 25 190 462 844 1903 21077
mineral 13 108 303 580 926 1988 14197
organic 7 13 35 90 307 1465 21077

Table showing the minimum and maximum and some of the most
important percentiles for total Mn concentrations in mg/kg

Manganese is relatively abundant in the earth's crust and in soils. It occurs in many minerals, but is mainly mined from oxide
and hydroxide deposits in sediments. The metal is used for Fe and Al alloys, while its compounds can be found in pigments,
alkaline batteries and as an additive in petrol. Potassium permanganate is used as a disinfectant. Mn (mostly mixed with Fe) -
oxide and hydroxide coatings on soil minerals enhance the fertility of soils, as they adsorb soluble nutrient elements even at
neutral pH, and thus help prevent their loss by leaching. Alkaline soils with low Mn contents often result in Mn-deficiency in
farm ruminants. Typically, this is the case on acidic soils that have been ameliorated by the addition of lime. Mn is an
essential element for all living organisms. Excessive uptake of Mn, although not as detrimental to health as other common
metals such as Cu, Ni and Fe, is toxic. Mn deficiency in crops is influenced both by the Mn concentrations and the pH.
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Mo Molybdenum

Typical Mo concent ra t ions in soi l s range f rom 1 -2 mg/kg
(Sims , 1996) . The assoc ia t ions wi th soi l type and geology
are not as clear for Mo levels in Ir i sh soi ls as for some
other e lements . Levels of Mo in Ir ish soi l s above
1.8mg/kg are associa ted with the presence of Namur ian
sha le in the parent mater ia l s . These concent rat ions are not
confined to any s ingle grea t soi l group but occur in Grey
Brown Podzol ics , Acid Brown Ear ths and Gleys (Finch and
Rogers , 1978) . Mo leve ls above 1.8mg/kg are a l so present
in areas where the soi l parent mater ia l is inf luenced by the
sha ley Carboni fe rous l imes tone in Dubl in and sur rounding
count ies and in the Rendzinas in Galway. Overa l l , Mo
concent ra t ions in Ir i sh soi l s are re lat ively high and Mo
def ic iency is less l ike ly to crea te a chal lenge than high
concent ra t ions. min 5% 25% 50% 75% 95% max

all soils 0.07 0.32 0.61 0.91 1.37 3.29 21.14
mineral 0.07 0.35 0.66 0.94 1.40 3.26 21.14
organic 0.13 0.28 0.50 0.76 1.26 3.38 10.63

Table showing the minimum and maximum and some of the most
important percentiles for total Mo concentrations in mg/kg

Molybdenum is often associated with certain granites. Organic matter seems to act as a concentrating
agent since Mo is enriched in organic sediments. Mo is soluble under a wide range of conditions, and
is probably the most mobile of all the transit ion metals. Mo is used in alloys, electrodes and catalysts.
Mo in grassland is important from both deficiency and toxicity perspectives. It is an essential element
to all living species but is toxic in high doses. High uptake of Mo through vegetation can contribute to
Cu-deficiency in ruminants. Mo is necessary for N fixating bacterial colonies ( Rhizobium ) l iving in
symbiosis with some plants (e.g. clover and Lucerne ) , and deficiency can affect the establishment of
these plants in “green manuring”.
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Na Sodium

Levels of Na higher than 0.65% in Ir i sh soi ls a re
coincident with the Leins te r and Donegal grani tes , the
greywackes in the Nor th East and South East and
Precambr ian schis t s in Donegal . Rela t ive ly high Na values
in these areas close ly paral le l s imi lar ly high to ta l K
values . As with the analys is for K, the st rong acid (HF)
used to diges t the samples for ana lys is has resul ted in very
high values , as the Na-bear ing fe ldspars were ful ly
disso lved . Thus , high Na content in Ir i sh soi ls s t rongly
ref lect s the presence of f ine gra ined feldspars in
greywackes , schis t s and grani tes in the areas under la in by
these rocks . There appears to be some oceanic deposi t ion
of Na in the West , a l though th is i s not evident in the Peat
so i l s in Galway and Mayo, which have re lat ive ly low
levels . The Grey Brown Podzol ics and Peats of central
Ire land have relat ive ly low Na leve ls be low 0.35%.

min 5% 25% 50% 75% 95% max
all soils 0.02 0.05 0.21 0.34 0.55 1.09 2.25
mineral 0.05 0.15 0.26 0.39 0.60 1.13 2.25
organic 0.02 0.03 0.06 0.12 0.31 0.73 1.93

Table showing the minimum and maximum and some of the most
important percentiles for total Na concentrations in %

Sodium is the six th most abundant e lement and the most abundant alkal i metal in the earth 's
crust (L ide , 2005) . I t i s used in al loys , in soaps and in sodium vapour lamps o f ten used for street
l ight ing . I ts most common compound in the envi ronment , NaCl , is the sal t o f the sea and has been
an important commodity in food seasoning and preservat ion for mi l lennia . Na ions play a ro le in
diverse phys io log ical processes . Na is requi red by animals , which maintain high concentrat ions in
the ir blood and extrace l lu lar f lu ids . Few plants requi re Na, and plant-based die ts are there fore
low in Na. This requi res some herbivores to obtain the ir Na from sal t l icks and other mineral
sources.



Soil Geochemical Atlas of Ireland

69



Soil Geochemical Atlas of Ireland

70

Nb Niobium

The dist r ibut ion of Nb in Ire land is very s imi la r to that of
Ta (r m i n = 0.96) and Ti ( rm i n = 0.92 ) . The highest Nb
values (>11mg/kg) measured in Ir i sh soi ls a re centred on
the Carboniferous basa l t in Eas t Limer ick. Levels of Nb
above 7 mg/kg were associated with the greywackes in the
Nor th East , the Tert ia ry grani te in t rusions in Carl ingford
and the greywackes and igneous rocks in the South Eas t .
Levels of Nb above 5 mg/kg are coincident wi th Brown
Ear ths in Galway. Levels of Nb below 5 mg/kg are
associated with Peats , Li thosols and Podzols in mounta in
and hi l l a reas and Grey Brown Podzol ics and Peats on
l imes tone bedrock wi th the except ion of the higher va lues
in Limer ick.

