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In Finland, a Government Decree on the Assessment of Soil Contamination and Remediation Needs has
generated a need for reliable and readily accessible data on geochemical baseline concentrations in Finnish
soils. According to the Decree, baseline concentrations, referring both to the natural geological background
concentrations and the diffuse anthropogenic input of substances, shall be taken into account in the soil
contamination assessment process. This baseline information is provided in a national geochemical baseline
database, TAPIR, that is publicly available via the Internet.
Geochemical provinces with elevated baseline concentrations were delineated to provide regional
geochemical baseline values. The nationwide geochemical datasets were used to divide Finland into
geochemical provinces. Several metals (Co, Cr, Cu, Ni, V, and Zn) showed anomalous concentrations in seven
regions that were defined as metal provinces. Arsenic did not follow a similar distribution to any other
elements, and four arsenic provinces were separately determined. Nationwide geochemical datasets were
not available for some other important elements such as Cd and Pb. Although these elements are included in
the TAPIR system, their distribution does not necessarily follow the ones pre-defined for metal and arsenic
provinces.
Regional geochemical baseline values, presented as upper limit of geochemical variation within the region,
can be used as trigger values to assess potential soil contamination. Baseline values have also been used to
determine upper and lower guideline values that must be taken into account as a tool in basic risk
assessment. If regional geochemical baseline values are available, the national guideline values prescribed in
the Decree based on ecological risks can be modified accordingly.
The national geochemical baseline database provides scientifically sound, easily accessible and generally
accepted information on the baseline values, and it can be used in various environmental applications.
l rights reserved.
© 2010 Elsevier B.V. All rights reserved.
1. Introduction

In Finland, a new Government Decree on the Assessment of Soil
Contamination and Remediation Needs (214/2007) came into force in
June 2007. According to the Decree, baseline concentrations, referring
both to the natural geological background concentrations and the
diffuse anthropogenic input of substances, shall be taken into account
in the assessment process. If the regional geochemical baseline of an
element exceeds the threshold value given in the Decree, the regional
geochemical baseline is to be used as the trigger value for the
assessment of soil contamination. The new Decree has therefore
generated a need for reliable and readily accessible data on
geochemical baseline concentrations in Finnish soils. This information
is provided in a national geochemical baseline database, TAPIR. The
database was developed in co-operation between the Geological
Survey of Finland (GTK) and the Finnish Environment Institute
(SYKE). In addition to GTK and SYKE, several Finnish consulting
companies will both provide and use the required information on the
geochemical baseline concentrations. MTT Agrifood Research Finland
has also provided baseline information on agricultural soils for the
database.

The terms “background” and “baseline” are often used as
synonymous (e.g. Galuszka, 2007). The term “natural background”
is widely used to infer background levels reflecting natural processes
uninfluenced by human activities (Reimann and Garrett, 2005). Lee
and Helsel (2005) define baseline as “summary of existing conditions
over some time frame for some environmental system, or material of
interest that typically do include influence of human activities”.
Baseline represents a measure of a given sample in a specific location
and time (e.g. Galuszka, 2007). Reimann and Garrett (2005) do not
support the use of the term “baseline”. They have introduced the term
“ambient background” that describes “the unmeasurably perturbed
and no longer pristine natural background”. However, Reimann and
Garrett (2005) also argue that “many slightly elevated levels in soils
and sediments reflect ambient background and are no longer natural
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since natural background no longer exists”. Thus, the term “natural
background” could be used as long as natural processes can still be
noticed. The TAPIR system presented in this article uses the term
“baseline” to refer both to the natural geological background
concentrations and the diffuse anthropogenic input of substances at
regional scale. The chosen terminology follows the one used in the
FOREGS geochemical baseline mapping programme (Salminen et al.,
2005; De Vos and Tarvainen, 2006).

The TAPIR system consists of two separate databases: a relational
database for geochemical baseline analysis from individual sampling
points and another database for regional statistical summary data.
Access to the point-wise database is restricted to the data providers
and to the managing authority, GTK. Each data provider, such as a
research institute, a university or a private consulting company, can
enter field observations and analytical data from geochemical baseline
sampling sites to the point-wise database using a web-based
interface. Information on geochemical baseline concentrations from
different soil parent materials and sampling depths is entered
separately. The managing authority can then accept or reject the
suggested baseline observations. The accepted analytical results are
used to calculate statistics for pre-described geographical regions,
referred to as geochemical provinces that were originally delineated
by Eklund (2008).

The latter part of the database system holds the statistical
summary information from the pre-defined geochemical provinces.
Statistics are regularly calculated separately for each soil parent
material type and for each geochemical province. These summary
data are publicly available through a web-based geographical user
interface (http://www.gtk.fi/tapir).
2. Materials and methods

Awide variety of observational data can be saved in the point-wise
database of the TAPIR system. Information is collected via datasheets
by logging into the web-based interface. Contact information is first
entered on the organization responsible for sampling. This informa-
tion is required in order to continue data input. The general
information datasheet collects information on the sampling proce-
dure including name of the person who has taken the samples and the
sampling date. The general information datasheet also compiles
information on the sampling site as well as the sample itself. The data
provider can enter the name and coordinates of the sampling site, the
sampling depth, a description of the sampling site (pre-defined list of
sites), the sample material (pre-defined list of possible sampling
types: till, sand, clay, man-made ground, and humus), sample type
(single sample or composite sample), groundwater level (if known)
and possible source of diffuse contamination that can easily be
observed at the sampling site (pre-defined list of possible contami-
nation sources). Information on coordinates of the sampling site and
on sample material is mandatory, other information is entered if it is
available.