min 5% 25% 50% 75% 95% max
all soils 0.06 0.34 4.42 6.83 8.95 12.01 38.88
mineral 0.58 3.98 5.87 7.66 9.52 12.62 38.88
organic 0.06 0.17 0.40 1.57 4.09 8.59 17.37

Table showing the minimum and maximum and some of the most
important percentiles for total Nb concentrations in mg/kg

Niobium has s imi lar phys ical and chemical propert ies to Ta and is of ten found in minera ls that
a lso contain Ta. I t reacts readi ly wi th O, C, S and N. It is used for temperature resistant a l loys
and in Ti and Sn al loys used for superconduct ing magnets . I t is a lso used to make surgical
implants and in jewe l lery as i t does not react with human tissue . There are no known bio log ical
funct ions in which Nb plays a ro le . Nb compounds can be toxic , a l though they are rare ly
encountered. Nb dust can cause skin i rr i tat ion .
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Ni Nickel

Background concentra t ions of 35 mg/kg were reported for
Ni by Crommentui j n (1997) for so i l s in the Nether lands .
Levels of Ni in the Nor th Ea st above 30mg/kg are
a t t r ibuted to volcanic mater ia l in the greywackes . Ni is
associated with other e lements in th is area such as Co, Cu,
Cr and Pb. Simi la r leve l s in Limer ick are s t rongly
associated wi th the Carboni ferous basa l t as wel l as the
precip i tat ion effect descr ibed for Fe . Ni is commonly co -
precip i ta ted with Ba, Zn, Fe and Mn. Ni leve l s above 22
mg/kg are evident in areas with under lying impure
l imes tone geology such as Dubl in, Meath , Westmeath and
Kildare , and there also appears to be an associat ion wi th
Carboni ferous sha les . Levels below 15mg/kg are evident
in the western par t of the count ry. 23% of Ir i sh soils
exceed the l imi t se t by the Sewage Sludge Direc t ive and
the Waste Management (Use of Sewage Sludge in
Agr icul ture) Regulat ions 1998 to 2001. Simi la r to Cd, this

i s mos t ly due to natura l ly high background leve ls and only
on rare occas ions to human act ivi t ies . The median value
for Ni measured , is s imi la r to those reported for England
and Wales (22 .6 mg/kg, McGrath and Loveland, 1992) a nd
Nor thern Ire land (29.2 mg/kg, Jordan et a l . 2002) .

min 5% 25% 50% 75% 95% max
all soils 0.80 1.90 9.20 17.50 28.60 50.00 176.00
mineral 1.70 5.90 14.10 20.60 31.40 51.90 176.00
organic 0.80 1.20 2.10 4.10 10.90 35.40 70.20

Table showing the minimum and maximum and some of the most
important percentiles for total Ni concentrations in mg/kg

Nicke l is re lat i ve ly abundantly present in most so i l , wate r and food. The occurrence o f Ni in the
envi ronment is a result o f the natura l weather ing o f rocks , vo lcanic emissions , combust ion o f fossi l
fue ls , waste inc inerat ion , appl icat ion o f sewage sludge and emiss ions from industria l act i v i t ies
us ing or producing Ni . The main industr ial uses for Ni are in al loys , rechargeable batter ies ,
jewe l lery , paints and ceramics and magnets . Smal l amounts o f Ni are essent ial fo r our heal th , but
adverse heal th e f fects can be encountered from Ni when large amounts are ingested or inhale d and
exposure to the skin can cause skin al le rg ies . The l imit value for Ni in soi ls rece iv ing sewage
sludge under the EU Sewage Sludge Direct i ve is 30 mg/kg.



Soil Geochemical Atlas of Ireland

73



Soil Geochemical Atlas of Ireland

74

P Total Phosphorous

G e ner a l l y , t o t a l P co nc en t r a t i on s i n so i l s a r e b e t wee n
0 . 02 a nd 0 . 5% ( Lind sa y , 19 79) . Tot a l P le ve l s ab o ve
0 . 12% in I r i sh so i l s a r e a s so c i a t ed w i th t he gr e yw ac kes
in t he N or t h Eas t , i gn e ou s r oc ks i n t he S o u th E as t , a nd
t he R en d zi nas w hi ch a re un de r l a i n b y p h os ph a t e r i c h
r oc ks in N or t h Cla r e . T o ta l P i s ge n e ra l l y lo we r
( <0 .0 8%) in t he or ga n i c -r i c h so i l s i n the mi d l a nd s an d
a l o n g th e we s t e r n sea bo a rd .

min 5% 25% 50% 75% 95% max
all soils 0.01 0.04 0.08 0.11 0.14 0.20 0.49
mineral 0.01 0.05 0.09 0.11 0.14 0.20 0.43
organic 0.02 0.03 0.05 0.08 0.12 0.19 0.49

Table showing the minimum and maximum and some of the most
important percentiles for total P concentrations in %

Phosphorous is a high ly react i ve e lement , mos t commonly found in nature as phosphate sa l ts . P
moves faste r through the organic cyc le (p lan ts and animals ) than through the inorgani c one
( rocks and sediments ) . P and i ts compounds are used in fe r t i l i ze rs , exp los ives , f i reworks,
pest i c ides and dete rgents . P is a key e lement in al l known fo rms of l i fe . I t p lays a major ro le in
bio log ica l molecules such as DNA and RNA, and calc ium phosphate is the substance o f bones and
tee th . P i s o f ten a l imi t ing nutr ient fo r g rowth , and needs to be added to the so i l as fe r t i l i ze r to
max imise product ion . P is the main nutr ient respons ib le for the eutrophicat ion o f aquat i c
ecosystems .
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P Available Phosphorous

The spatial coherence of available P concentrations was not
sufficient to create a spatial distribution map. As in the case of K,
this is largely due to the influence of fertilizer application on this
parameter. The maps for available P are shown separately for the
mineral and the organic soils.

The available P levels and the difference between available and
total P for Irish soils can mostly be explained by land use, rock and
soil type. Generally, intensive farming practices (particularly
poultry and pigs) will result in higher available P in soils due to
the production of manure. Tillage agriculture is also often
associated with higher available P due to higher fertilizer
application rates. High available P levels are evident in areas in
Ireland where intensive agriculture is practised and for tillage
soils. P is more readily extracted from calcareous soils. This is
visible in Irish soils where relatively low total P levels were
measured (<0.12%) for calcareous soils on limestone rocks whilst
the available P levels on these soils were not necessarily
particularly low.

min 5% 25% 50% 75% 95% max
all soils 0.56 2.32 4.32 7.05 12.47 30.52 316.41
mineral 0.71 2.28 4.10 6.44 11.33 27.50 316.41
organic 0.56 2.80 5.52 9.29 15.43 36.80 116.77

Table showing the minimum and maximum and some of the most
important percentiles for available P concentrations in mg/l

See text for total Phosphorous on pg. 74
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Pb Lead

Levels of Pb in Dubl in and Wicklow exceeding 50mg/kg
are at t r ibuted to a combina t ion of urbanisat ion and
his tor ical mining act ivi ty. Simi la r leve ls in the North Eas t
can be par t ly at t r ibuted to volcanic mater ia l in the
greywackes . In Limer ick, leve l s above 40mg/kg are
a t t r ibuted to a regional enhancement , conf i rming the c lose
re la t ionship between Pb and Zn in th is area. Simi lar
leve l s on the eas t coas t may be at t r ibutable to long range
t ransboundary pol lut ion . It has previous ly been shown
that Pb concent ra t ions in Ir i sh agr icul tural soi ls are
cons iderably lower than those in urban areas (McGrath,
1995) . The median value for Pb reported in thi s s tudy for
minera l so i l s is s imi la r to those of Nor thern Ire land (17 .9
mg/kg, Jordan et a l ., 2002) and Scot land (23 .2 mg/kg,
Pa terson et a l . , 2002) . Extreme Pb concent rat ions
measured in Ir i sh soi l s wi th va lues above 500 mg/kg are
coincident wi th loca l pol lu t ion sources . They are found in
Tipperary near Si lvermines and near Keady Mine in
Nor thern Ire land .

min 5% 25% 50% 75% 95% max
all soils 1.1 11.7 18.2 24.8 33.5 61.9 2634.7
mineral 4.8 12.4 18.8 24.8 33.3 61.0 550.9
organic 1.1 9.5 16.4 24.3 33.2 58.1 2634.7

Table showing the minimum and maximum and some of the most
important percentiles for total Pb concentrations in mg/kg

Lead is a heavy , so ft metal , o f ten found in ores with Zn and Cu. Al though Pb does occur natural ly
in the envi ronment , i t is o f ten introduced by anthropogenic act i v i t ies . In bui l t -up areas , e levated
soi l Pb contents are large ly re lated to the past use o f leaded petro l , usual ly conf ined to areas
wi thin short d istances (metres ) o f roadways . High Pb values can also be encountered at
target/shoot ing ranges . Pb is used in ammunit ion , batte r ies , g lass , organ pipes , e lect rodes and in
computer and te lev is ion screens . Pb is not essent ia l fo r humans, animals or plants . I t i s h ighly
tox ic and bio -accumulates in organisms and food chains over t ime. The l imi t value for Pb in soi ls
rece iv ing sewage sludge under the EU Sewage Sludge Direct i ve is 50 mg/kg.
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Rb Rubidium

Normal concent rat ions of Rb in soi l s would be around 100
mg/kg (Helmke and Sparks , 1996) . The dis t r ibut ion of Rb
in Ire land closely mir rors tha t of K and the two elements
cor re la te wel l (rm i n = 0.90) . Levels of Rb above 60 mg/kg
in Ir i sh soi ls a re coincident wi th the greywackes in the
Nor th Eas t and greywackes and igneous rocks in the South
Eas t as wel l as with sandstones and shales in Cork, Ker ry,
Limer ick and Clare and Ca- r ich schis t s in Donegal . Levels
be low 40 mg/kg are associated wi th Peats , Li thosols and
Podzols in mounta in and hi l l a reas and Grey Brown
Podzol ics and Peats on l imes tone bedrock.

min 5% 25% 50% 75% 95% max
all soils 0.60 2.20 29.80 53.50 75.70 117.50 222.00
mineral 4.10 25.80 45.70 61.80 80.60 121.60 222.00
organic 0.60 1.20 2.60 10.60 28.80 75.00 163.30

Table showing the minimum and maximum and some of the most
important percentiles for total Rb concentrations in mg/kg

Rubidium is an alkali metal similar to K (below it in the periodic table) and the two elements generally
correlate. It has few commercial uses, but is present in some glasses and ceramics and is sometimes
used to give fireworks a purple colour. It is also used to remove residual gases from vacuum tubes. Rb
is not known to play any major biological role. Plants suffering from K-deficiency may take up Rb
instead. Rb is only toxic in high doses and is easily removed from the body through perspiration.



Soil Geochemical Atlas of Ireland

81



Soil Geochemical Atlas of Ireland

82

S Sulphur

Most soi ls conta in between 0.01% and 0.05% S (Tabatabai ,
1996) . The dis t r ibut ion of S in Ir i sh soi l s i s in te res t ing in
that i t s pa t te rn i s oppos i te to the commonly occur r ing
pat te rn i l lust ra ted by Al . The Pearson’s cor relat ion
coeff ic ien t for S and SOC ref lec ts the st rong re la t ionship
between organic soi ls and S concent rat ions (r m i n = 0.82) .
Levels of S above 0.15% in Peat soi l s in the West , North
West and midlands are most ly a resul t of the high organic
mat te r content . There may also be some ef fec t of oceanic
deposi t ion in the West and North West . Levels of S below
0.09% are coincident wi th arable land in the South East of
Ire land and county Cork on the Grey Brown Podzol ics and
Acid Brown Ear th soi l s under la in by sandstones and
shales . min 5% 25% 50% 75% 95% max

all soils 0.01 0.04 0.06 0.07 0.13 0.32 0.70
mineral 0.01 0.03 0.05 0.06 0.08 0.12 0.29
organic 0.03 0.11 0.17 0.23 0.31 0.43 0.70

Table showing the minimum and maximum and some of the most
important percentiles for total S concentrations in %