The inorganic substances datasheet collects information on
analysis results. The database only accepts analysis results from the
b2 mm grain size fraction. The leaching method has to be selected as
either aqua regia extraction or concentrated nitric acid leach. The
Finnish Environmental Administration Guidelines relating to the
Decree (214/2007) describe the recommended analytical methods
when investigating possible soil contamination (Ministry of the
Environment, 2007). Either aqua regia extraction (ISO 11466, 1995)
or a concentrated nitric acid leach method (USEPA 3051A, 1998) is
suggested. The determined concentrations for selected trace elements
can be entered for one or several elements. In addition to the trace
elements As, Cd, Co, Cr, Cu, Hg, Ni, Pb, Sb, V and Zn indicated in the
Decree (214/2007), some other relevant and potentially harmful
elements (Tl, Ba, B, Mo, Se and Sn) are included in the database.
Since the baseline concentration refers to both the natural geological
background concentrations and the diffuse anthropogenic input of
elements, it is also possible to provide information on analytical results
for some organic compounds to the database, although these com-
pounds are not usually natural in origin. PAH as well as PCB datasheets
collect informationon such samples. The concentrations canbe reported
as total concentrations of PAH compounds or PCB congeners based on
the Decree (214/2007), or as concentrations of a single compound or
congener. The nameof the laboratory and analysismethod used can also
be noted.

The TAPIR system has determined acceptable concentration levels
for each element to be considered as a baseline concentration. The
lower guideline value is set as a maximum acceptable concentration
for those trace elements and organic compounds that are indicated in
the Decree (214/2007). For the other elements the limits are based on
other existing risk-based reference values. However, GTK as a
managing authority is able to decide if higher concentrations are
also eligible to be included in the TAPIR system e.g. due to specific
geological conditions of an area.

In the detailed assessments of soil contamination and especially in
risk assessment procedures more parameters such as pH, total carbon
content and cation exchange capacity are often needed. This
information is not collected to the TAPIR system thus it has originally
been generated to provide information on regional baseline concen-
trations to be used in the first phase of tiered based risk assessment.

Though neither grain size distribution nor clay or organic carbon
contents are documented from the samples in the TAPIR system, the
information on soil parent material is mandatory. The TAPIR system
distinguishes theused samplematerial in nine classes based on variation
ingrain sizeandorganic carboncontent: (1) glacial till, (2) clayandother
fine-grained sediments, (3) sand and other coarse-grained sorted
sediments, (4) humus or other natural biogenic topsoil, (5) peat,
(6) man-made soil dominated by biogenic material, (7) coarse-grained
man-made soil, (8) fine-grainedman-made soil, and (9) man-made soil
with variable texture. Statistics (e.g. median, mean, 25th and 75th
percentiles) are always calculated to each sample material separately.

The scheme of the TAPIR system is illustrated in Fig. 1.
In 1997, Salminen and Tarvainen (1997) demonstrated that

geochemical background concentrations in Finland change regionally
according to the bedrock geology and locally according to the type and
genesis of overburden. Salminen and Gregorauskiene (2000) com-
pared geochemical baseline concentrations in two very different
geological environments in Finland and in Lithuania. Geochemical
baseline concentrations are dependent on bedrock geology, the
provenance of the sample material collected, the sample medium
(e.g. topsoil, stream sediment), its grain size and the extraction
method. In the TAPIR system, all the metal analysis results are based
on aqua regia extraction or concentrated nitric acid leach, the
analysed grain size is b2 mm, and statistics are calculated for different
soil parent material types. However, even within Finland the chemical
composition of soil parent material varies between geological units.
Thus, it will not be possible to define a single baseline value for each
soil parent material type that is valid throughout the country. This is
why geochemical provinces are introduced in the TAPIR system and
statistics are presented for each soil parent material within each
geochemical province separately.

Reimann and Garrett (2005) concluded that geochemical mapping
at an appropriate scale is essential to construct amap showing areas of
relatively homogeneous geochemistry. A map of geochemically
homogeneous areas with other relevant information can be used to
deduct the natural and anthropogenic processes that determine the
distribution of elements.

GTK carried out nationwide geochemical mapping of till in Finland
on a reconnaissance scale (1 sample/300 km2) in 1983 (Koljonen, 1992)
and on a regional scale (1 sample/4 km2) during 1984–1992 (Salminen,
1995). These surveys provided information on the natural elemental
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Fig. 2. Hierarchical clustering results (dendrogram) of the element concentrations in
the fine-fraction of glacial till in Finland. The dendrogram is based on samples from the
nationwide geochemical mapping of till in Finland (Koljonen, 1992). 511p=total
dissolution, ICP-AES; 900n=neutron activation analysis.

Fig. 3.Geochemical baseline provinces for metals. 1=Southern Finlandmetal province;
2=Varkaus metal province; 3=Northeastern metal province; 4=Oulainen metal
province; 5=Kemi metal province; 6=Lapland metal province; 7=Enontekiö metal
province.

Fig. 1. Scheme of the TAPIR system.
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distribution in slightly weathered subsoil of the most common soil
parentmaterial in Finland, glacial till. These datasetswere used todivide
Finland into geochemical provinces. Determinations of Cd, Hg and Pb
were missing from these nationwide mapping programmes, but the
concentrations of these elements were determined in the later Barents
Ecogeochemistry project (Salminen et al., 2004).