Sulphur is a non-metal which occurs as a pure element or in sulfate and sulfide minerals. Elemental S
occurs naturally near volcanoes and hot springs. It is introduced into the environment as SO2 on the
burning of fossil fuels from which the S has not been extracted. SO 2 combines with water to form acid
rain. S has many commercial uses including fertil izer production, oil refining processes, batteries,
matches, insecticides and as a preservative in wine. S is a necessary component of all living cells. It
is a component of the amino acids cysteine and methionine, contained in all polypeptides, proteins, and
enzymes. Elemental S is not toxic, but some of its compounds are.
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Sb Antimony

Background concentra t ions of 3 mg/kg were reported for
Sb by Crommentui jn (1997) for unpol lu ted soi ls in the
Nether lands . The leve l s of Sb measured in Ir i sh soi l s were
a l l low, wi th 95% of the samples having a concent ra t ion of
less than 1.54 mg/kg and 2% of the samples be low the
detec t ion l imi t of 0 .05 mg/kg. Rela t ive ly high leve l s of Sb
(>0.7mg/kg) were measured in the South East and the
South , and in Waterford and Tipperary, whereas the lower
leve l s (<0.3mg/kg) were measured in the Nor th and Nor th
West . There i s no apparent associa t ion wi th a speci f ic
rock or soi l type in the dis t r ibut ion of Sb and i t did not
show a st rong cor rela t ion in i ts di s t r ibut ion with any of
the other measured e lements .

min 5% 25% 50% 75% 95% max
all soils <0.05** 0.10 0.31 0.53 0.85 1.54 5.29
mineral <0.05** 0.19 0.39 0.62 0.94 1.65 4.80
organic <0.05** 0.03 0.17 0.29 0.47 0.97 5.29

Table showing the minimum and maximum and some of the most
important percentiles for total Sb concentrations in mg/kg

**30 samples analysed were below the detection limit of 0.05 mg/kg for Sb

Antimony is a rare element, and is usually found in the sulfide stibnite. It is present in trace amounts
in many different minerals. Some examples for uses of the metal and its compounds are: alloys,
batteries, ammunition, plumbing, flame retardants, veterinary preparations and safety matches. It has
no known biological role. Sb and many of its compounds are toxic with clinical effects similar to As in
humans.
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Sc Scandium

Levels of Sc above 8mg/kg in Ir i sh soi ls a re coincident
wi th the greywackes in the North Eas t and greywackes and
igneous rocks in the South Eas t as wel l as wi th sandstones
and shales in Cork, Ker ry, Limer ick and Clare and Ca- r ich
schis ts in Donegal . Levels below 4 mg/kg are assoc ia ted
wi th Peats , Li thosols and Podzols in mountain and hi l l
a reas and Grey Brown Podzol ics and Peats on l imes tone
bedrock.

min 5% 25% 50% 75% 95% max
all soils <0.1* 0.36 3.34 5.85 8.37 12.33 17.11
mineral 0.72 2.63 4.80 6.71 9.17 12.77 17.11
organic <0.1* 0.20 0.40 1.33 3.72 8.34 13.80

Table showing the minimum and maximum and some of the most
important percentiles for total Sc concentrations in mg/kg

Scandium is a rare element which only occurs naturally in trace amounts in minerals. Similarly to Y it
is used in household appliances such as colour televisions and fluorescent lamps. It is used in Al
alloys for aero-space technolo gy and sports equipment. Sc has not been found to play any biological
role in organisms. It is not thought to be toxic, however it does form gases which, when inhaled, will
have negative health effects.
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Se Selenium

An average Se concent rat ion of 0 .4 mg/kg was reported for
1623 soi l s taken wor ldwide by Ure and Berrow (1982) .
Background concentra t ions of 0 .7mg/kg were reported for
Se by Crommentui j n (1997) for unpol lu ted soi l s in the
Nether lands . Levels of Se above 1mg/kg in Ir ish soi l s are
found in areas with under lying impure l imes tone geology,
such as Dubl in , Meath , Westmeath , wes t Offa ly, east
Galway and nor th Tipperary. The Se toxic areas of Meath
were al ready known in the 19th century, though the
ident i ty of the toxic e lement was not known and ear ly
wr i t ings refer to ‘ the poisoned lands of Meath’ (Fream,
1890) . Geochemica l ly, lower Se leve ls would be expected
on soi l s formed f rom sands tone , grani te , the purer
l imes tones , and soi ls developed on glacia l and fluvio-
glac ial sands and grave ls . Levels of Se below 1mg/kg in
Ir i sh soi l s are found in the South and East of the count ry,
in Louth and in coasta l areas in Wexford , which
encompasses mar ine der ived glacial so i l s . Rela t ive ly low
Se leve ls a l so occur in par t s of east Galway and eas t Clare

on l ight- tex tured soi l s . F leming (1978) measured Se in
about 50% of the 678 geo - referenced minera l soi ls
col lected by Brogan (1966) . There was a good
cor respondence between those data and the data col lec ted
for th is at las .

min 5% 25% 50% 75% 95% max
all soils 0.08 0.34 0.51 0.74 1.14 2.67 17.44
mineral 0.08 0.33 0.46 0.65 0.90 1.87 6.72
organic 0.23 0.64 0.96 1.31 2.06 6.08 17.44

Table showing the minimum and maximum and some of the most
important percentiles for total Se concentrations in mg/kg

Selenium is a non-metal, similar in its chemical properties to S. Although not common, it occurs
naturally in the environment but is also introduced through coal burning and the mining and smelting
of sulfide ores. Se is used in the glass industry, in food supplements, vulcanized rubbers,
photography, l ight cells and solar cells. It is naturally present in soils and is added with phosphate
ferti l izer, in which it is present. Se is an essential trace element for all animals and many plants
although the required amounts are not known. However, high Se concentrations in soils can have a
toxic effect on grazing animals. These effects include loss of hair and cracking of hooves, which can
cause permanent damage and even death.
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Sn Tin

Levels of Sn above 2.5 mg/kg in Ir i sh soi ls seem to be
par t i cular ly associated with Brown Podzol ics and Acid
Brown Ear ths . They are a lso coincident with the
greywackes in the Nor th East and assoc iated with the
Leinster Grani te . Possible anthropogenic der ived
enr ichment can be seen in Dubl in and Cork. Levels of Sn
(<2 mg/kg) are espec ial ly evident in soi l s under la in by
l imes tone and in Peat so i l s in Galway and Mayo.

min 5% 25% 50% 75% 95% max
all soils <0.2** 0.54 1.12 1.68 2.34 4.72 17.84
mineral 0.33 0.83 1.30 1.85 2.47 5.08 17.84
organic <0.2** 0.26 0.63 1.00 1.59 3.14 13.07

Table showing the minimum and maximum and some of the most
important percentiles for total Sn concentrations in mg/kg

**10 samples analysed were below the detection limit of 0.2 mg/kg for Sn

Tin is a metal which does not easily corrode. It is often used to coat other metals and thus reduce
their corrodibil ity, as in tin cans. Sn is also used in super-conducting magnets, ceramics, in solders,
in the paint and plastic industry and in bacter icides and fungicides. Sn is an essential element for
rats. Whilst the metal Sn is not toxic in normally occurring concentrations, most organic tin
compounds are toxic and do not biodegrade well.
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Sr Strontium

Background concent ra t ions of Sr in soi l s are reported to be
around 300 mg/kg (Ure , 1991) . Sr does not appear to have
a c lear ly s imi la r d i s t r ibut ion to any other e lement ,
a l though i t fo l lows the typica l pat tern for Al local ly on the
eas t coas t and in Donegal . Levels above 75 mg/kg in Ir i sh
soi l s a re at t r ibuted to the greywackes in the North East ,
greywackes and igneous rocks in the South Eas t , and Ca-
r ich schis t s in Donegal . There appears to be a poss ible
oceanic inf luence in the west , a l though the P eat so i l s in
Galway and Mayo have low levels of Sr . Levels be low 60
mg/kg seem to be associated with Peats , Podzols and
Brown Podzol ics except in the South East and in Donegal .

min 5% 25% 50% 75% 95% max
all soils 9.2 20.7 32.5 49.7 70.1 115.0 1252.5
mineral 11.1 23.4 36.7 53.2 72.6 113.9 1252.5
organic 9.2 17.1 25.7 35.8 60.5 117.3 195.6

Table showing the minimum and maximum and some of the most
important percentiles for total Sr concentrations in mg/kg

Strontium is chemically and physically very similar to its neighbouring elements on the periodic table,
Ca and Ba. It occurs naturally in many igneous rocks, and as dust in the atmosphere. Sr is
introduced into the atmosphere by fossil fuel burning. It is used in Al alloys, colour television tubes,
toothpaste and pyrotechnics. Medical applications include cancer radiotherapy and treatments for
osteoporosis. Sr has no known biological role. It is absorbed by the body in the same way as Ca.
Therefore the radioactive isotope Sr-90, a component in nuclear reactor (or bomb) waste which does not
occur naturally, is highly harmful, but common Sr is harmless.
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Ta Tantalum

The dis t r ibut ion of Ta in Ire land is very simi la r to that of
Ti (r m i n = 0.89) and Nb (rm i n = 0.96) . It i s a rare meta l ,
which is re f lected in Ir i sh soi l s as 10% of the samples
were be low the detec t ion l imi t of 0 .05mg/kg. Levels of Ta
above 0.65 mg/kg in Ir i sh soi l s a re at t r ibuted to the
Limer ick basal t s , greywackes in the Nor th Eas t and
greywackes and igneous rocks in the South East . The
Brown Earths in Galway also show sl ight ly e leva ted leve ls
(>0.35 mg/kg) of Ta . Local i sed e leva ted Ta concentrat ions
are known to be present along the f lanks of the Wicklow
mounta ins . Levels be low 0.35mg/kg are coincident with
low levels of Nb associa ted wi th Peats , Li thosols and
Podzols in mounta in and hi l l a reas and Grey Brown
Podzol ics and Peats on l imes tone bedrock wi th the
except ion of the higher va lues in Limer ick .

min 5% 25% 50% 75% 95% max
all soils <0.05** <0.05** 0.27 0.45 0.61 0.85 2.71
mineral <0.05** 0.24 0.38 0.51 0.64 0.88 2.47
organic <0.05** <0.05** <0.05** 0.09 0.25 0.60 2.71

Table showing the minimum and maximum and some of the most
important percentiles for total Ta concentrations in mg/kg

**129 samples analysed were below the detection limit of 0.05 mg/kg for Ta

Tantalum is a neighbour element to Nb on the periodic table, is similar to it and mainly occurs
naturally in the mineral tantalite. Similarly to Nb, Ta is used for making implants and surgical
implements as it does not react with human tissue. It is also used in super alloys for aircraft engines
and electrical appliances and in eye -glasses. Ta has no known biological role. Pure Ta can be harmful
on inhalation, ingestion or skin contact but is rarely encountered.
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Th Thorium

L e ve l s o f T h i n I r i sh s o i l s c lo se l y f o l l ow t he C e ( rm i n =
0 . 91) an d L a (r m i n = 0 . 88) l e ve l s . T he t h r ee e l e me n t s a re
a l l p r e se n t i n t he mi ne r a l mo na z i t e . T he i r d i s t r i bu t i o n
i n I r i sh so i l s i s s imi l a r t o th a t o f Al . L e ve l s ab o ve
5 mg/ kg a r e co i nc iden t wi th th e gr e yw acke s i n t he N or t h
E as t an d gre yw ac ke s a nd i gne ou s r oc ks in t he S ou th E as t
a nd w i th sa nd s to ne a n d s ha l e i n C or k , L i mer i c k a nd
C la re . Re l a t i ve l y h igh l e ve l s i n Do ne ga l a r e co i nc i de n t
w i t h C a r i c h s ch i s t s a nd h i gh l e ve l s h e re co i nc i de wi th
h i gh l e ve l s o f Ba an d Sr . Le ve l s b e lo w 3 . 5 mg/ kg a re
a s s oc i a t ed wi t h P ea t s , L i t h os o l s a nd Po dzo l s i n mo un t a in
a nd h i l l a r e as a nd G re y B ro w n P od zo l i c s a nd Pea t s o n
l i me s t one bed roc k .

min 5% 25% 50% 75% 95% max
all soils <0.1** 0.25 2.91 4.65 6.28 8.50 11.15
mineral 0.57 2.53 3.96 5.37 6.65 8.66 11.15
organic <0.1** 0.13 0.31 1.10 2.98 6.26 9.73

Table showing the minimum and maximum and some of the most
important percentiles for total Th concentrations in mg/kg