Koljonen (1992) divided Finland into geochemical provinces and
sub-provinces according to the co-occurrence of elements. This
delineation was based on the chemical composition of the underlying
bedrock, which reflects the chemical concentrations in till. While
delineating the provinces presented in the TAPIR system, the threshold
values indicated in the Government Decree on the Assessment of Soil
Contamination andRemediationNeeds (214/2007)were also taken into
account. The distribution of concentrations was examined and
provinces were delineated based on a comparison with both threshold
values and geological and geochemical data (Eklund, 2008). Provinces
presented in the TAPIR system indicate the distribution of smaller
amounts of trace elements than the provinces presented by Koljonen
(1992).

The similarity of the elemental distribution of studied elements
was tested with hierarchical cluster analysis. The results indicated
that Co and V have a similar distribution, following that of Cu, Ni, Cr
and Zn. These elements were selected to present areas with ascending
concentrations, i.e. metal provinces. The distribution of the remaining
studied elements, As, Sb and Pb, was not similar to that of any other
elements. The results of hierarchical cluster analysis are presented as a
dendrogram in Fig. 2.
Several metals (Co, Cr, Cu, Ni, V, and Zn) showed anomalous
concentrations in seven regions, which were defined as metal
provinces 1–7 (Fig. 3). The threshold values given in the Decree
(214/2007) are occasionally exceeded in natural till parent material in
these areas. The regional baseline value of the metal concentration
should be used as the trigger value for assessing soil contamination.
The regional distribution of arsenic is different from the above-
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Fig. 5. Example of the boxplot presentation of the distribution of arsenic in topsoils
within Southern Pirkanmaa arsenic province. The upper whisker line defines the upper
limit of the background variation in the TAPIR system.
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mentioned metals. Thus, an alternative province map with four
anomalous areas was designated for As (Fig. 4).

Concentrations of Sb in glacial till hardly ever exceed the threshold
value of 2 mg kg−1 given in the Decree (214/2007). Due to lack of
nationwide information, Sb provinces have not been defined, but it
will be possible to distinguish areas with ascending Sb concentrations.
At present, Sb is included in the arsenic provinces.

There was also lack of nationwide analytical data for Hg, Cd and Pb
concentrations to define anomaly provinces for these elements. The
statistical parameters for these elements are presented within metal
provinces. The other potentially harmful elements (Tl, Ba, B, Mo, Se
and Sn) presented in the TAPIR system are also reported within metal
provinces.

Statistics are separately calculated for each geochemical province
and each soil parent material type. In addition to the most common
statistical parameters such as themedian andmean, the upper limit of
the baseline variation within a geochemical province is an important
parameter for decision makers. As suggested in the Annex B of the ISO
19258:2005 standard (2005), upper outliers are to be removed using
box and whisker plots. The maximum acceptable baseline concentra-
tion for a geochemical province is to be based on the upper limit of the
upper whisker line (Fig. 5).

The upper limit of geochemical baseline variation for element
X (ULBLX) can be calculated as follows:

ULBLX = P75 + 1:5 × P75−P25ð Þ ð1Þ
Fig. 4. Geochemical baseline provinces for arsenic. 1=Southern Finland arsenic
province; 2=Ilomantsi arsenic province; 3=Kittilä arsenic province; 4=Southern
Pirkanmaa arsenic province.
where

P75 75th percentile of element X concentrations
P25 25th percentile of element X concentrations.

Four different methods for the removal of outliers from the
datasets were tested: normal probability plots, log-transformed
probability plots, a box and whisker plot after logarithmic transfor-
mation and a box and whisker plot. The methods are described in
detailed in the Annex B of the ISO 19258:2005 standard (2005). A box
and whisker plot without any logarithmic transformation led to the
highest number of upper outliers and it was chosen for the
calculations of the upper limit of geochemical baseline variation for
elements, following the precautionary principle. This method enables
to achieve robust estimate of upper limit of geochemical baseline
variation even if datasets are relatively small.

Reimann et al. (2005) have shown that the boxplot is a statistically
orientedmethod to identify outliers as long as they comprise less than
15% of a dataset. Outliers and extreme values above the upper whisker
line may represent natural concentrations of an element at the
sampling site. However, they are most probably not representative of
the geochemical province as a whole.

The differences in concentrations between pre-defined metal or
arsenic provinces and the surrounding areawere testedwith theMann–
Whitney and the Kolmogorov–Smirnov tests. The Mann–Whitney Test
is commonly used to compare the medians of two independent groups,
while the Kolmogorov–Smirnov Test is used to compare the cumulative
distribution of two independent sample groups.

To test and better illustrate the differences in concentrations
between provinces, a quantile probability plot, i.e. a Q–Q plot was
used. This is a graphical technique for determining whether two
datasets come from populations with a common distribution. The
normal Q–Q plot that was used in this study graphically compares the
distribution of given variables to a normal distribution. StatSoft©
STATISTICA data analysis software system, version 9.0 was used.
Alongside a Q–Q plot, beanplots were also used to compare the
distribution of different groups. A beanplot is an alternative to the
boxplot for visual comparison of data between groups (Kampstra,
2008). Beanplots were developed by using R software for statistical
computing and graphics.

Due to the lack of nationwide geochemical data for different
sampling media, only till samples were included in these statistical
tests. Concentrations exceeding the upper limits of geochemical
baseline values of each province were excluded from the testing. The
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aim was to determine whether there is a difference between
concentrations in the provinces and the surrounding area, i.e. to test
the confidence of the pre-defined geochemical provinces.