**6 samples analysed were below the detection limit of 0.1 mg/kg for Th

Th is a slightly radioactive metal which occurs naturally in the environment. It is found in most soils
and rocks, and is more abundant than U. Th is used in Mg alloys and as a coating for W wire in
electrical appliances and Th oxide is used in high temperature laboratory crucibles. It is potentially a
good fuel for nuclear reactors. Th has no known biological role. Natural Th decays slowly, and the
alpha radiation which it emits does not penetrate human skin, although it will penetrate organ walls if
ingested. Inhalation of aerosolized Th is more dangerous than ingestion and is carcinogenic. Th has no
known biological role.
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Ti Titanium

T i s ho w s ve r y s i mi l a r d i s t r i b u t i o n pa t t e rn s t o Nb (r m i n =
0 . 92) a nd T a (r m i n = 0 . 89) . T i l e ve l s ab ove 4 00 0 mg/ kg in
E as t L i me r i c k a re as s oc i a t e d wi t h th e b asa l t s i n t h i s a r e a
w h i l e l e ve l s e l e va t ed a b o ve 2 50 0 mg/ kg i n t he N or t h Eas t
a nd S ou t h E as t o f th e c ou n t r y a r e r e l a t e d t o vo l ca n i c
ma t e r i a l i n th e g reyw a c kes in the se a r eas . S l i gh t l y
e l e va t e d l e ve l s a r e v i s i b l e fo r th e Br o wn Ear ths in
G a l w a y a nd Ma yo . L e ve l s o f T i l o wer t ha n 17 50 mg/ kg
a re as so c i a t ed wi th P ea t s , L i t h os o l s an d P od zo l s in
mo u n ta i n a nd h i l l a r e as an d G re y Bro w n P od zo l i c s an d
P ea t s o n l i me s t one b ed ro c k . T yp ica l l y , l i mes t on es ,
o ld e r g ra n i t e s a nd gn e i s s e s a r e lo w in T i a nd th i s i s
e v i den t fo r t he g ra n i t e s in Wic k lo w a nd C ar l o w. I t i s
w o r th n o t in g t ha t T i p ro sp ec t i n g w as c a r r i ed o u t i n
Wi c kl o w an d pa r t s o f Car l o w.

min 5% 25% 50% 75% 95% max
all soils 39 125 1355 2133 2851 3773 8704
mineral 165 1247 1774 2469 3020 3960 8704
organic 39 73 147 517 1197 2705 4016

Table showing the minimum and maximum and some of the most
important percentiles for total Ti concentrations in mg/kg

Ti is the ninth most abundant element in the Earth's crust (Lide, 2005) and is present in most igneous
rocks and their sediments. It is always found bound to other elements. Ti is only mobile under
strongly acidic conditions. It is a corrosion resistant metal and is as strong as steel but is much
lighter. Ti is used in alloys for the manufacture of aircraft , missiles and navy ships but also for a wide
range of other applications from surgical implants to jewellery and lipstick. It is considered to be
harmless, and is not believed to be a bio -essential element.
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Tl Thallium

T h e ba c kgro un d T l c on cen t r a t i on f o r u n po l l u t e d so i l s
s u gge s t e d i n th e N e th e r l an ds b y Cr o mme n tu i j n (1 99 7) i s
1 mg/ kg . T h e re a pp ea r s t o be so me e v i den ce of an
a n t h ro po ge n i c e f f e c t i n Du b l in , wh ere T l l e ve l s i n so i l s
a r e r e l a t i ve l y h i gh (> 0 . 8 mg/ kg) . Le ve l s o f T l ab o ve 0 . 65
mg/ k g i n t he So u t h E as t a r e c o i nc i den t w i t h t he Le i ns t e r
G ra n i t e . L e ve l s e xce ed i n g 0 . 5 mg/ kg T l i n so i l s o n th e
s ou t h c oa s t o f C or k , w e s t ce n t r a l L i me r i c k , an d n or t he r n
C la r e a r e c o in c id en t w i th b l ac k sh a l e s an d w i th Bro w n
E ar t hs an d Re nd z inas . A l oc a l h i gh c onc en t r a t i on of T i
( >2 mg/ kg) i n w es t e r n We s t mea th a nd r e l a t i ve l y h i gh
l e ve l s i n n or th e rn T i pp e ra r y h a ve n o a pp a re nt
e xp l an a t i o n . L e ve l s b e lo w 0 . 2 mg/ kg a re e vi de n t a l on g
mu c h o f t he wes t c oa s t , p a r t i cu l a r l y i n cou n t i e s Ga l w ay
a nd Ma yo .

min 5% 25% 50% 75% 95% max
all soils <0.02** <0.02** 0.29 0.43 0.57 0.82 2.66
mineral 0.10 0.26 0.38 0.48 0.60 0.86 2.66
organic <0.02** <0.02** 0.02 0.13 0.30 0.64 1.46

Table showing the minimum and maximum and some of the most
important percentiles for total Tl concentrations in mg/kg

**72 samples analysed were below the detection limit of 0.02 mg/kg for Tl

Thall ium occurs mostly in association with K minerals, although the main commercial source is trace
extraction from Cu, Pb and Zn ores. Tl is less likely to be introduced into the environment by industry
than its neighbours in the periodic table, Pb and Hg, but suspected anthropogenic sources include
(soft) coal combustion and cemen t manufacturing plants. It is used in rat poison, in photocells, low
temperature thermometers and nuclear medicine. Tl can be strongly fixed by MnO2 in soils. Tl has no
known biological role. Tl and its compounds are highly toxic. It is also a suspecte d human carcinogen.
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U Uranium

S o i l s t y p i c a l l y c o n t a i n U c o n c e n t r a t i o n s o f 1 – 4
m g / k g ( V i n o g r a d o v , 1 9 5 9 ) . E l e v a t e d v a l u e s o f
r a d i o a c t i v e e l e me n t s , e s p e c i a l l y U , a r e t o b e e x p e c t e d
i n W i c k l o w , C a r l o w a n d C l a r e a s a r e s u l t o f t h e
u n d e r l y i n g g e o l o g y . L e v e l s i n C a r l o w o f a b o v e
4 m g / k g a r e r e l a t e d t o u n d e r l y i n g g r a n i t e a n d i t s
o c c u r r e n c e h a s b e e n e x t e n s i v e l y s t u d i e d . R e l a t i v e l y
h i g h U l e v e l s ( > 2 . 5 m g / k g ) i n n o r t h e r n C l a r e a n d s o u t h
c e n t r a l C o r k a r e c o i n c i d e n t w i t h u n d e r l y i n g b l a c k
sh a l e s . A n u m b e r o f s ma l l l o c a l i s e d U d e p o s i t s h a v e
b e e n d i s c o v e r e d i n c e n t r a l D o n e g a l , a n d t h e y h a v e
b e e n r e c o g n i s e d a s b e i n g d i s t i n c t f r o m t h e b r o a d
u r a n i f e r o u s n a t u r e o f t h e L e i n s t e r g r a n i t e . L e v e l s o f U
e x c e e d i n g 4 m g / k g i n W e s t me a t h a r e a t t r i b u t e d t o t h e
o r g a n i c - r i c h s o i l s i n t h i s a r e a . A n a s s o c i a t i o n b e t w e e n
e l e v a t e d U c o n c e n t r a t i o n s a n d h i g h o r g a n i c ma t t e r
c o n t e n t h a s b e e n i n v e s t i g a t e d ( V i n o g r a d o v , 1 9 5 9 ) a n d
i s t h o u g h t t o b e c a u s e d b y t h e s o r p t i o n o f U f r o m
g r o u n d w a t e r s b y o r g a n i c s u b s t a n c e s . T h e U c o n t e n t

o f a s u r f a c e p e a t y s a mp l e i n w e s t L i me r i c k w a s f o u n d
t o b e a s h i g h a s 5 5 0 m g / k g ( W i l l i a m s a n d B r o w n ,
1 9 7 1 ) .

min 5% 25% 50% 75% 95% max
all soils <0.1** 0.20 1.48 1.96 2.48 4.74 64.19
mineral 0.35 1.29 1.71 2.07 2.51 3.86 36.25
organic <0.1** <0.1** 0.22 0.79 2.17 6.69 64.19

Table showing the minimum and maximum and some of the most
important percentiles for total U concentrations in mg/kg

**20 samples analysed were below the detection limit of 0.1 mg/kg for U

U is naturally present in small amounts in rocks, soil, and water. It is geochemically similar to Th, except that it is
highly water soluble under oxidizing conditions, so that it is leached from soils and its concentration in groundwater
can be relatively high (up to several mg/l). Mining processes also introduce U into the environment. U is a radioactive
element and its most important industrial use (as U-235) is as fuel for nuclear energy. It is also used in warfare as a
shielding material and in ammunition. For scientific purposes, it is used to date rocks, and has provided most of the
time markers in the history of the earth and the solar system. U has no known biological role. When ingested, it is
toxic and can bioaccumulate in the bone tissue as it has an affinity for phosphates. Exposure to U itself is not
associated with cancer, but exposure to its decay products, particularly radon, can pose a health threat.
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V Vanadium

B a c k g r o u n d c o n c e n t r a t i o n s o f 4 2 m g / k g w e r e r e p o r t e d
f o r V b y C r o m m e n t u i j n ( 1 9 9 7 ) f o r u n p o l l u t e d s o i l s i n
t h e N e t h e r l a n d s . L e v e l s o f V e x c e e d i n g 7 5 m g / k g i n
I r i s h s o i l s a r e a s s o c i a t e d w i t h t h e g r e y w a c k e s i n t h e
N o r t h E a s t a n d g r e y w a c k e s a n d i g n e o u s r o c k s i n t h e
S o u t h E a s t . S i m i l a r l e v e l s a r e a l s o a s s o c i a t e d w i t h
p h o s p h a t i c r o c k s i n C l a r e . W i t h t h e e x c e p t i o n o f p a r t s
o f t h e s o u t h e r n c o u n t i e s , l e v e l s o f V b e l o w 3 0 m g / k g
a r e c o i n c i d e n t w i t h l i me s t o n e r o c k s a n d G r e y B r o w n
P o d z o l i c , L i t h o s o l , P o d z o l a n d P e a t s o i l s .

min 5% 25% 50% 75% 95% max
all soils <2** 3.90 30.80 52.20 74.20 104.80 240.30
mineral 10.00 25.40 43.70 60.00 80.70 108.50 240.30

organic <2** 2.20 4.60 14.90 32.70 74.90 100.90

Table showing the minimum and maximum and some of the most
important percentiles for total V concentrations in mg/kg

**14 samples analysed were below the detection limit of 2 mg/kg for V

V occurs in bauxite and in C containing deposits. It is relat ively abundant in soils and living organisms.
The metal V is mainly used in steel and other alloys. V is an essential component of some enzymes and is a
necessary component in the diet of rats and young chickens. Excess intake of V can have negative hea lth
effects.
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W Tungsten

V e r y f e w s oi l s h a v e a h i g h W c o n t e n t a n d I r i s h s o i l s
r e f l e c t e d t h i s w i t h 1 0 % o f t h e s a mp l e s b e i n g u n d e r t h e
d e t e c t i o n l i mi t o f 0 . 1 m g / k g . R e l a t i v e l y h i g h l e v e l s o f
W o b s e r v e d i n I r e l a n d a b o v e 0 . 9 m g / k g a r e a s s o c i a t e d
w i t h k n o w n m i n e r a l s h o w i n g s , e s p e c i a l l y a l o n g t h e
f l a n k s o f t h e W i c k l o w mo u n t a i n s . T h e s e l e v e l s a r e
f o u n d i n s o i l s o n i g n e o u s r o c k s e x t e n d i n g f r o m
W i c k l o w t o W a t e r f o r d ; a n d t o a l e s s e r e x t e n t o n
g r e y w a c k e s i n t h e N o r t h E a s t ; a n d o n b l a c k s h a l e s a n d
f i n e s a n d s t o n e s i n C o r k . L e v e l s o f W b e l o w 0 . 5 m g / k g
a r e mo s t l y a s s o c i a t e d w i t h P e a t s , L i t h o s o l s a n d
P o d z o l s i n m o u n t a i n a n d h i l l a r e a s a n d G r e y B r o w n
P o d z o l i c s a n d P e a t s o n l i me s t o n e b e d r o c k .