Currently, the TAPIR system includes data mostly from nationwide
geochemical mapping programmes that have collected samples from
rural areas. Only recently geochemical mappings have concentrated
on urban areas and their surroundings, and samples with possible
anthropogenic influence are only available from restricted areas. Thus,
separate “urban geochemical provinces” could not yet be defined.
Some information on detailed geochemical baselines studies in urban
areas and their surroundings are, however, already available via the
TAPIR system.

3. Results

The identified geochemical metal and arsenic provinces and their
general geological characteristics are presented in Table 1. In Figs. 6
and 7, the provinces are presented together with bedrock maps. The
special characteristics in bedrock that influence element concentra-
tions and their distribution are not necessarily seen on the maps in
Figs. 6 and 7 due to downscaling and generalization of bedrock
mapping data. The recommended geochemical baseline values, which
are based on the upper limit of geochemical baseline variation
(Eq. (1)), are presented for each pre-defined geochemical arsenic
province in Table 2 and those for geochemical metal provinces in
Tables 3–5.
Table 1
Geochemical provinces and their general geological characteristics.

Bedrock Till

Metal provinces
1. Southern Finland Svecofennian and Karelian mica schists, mica

gneisses and migmatites (northern part;
Pirkanmaa belt); Svecofennian and Karelian
mafic to intermediate metavolcanic rocks
(southern part; Häme belt) (Kähkönen, 2005)

Medium
fraction

2. Varkaus Svecofennian and Karelian mica schists, mica
gneisses and migmatites (Saimaa area)
(Kähkönen, 2005)

Medium
content

3. Northeastern Finland Supracrustal greenstone belt within the
Karelian domain (Sorjonen-Ward and
Luukkonen, 2005), abundance of black shale
(Arkimaa et al., 2000)

Medium
content
(Lintine

4. Oulainen Svecofennian and Karelian mica schists, mica
gneisses and migmatites (Pohjanmaa belt)
(Kähkönen, 2005).

High fin
(Lintine

5. Kemi Peräpohja belt, including layered mafic
intrusions and volcanic sedimentary layers
(Laajoki, 2005).

Medium
content

6. Lapland Central Lapland greenstone belt and
Lapland granulite belt (Hanski and Huhma,
2005)

Central
fines an
(Lintine

7. Enontekiö Archean gneiss and granite (Hanski and
Huhma, 2005), Caledonian assemblages

Low fine
(Lintine

Arsenic provinces
1. Southern Finland Svecofennian domain (Kähkönen, 2005) Varies f

1995)

2. Ilomantsi Ilmonatsi greenstone belt, Svecofennian
and Karelian mica schists, mica gneisses
and migmatites (Kähkönen, 2005).

Medium
(Lintine

3. Kittilä Central Lapland greenstone belt (Hanski
and Huhma, 2005)

High fin
(Lintine

4. Southern Pirkanmaa Svecofennian and Karelian mica schists,
mica gneisses and migmatites (northern
part; Pirkanmaa belt); Svecofennian and
Karelian mafic to intermediate metavolcanic
rocks (southern part; Häme belt)
(Kähkönen, 2005)

Medium
fraction
Comparison of As and Sb concentrations between the arsenic
provinces (Southern Finland and Southern Pirkanmaa) and the
surrounding area with Mann–Whitney and the Kolmogorov–Smirnov
tests showed highly significant differences. The differences between
three provinces were evident while illustrating the distribution with a
Q–Q plot (Fig. 8) and with a beanplot (Fig. 9). The surrounding area is
dominated by lower arsenic concentrations when comparing the
shape of the beanplots to those of arsenic provinces. On the other
hand, the Southern Pirkanmaa arsenic province has higher concen-
trations than the Southern Finland arsenic province. Thus, it is
reasonable to use the upper limit of baseline variations that have been
specifically defined for arsenic provinces instead of national geo-
chemical baseline values.

Comparison of Co, Cr, Cu, Ni, Zn and V concentrations between the
metal provinces and surrounding area also revealed highly significant
differences. The difference between metal provinces was evident
while illustrating the distribution of Cr and Ni concentrations with a
beanplot (Figs. 10 and 11). The surrounding area is dominated by
lower concentrations when comparing the shape of the beanplots to
those of metal provinces. Thus, it is also reasonable to use the upper
limit of baseline variations that have been specifically defined for
metal provinces instead of national geochemical baseline values for
these metals. According to the Kolmogorov–Smirnov Test results, the
most extreme differences were positive.

Comparison of Hg, Cd and Pb concentrations between metal
provinces (Southern Finland and Lapland) and the surrounding area
Other comments concerning concentrations

or high fines and high clay
content (Lintinen, 1995)

Upper limit of baseline variation higher than the
threshold value in fine-grained sediments for Co,
Cr, Ni and V, and in humus for Pb.
Upper limit of baseline variation higher than in
surrounding areas in till and sand for Co, Cr, Cu,
Ni, Zn, V, Tl, Ba, Mo and Be.

fines and low clay fraction
(Lintinen, 1995)

Upper limit of baseline variation higher than in
surrounding areas in till for Co, Cr, Cu, Ni, Zn, V
and Ba.

fines and low clay fraction

n, 1995)

Upper limit of baseline variation higher than
in surrounding areas in till for Co, Cr, Cu, Ni,
Zn, V and Ba.