min 5% 25% 50% 75% 95% max
all soils <0.1** <0.1** 0.36 0.59 0.85 1.31 7.72
mineral <0.1** 0.31 0.48 0.69 0.91 1.38 7.72
organic <0.1** <0.1** <0.1** 0.15 0.37 0.90 4.29

Table showing the minimum and maximum and some of the most
important percentiles for total W concentrations in mg/kg

**132 samples analysed were below the detection limit of 0.1 mg/kg for W

W is one of the less common trace elements. It occurs mostly in the minerals scheelite and wolframite. Due
to the costs of W extraction, 30% of the W demand is covered by recycling of the element. The metal has the
highest melting point of all metals (3422ºC) and is used in light bulb filaments and X-ray tubes. It also has
a high corrosion resistance and is often used in steel alloys. W has a very limited biological role, known
only to be used by some enzymes. There are no proven health benefits or threats related to W except for
very high concentrations (e.g. refineries), where it can be toxic.
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Y Yttrium

T h e d i s t r i b u t i o n o f Y i n I r i s h s o i l s i s s i mi l a r t o t h e C d
( r m i n = 0 . 6 9 ) a n d N i ( r m i n = 0 . 7 7 ) d i s t r i b u t i o n ,
p a r t i c u l a r l y i n t h e w e s t e rn h a l f o f I r e l a n d . L e v e l s o f
Y a b o v e 1 8 m g / k g a p p e a r t o b e a s s o c i a t e d w i t h t h e
B r o w n E a r t h s a n d R e n d z i n a s i n G a l w a y a n d t o a s ma l l
e x t e n t i n L i me r i c k . L e v e l s b e l o w 9 m g / k g c o i n c i d e
w i t h t h e o c c u r r e n c e o f P e a t s , P o d z o l s , L i t h o s o l s a n d
G l e y s a r o u n d t h e c o un t r y . A n e x p l a n a t i o n f o r t h e
s p o r a d i c a l l y d i s t r i b u t e d r e l a t i v e l y e l e v a t e d l e v e l s o f Y
a b o v e 1 2 m g / k g i n t h e c e n t r e o f t h e c o u n t r y a n d i n t h e
N o r t h E a s t o f t h e c o u n t r y i s d i f f i c u l t t o e x p l a i n
w i t h o u t f u r t h e r i n v e s t i g a t i o n .

min 5% 25% 50% 75% 95% max
all soils 0.22 0.73 6.94 10.33 14.46 24.04 111.78
mineral 2.18 5.88 8.85 11.28 15.68 24.81 111.78
organic 0.22 0.40 0.87 3.07 7.20 18.31 49.50

Table showing the minimum and maximum and some of the most
important percentiles for total Y concentrations in mg/kg

Y occurs in nature only in very small amounts and is rarely found and never as a free element. It occurs in
most rare-earth minerals. It is used in some alloys, in spark plugs and in colour tubes such as those in
televisions. Y is not known to be an essential element for any organisms and can be toxic or carcinogenic in
high concentrations, although these rarely occur.
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Zn Zinc

T ypica l l y , uncon tamina ted soi l s wi l l have Zn
concent r a t i ons o f 17 to 160 mg/kg ( Iyenga r e t a l . , 1981) .
Leve ls of Zn exceeding 100mg/kg in Ir i sh so i l s a r e
mi r ror ing unde r ly ing impure l imes tones in Dubl in and the
su r rounding count ie s . T here may a l so be a so i l t ype
e f f ec t in these so i l s , a s h igh (bas i c ) pH va lues as soc i a t ed
wi th Grey Brown Podzo l ic s could be min imi s ing the
l eaching of Zn in these so i l s . Zn va lues above 100 mg/kg
in Limer ick a re known to occur a long the base of the
Lower Pal eozoi c in l i e r s where prec ip i t a t i on of the
d is so lved meta l occur s unde r a lka l ine condi t i ons in the
same way as Fe and Mn. Ir e land ranks in the wor ld’ s top
10 fo r Zn concent r a te p roduct ion . At presen t ther e a re
thr ee mines in product ion and two othe r majo r mines
c losed dur ing the pas t 25 year s . The loca l ve ry high
concent r a t i ons exceeding 300mg/kg a t t he border in
Monaghan and in nor th Clar e ar e re la ted to mining
ac t i v i t y . Zn l eve l s of 40 mg/kg were evident i n Pea t and
Podzo l so i l s . T he med ian value fo r Zn repor ted in th i s

s tudy for minera l so i l s i s s imi la r t o those of Nor thern
Ir e l and (65 ,4 mg/kg, J ordan e t a l . , 2002) , Scot l and (48
mg/kg, Pa t er son e t a l . , 2002) , and England and Wales (82
mg/kg, McGrath and Love l and , 1992) .

min 5% 25% 50% 75% 95% max
all soils 3.6 15.9 35.6 62.6 90.8 144.7 1384.4
mineral 8.6 24.9 49.2 72.7 98.2 150.4 1384.4
organic 3.6 10.4 19.6 28.1 44.3 99.6 304.2

Table showing the minimum and maximum and some of the most
important percentiles for total Zn concentrations in mg/kg

Zn is the most commonly used metal after Fe, Al and Cu. Contamination of soils with Zn occurs from mine
wastes, fertilisers and sewage sludge and aerial deposition. Zn and its compounds are used in galvanized
steel, various alloys and batteries. Zn is an essential trace element for plants and animals and is a
standard ingredient in vitamin and mineral supplements. Excessive ingestion of Zn is toxic, but levels of
toxicity depend on the organism and developmental stage. Both high and low Zn concentrations in soils can
be a cause for concern. Zn in soil systems can reduce the speed of organic matter breakdown and negatively
influence the activity of soil organisms. The Sewage Sludge Directive sets limit values for Zn of 150 to 300
mg/kg in soil receiving sewage sludge applications.
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Acronyms
EPA Environmental Protection Agency (Ireland)
EC European Commision
EEC European Economic Community
EU European Union
ICP-OES Inductively Coupled Plasma-Optical Emission Spectroscopy
ICP-MS Inductively Coupled Plasma Mass Spectroscopy
ORS Old Red Sandstone
SOC Soil Organic Carbon
SOM Soil Organic Matter
SSSA Soil Science Society of America
WRB World Reference Base
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