es and clay content
n, 1995)

Upper limit of baseline variation higher than in
surrounding areas in till for Co, Cr, Cu, Ni, Zn, V
and Ba.

fines and low clay fraction
(Lintinen, 1995)

Upper limit of baseline variation higher than in
surrounding areas in till for Co, Cr, Cu, Ni, Zn, V
and Ba.

part of the province has high
d clay fraction content
n, 1995)

Upper limit of baseline variation higher than in
surrounding areas in till for Co, Cr, Cu, Ni, Zn, V
and Ba.

s and clay fraction content
n, 1995)

Upper limit of baseline variation higher than in
surrounding areas in till for Cu, Ni, Zn, V and Ba.

rom low to high (Lintinen, As: Upper limit of baseline variation higher than
threshold value for all soil parent material Sb:
Upper limit of baseline variation higher than in
surrounding areas in till and sand

fines and low clay content
n, 1995)

As: Concentrations exceed national baselines

es and clay fraction content
n, 1995)

As: Concentrations exceed national baselines

or high fines and high clay
content (Lintinen, 1995)

As: Upper limit of baseline variation higher than
the threshold value for all soil parent material
except humus Sb: Upper limit of baseline
variation higher than in surrounding areas in till



Fig. 6. Metal provinces in the generalized bedrock map of Finland. Bedrock map©
Geological Survey of Finland.

Fig. 7. Arsenic provinces in the generalized bedrock map of Finland. Bedrock map©
Geological Survey of Finland.
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showed highly significant differences, except for Hg, when comparing
the Lapland metal province with the surrounding area. In latter case,
the difference was significant at the 0.034 significance level. Thus, Hg
concentrations do not necessarily follow the delineation of the
Lapland metal province. Based on the Kolmogorov–Smirnov Test,
the extreme differences were mainly positive. However, negative
differences were also found. The most extreme difference was
negative when comparing Cd and Pb between the Lapland metal
province and the surrounding area. This means that Cd and Pb
concentrations in the Lapland province are often lower than in the
surrounding area. The difference between Southern Finland and
Lapland metal provinces and the surrounding area was evident while
illustrating the distribution of Pb concentrations with a beanplot
(Fig. 12). The concentrations were lowest in Lapland and there was
also no marked difference in the distribution of concentrations
between Southern Finland and the surrounding areas.

The use of metal province delineation for Hg, Cd and Pb should still
be considered. Previous studies in South Finland have shown that
anthropogenic diffuse input can be a relevant factor determining the
concentrations of these elements in mineral topsoil at regional scale
(e.g. Tarvainen et al., 2006; Hatakka et al., 2010). In the surroundings
of the Helsinki metropolitan area, Hg, Cd and Pb showed enrichment
in mineral topsoil in comparison to subsoil concentrations (Tarvainen
et al., 2006). In the Tampere region, enrichment of Hg, Cd and Pb in
mineral topsoil was also detected. In addition, the median concen-
tration of Pb in mineral topsoil samples taken inside the municipal-
ities was higher than in mineral topsoil samples representing the
surrounding areas of the Tampere region (Hatakka et al., 2010).
Variation in concentrations at national scale based on geological
factors has not been possible to study due to the lack of nationwide
geochemical data for these elements. In addition, the concentrations
of Hg and Cd in natural soils are low and very often close to the
detection limits.

Comparison of Ba concentrations betweenmetal provinces and the
surrounding area showed highly significant differences. Based on the
Kolmogorov–Smirnov Test, the most extreme differences were
positive. Comparison of Tl concentrations in the Southern Finland
metal province and the surrounding area also showed a highly
significant difference in concentrations. Comparison of Sn concentra-
tions in the Southern Finland metal province and the surrounding
area revealed no significant differences (p=0.333). Thus, Sn
concentrations in the Southern Finland metal province did not differ
from those in the surrounding area.

Comparison of Be, Mo and Se concentrations in metal provinces
(Southern Finland and Lapland) and the surrounding area revealed
highly significant differences, except for Be, between the Lapland
metal province and the surrounding area. In latter case, the difference
was significant at the 0.089 significance level. Thus, Be concentrations
do not necessarily follow the delineation of the Lapland metal
province. Based on the Kolmogorov–Smirnov Test, the most extreme
difference was negative when comparing Se and Mo between the
Lapland metal province and the surrounding area. This means that Se
andMo concentrations in the Lapland province are often lower than in
the surrounding area. Negative differences were also found in other
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Table 3
Upper limit of baseline variationof Co, Cr, Cu,Ni, V andZnwithinpre-definedmetal provinces
in various soil parent materials. All values are given as mg kg−1. Shading indicates that the
upper limit of baseline variation exceeds the threshold value prescribed in the Decree on the
Assessment of Soil Contamination and Remediation Needs (214/2007). The number of
samples varies greatly but is always N30.

Table 2
Arsenic concentration in various soil parent materials within the pre-defined arsenic
provinces of Southern Finland and Southern Pirkanmaa and within the surrounding area.
N=number of samples. ULBL=Upper Limit of BaseLine variation. Threshold value refers to
theDecree (214/2007). All values are given asmg kg−1. Shading indicates that theupper limit
of baseline variation exceeds the threshold value prescribed in the Decree on the Assessment
of Soil Contamination and Remediation Needs (214/2007).

Table 4
Upper limit of baseline variation of Hg, Cd and Pb within pre-defined metal provinces in
various soil parentmaterials. All values are given asmg kg−1. Shading indicates that upper
limit of baseline variation exceeds the threshold value prescribed in the Decree on the
Assessment of Soil Contamination and Remediation Needs (214/2007). The number of
samples varies greatly but is always N30.
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cases, indicating that Be, Mo and Se concentrations in metal provinces
do not necessarily differ from those in the surrounding area.

The use of metal province delineation for Be, Mo, Se and Sn should
still be considered. Variations in concentrations at national scale based
on geological factors have not been possible to study due to the lack of
nationwide geochemical data for these elements. While investigating
the concentrations of selenium it must also be pointed out that Se
concentrations in natural soils are rather low and very often close to
the detection limit.

4. Discussion

In the surrounding area outside the pre-defined provinces, arsenic
concentrations were usually lower than the threshold value of
5 mg kg−1 given in the Decree (214/2007). On the other hand, the
upper limit of baseline variation was higher than the threshold value
in most of the soil parent material types within the Southern Finland
arsenic province and the Southern Pirkanmaa arsenic province
(Table 2). Thus, it is recommended to use redefined baseline
concentration levels while assessing soil contamination in these
areas. The summary statistics have not been calculated for the arsenic
provinces of Ilomantsi and Kittilä because the number of samples was
less than 30. Arsenic province delineations can also be used to predict
ascending baseline levels for Sb.

The concentrations of Co, Cr, Cu, Ni, V and Zn were higher within
the pre-defined metal provinces compared to the background areas
outside them (Table 3). However, the upper limit of the baseline
variation seldom exceeded the threshold values given in the Decree
(214/2007). The concentrations of Cd, Hg and Pb (Table 4) and B, Ba,
Be, Mo, Se, Sn, and Tl (Table 5) are also given based on pre-defined
metal provinces. However, the concentrations of these elements do
not necessarily follow the metal province delineation, as described
above.

The pre-defined geochemical provinces presented in the TAPIR
system can be used while estimating the geochemical baseline
concentrations for sandy soils and especially for glacial tills. However,
geochemical baseline concentrations of fine-grained sediment do not
necessarily follow the distribution of these geochemical provinces.



Table 5
Upper limit of baseline variation of B, Ba, Mo, Se, Sn, Be and Tl within pre-defined metal
provinces in various soil parent materials. All values are given as mg kg−1. The number
of samples varies greatly but is always N30.

B
mg kg−1

Ba
mg kg−1

Mo
mg kg−1

Se
mg kg−1

Sn
mg kg−1

Be
mg kg−1

Tl
mg kg−1

Southern Finland metal province
Humus 8.7 240 1.6 0.90 0.38 0.42
Clay 13 310 2.7 0.65 2.7 2.2 0.82
Till 140 2.9 0.94 1.8 2.7 0.53
Sand 2.8 110 2.2 1.0 1.4 1.1 0.43

Varkaus metal province
Till 110

Northeastern Finland metal province
Till 110

Oulainen metal province
Till 145

Kemi metal province
Till 150

Lapland metal province
Till 170 0.70 0.20 0.79

Enontekiö metal province
Till 170

Surrounding area
Humus 1.5 170 0.70 0.20 5.0 0.79 0.41
Clay 20 320 2.7 1.1 4.3 2.2 0.94
Till 92 1.7 1.1 2.0 0.96 0.36
Sand 59 1.0 0.90 2.0 0.95 0.38
Peat 200 1.5 0.65

Fig. 9. A beanplot of arsenic concentrations in till in two geochemical baseline provinces
for arsenic, Southern Finland and Southern Pirkanmaa, and in the surrounding area.
Individual observations are shown as small black lines and the median value with a
longer black line. The gray area shows the distribution of concentrations. The scale is
logarithmic. Number of samples (n): Southern Finland n=399, Southern Pirkanmaa
n=184, surrounding area n=211.
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Based on regional geochemical mappings (Tarvainen et al., 2003,
2006; Kuusisto and Tarvainen, 2008; Hatakka et al., 2010), baseline
concentrations of fine-grained sediments are usually higher than
baseline concentrations of glacial tills or sandy soils, correlating with
the higher clay fraction content. The main factor affecting the
increased element concentrations in the anomalous zones is the
variation in mica and clay mineral types (Räisänen et al., 1992), but
organic matter and the oxyhydroxides of iron, aluminium and
Fig. 8. A normal Q–Q plot of arsenic concentrations in till in two geochemical baseline
provinces for arsenic, Southern Finland and Southern Pirkanmaa, and in the surrounding
area. The upper limit of baseline variation of Aswithin pre-defined arsenic provinces in till
is marked with a dotted line for the surrounding area (2.9 mg kg−1), with a black line for
the Southern Finland arsenic province (9.0 mg kg−1) and with a dashed line for the
Southern Pirkanmaa arsenic province (26 mg kg−1). Number of samples (n): Southern
Finland n=399, Southern Pirkanmaa n=184, surrounding area n=211.
manganese are also effective sorptive compounds in soils, resulting
in the enrichment of most trace elements, including Mn, Co, Cu, Ni, Zn
and Pb.

In Finland, numerous sediment cores were taken from 124 lakes
between 1998 and 2001. Each core extended from the top of the
sediment down to the point marking the isolation of the lake basin.
Multi-element determinations from nitric acid extracts have been
performed on these samples and natural average concentrations have
been calculated (Mäkinen and Pajunen, 2005). Comparison of the
geochemistry of aquatic sediments and the fine till fraction
(Øb63 μm) has shown that mean element concentrations are usually
lower in the till fines than in the aquatic sediments (Mäkinen, 2005).
Lake sediment analyses are currently included in the TAPIR system
and in calculations of regional baseline values for fine-grained
sediments. The samples from the pre-isolation sediment layer
representing all the water-borne sediments were selected from the
lake sediment cores. The organic carbon content of these layers is
usually less than 4% and they represent the element distribution in the
lake basin before isolation (Mäkinen, 2005). It is necessary to define
geochemical provinces separately for fine-grained sediments not
Fig. 10. A beanplot of chromium concentrations in seven geochemical baseline provinces
formetals and in the surrounding area. Themedian value is shownwith a longer black line.
Individual observations are not shown due to large number of samples. The gray area
shows the distribution of concentrations. The scale is logarithmic. The name of the metal
provinceandnumber of samples (n) are as following:1=SouthernFinlandmetal province
(n=4726), 2=Varkaus metal province (n=626), 3=Northeastern Finland metal
province (n=6441), 4=Oulainen metal province (n=576), 5=Kemi metal province
(n=1820), 6=Lapland metal province (n=11,897), 7=Enontekiö metal province
(n=629), 8=Surrounding area (n=57,131).
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Fig. 11. A beanplot of nickel concentrations in seven geochemical baseline provinces for
metals and in the surrounding area. The median value is shownwith a longer black line.
Individual observations are not shown due to the large number of samples. The gray
area shows the distribution of concentrations. The scale is logarithmic. The name of the
metal province and number of samples (n) are as following: 1=Southern Finlandmetal
province (n=4726), 2=Varkaus metal province (n=626), 3=Northeastern Finland
metal province (n=6441), 4=Oulainen metal province (n=576), 5=Kemi metal
province (n=1820), 6=Lapland metal province (n=11,897), 7=Enontekiö metal
province (n=629), 8=Surrounding area (n=57,131).
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following the delineation defined for glacial till and sandy soils, or
even consider presenting national baseline values for fine-grained
sediments. However, the geochemical provinces for fine-grained
sediments have not yet been determined and at present they follow
the delineation of existing arsenic and metal provinces.

Man-made ground can also have varying chemical properties. The
concentrations of many substances are elevated in the urban
environment as a result of diffuse contamination. The ground is
often disturbed and filled in, and might have a different geochemical
signature compared to the surface deposits of the surrounding rural
area. Even in undisturbed urban areas, the concentrations of many
potentially harmful substances can be elevated relative to the rural
background as pointed out by Ellison et al. (2002). Thus, to assess and
provide baseline information for urban areas, site-specific examina-
tions of the geochemical conditions in the area under investigation are
required. Recent geochemical baseline studies in Finland have focused
on defining geochemical baseline values for various soil parent
materials around urban areas, and samples have been taken from
visually undisturbed, natural soil. Few studies have been carried out
within urban centers, where the samples have mainly been taken
Fig. 12. A beanplot of lead concentrations in two geochemical baseline provinces for
metals, Southern Finland and Lapland, and in the surrounding area. Individual
observations are shown as small black lines and the median value with a longer
black line. The gray area shows the distribution of concentrations. The scale is
logarithmic. Number of samples (n): Southern Finland n=262, Lapland n=150,
surrounding area n=401.
from the central parks of cities and municipalities (e.g. Salla, 1999;
Peltola, 2005; Salonen and Korkka-Niemi, 2007; Jarva and Tarvainen,
2008). In these studies, the concentrations of studied elements have
mostly been at the same level within and around urban centers. This
outcome differs from the one presented by Ellison et al. (2002) in
Great Britain. The TAPIR system provides a possibility to download
analysis results from man-made ground. Representative samples to
determine baseline concentrations for urban centers should be
carefully selected. The samples should present the overall concentra-
tions, not any specific point-wise contamination.

The geochemical provinces have been defined at the regional scale.
It was not possible to distinguish and take into account local
geological anomalies or other local “hot spots”. It is still necessary to
define more detailed local geochemical provinces for areas with a
growing population and undergoing housing development, i.e. for
areas where possible soil contamination frequently needs to be
assessed. Reimann et al. (2010) have studied the variation of
background concentrations of Sb of urbanised and the surrounding
agricultural areas in Berlin, Germany. The resulted geochemical map
showed increased concentrations in the central urban area and local
anomalies in the vicinity of the point contamination sources. The
study demonstrates the importance to have geochemical information
both on urbanised areas and on the surroundings. The TAPIR system
also provides information on separate detailed geochemical baseline
studies that have been carried out in the urbanised areas and their
surroundings. These data can be used to estimate local geochemical
baseline values.

Regional geochemical mapping of till covers the whole country
and gives reliable estimates of the geological background for many
trace metals (Co, Cr, Cu, Ni, V, and Zn) in the most common soil parent
material, glacial till. However, geochemical baseline data are very
scarce for many other soil parent materials and for other important
trace elements such as As, Cd, Hg, Pb or Sb. The national database,
which combines data from various data producers, provides a means
to gather information on all soil parent material types and all
provinces in a reasonable time and limits the costs for such a national
inventory.

Diffuse anthropogenic input can also be seen in humus but also in
topsoil samples, with elevated Hg, Cd and Pb concentrations. This is
seen as an enrichment of these elements in mineral topsoil compared
to mineral subsoil in South Finland (Tarvainen et al., 2006; Hatakka et
al., 2010). At the European scale, Hg, Cd and Pb shows enrichment in
topsoil with respect to subsoil which is only partly explained by
geological factors, thus anthropogenic influence is apparent (De Vos
and Tarvainen, 2006). It should, however, be acknowledge that accu-
mulation and enrichment of many elements to the O-horizon may
also be due to natural biochemical cycling and not just due to anthro-
pogenic activities (Reimann et al., 2007). The O- and B-horizons
function as natural geochemical barriers (Goldschmidt, 1937) and thus
enrichment of elements is seen in upper layers.

In addition to the threshold values, the Decree (214/2007)
includes upper and lower guideline values that must be used as a
tool in basic risk assessment. Guideline values describe maximum
acceptable risks to the environment and human health. The upper
guideline values can be applied to industrial areas and the lower ones
to more sensitive land use types. Many of the guideline values have
been defined on the basis of ecological risk, and the national baseline
levels are considered in the derivation process. Guideline values set
for Pb and Sb are based on their estimated health risk. Guideline
values for Hg and Co have been adjusted to a lower level than their
estimated ecological risk due to the lack of information on their
toxicity to the environment (Reinikainen, 2007). If regional geochem-
ical baseline values are available, the guideline values based on
ecological risks can be modified accordingly. Regional guideline
values can be defined by adding the regional baseline value to the
concentration that describes maximum acceptable risks to the
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environment. However, if the guideline values are based on human
health risks, the guidelines should not be modified using the baseline
data.

Guideline values are defined by adding the national baseline
concentration to the concentration that prescribes the maximum
acceptable risk to the environment (Reinikainen, 2007).

Lower guideline limit =N maximum acceptable risk to the environment
+ baseline value

Upper guideline limit =N maximum acceptable risk to the environment
+ baseline value

For example, the concentration of copper that prescribes the
maximum acceptable risk to the environment is 125 mg kg−1. The
national baseline value for Cu is 22 (5–110)mg kg−1 for the most
common soil parent material, glacial till. Thus, the lower guideline
limit for Cu is 150 mg kg−1 (≈125 mg kg−1+22 mg kg−1). In the
fine-grained sediments of the Southern Finland metal province, the
baseline concentration of Cu is 61 mg kg−1. Thus, the regional
lower guideline value for Cu in fine-grained sediments of the
Southern Finland metal province can be calculated as 125 mg kg−1+
61 mg kg−1=186 mg kg−1.

In addition to the ecological and health risks, soil contamination can
pose a risk to the quality of groundwater. Groundwater risks have not
always been considered in the definition of guideline values. Thus,
additional information on potential risks to groundwater is needed if a
contaminated site is located in an important groundwater area. Besides
comparing regional baseline values to the total amount of contaminants
and the total concentrations, the mobility of the contaminants is a key
factor in the assessment of risks to groundwater.

The TAPIR system was established to provide information on
geochemical baselines. In Finland, a tiered approach is suggested for
the assessment of soil contamination starting from a qualitative site
evaluation towards detailed site-specific quantitative risk assessment,
when it can be considered as necessary (Reinikainen, 2008). The upper
limits of geochemical baseline variation of elements that are provided by
the TAPIR system for the geochemical provinces can be used as
assessment thresholds in areas with baseline concentrations higher
than the threshold values given in theDecree (214/2007). The exception
for the use of baseline concentrations instead of the threshold values in
the Decree (214/2007) is mainly given from a policy point of view in
order to avoid inducing obligations to the owners of those sites, where
the elevated soil concentrations are not due to the past or present
activities on the site, and the owner thus cannot be held liable for them.
In addition, the threshold values for inorganic elements have been set by
using added risk approach, i.e. by adding a maximum permissible
addition (MPA) of an element from anthropogenic sources, calculated
based on the available laboratory test data, to the background
concentration (Crommentuijn et al., 1997). The added risk approach
assumes that organisms are adapted to higher concentrations in areas
with higher baselines though it ignores the fact that the bioavailable
fraction of the baseline concentration may also have negative effects on
some organisms. The baseline values in the TAPIR system are defined
regionally following the precautionary principle, i.e. the maximum
acceptable baseline concentration for a geochemical province is not
based on the highest detected baseline concentration but upper outliers
representing the highest concentrations are identified and ignored. The
use of regional baseline values for acknowledgement of assessment
needs supports the identification of sites requiring detailed site-specific
quantitative risk assessment.

5. Conclusions

Geological properties to a great extent determine the distribution
of elements in soil. Not only bedrock but also regional variations in
the fine-fraction content of tills reflecting glaciation processes
define element concentrations. An anthropogenic impact on base-
line levels can be detected especially in man-made soils located in
city centers.

The new Decree on the Assessment of Soil Contamination and
Remediation Needs (214/2007) has prompted the development of a
national database that combines both pre-existing and new soil
geochemical baseline observations. Reliable data on baseline concen-
trations is of particular importance from the viewpoint of site owners
in regions where the baseline values may exceed the threshold values
given in the Decree (214/2007). This is because according to the
Decree (214/2007), the threshold values that are used as trigger
values for the assessment process are to be replaced by the baseline
concentrations whenever they exceed the threshold values. The
recalculations of regional guideline values will give tools to better
assess the remediation needs as well as to choose the best available
remediation technique for the area in question. The national baseline
database, developed in co-operation between Finnish geologists, data
providers and the environmental authorities, provides scientifically
sound, easily accessible and generally accepted information on the
baseline concentrations, thus contributing to rational and transparent
decision-making.
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