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Abstract

The main sources of air pollution with heavy metals in Estonia are the country’s
oil shale fired power stations, the chemical and the building materials industry
and road traffic. The principal power stations and most of heavy industry are
concentrated in the north-eastern part of the country. The relative deposition of
Cd, Cr, Cu, Fe, Ni, Pb, V and Zn in Estonia has been monitored since 1989 by
the method of bioindication, using the mosses Pleurozium schreberi or
Hylocomium splendens as indicator species. The selection of sampling sites and
the collection of moss samples is carried out in accordance with the requirements
of the International Cooperative Programme on Effects of Air Pollution on
Natural Vegetation and Crops. In 1989, heavy metals concentrations in mosses
were the highest in samples from North-East Estonia. By 1995, the surroundings
of Tallinn, the capital city of Estonia, had become the second most polluted area
in Estonia, probably due to increased traffic density and the related increase in
air pollution. In 2005-2008, the changes of the concentrations of most heavy
metals in mosses remained within or close to local variability in all studied
regions. During 1989-2006, the decrease of heavy metals concentrations in
Estonian moss samples has been in correlation with the drop in power production
as well as with the decrease of emission of pollutants due to the implementation
of environmentally friendlier technologies. Due to the introduction of unleaded
petrol in Estonia, the concentration of lead in moss samples has decreased by up
to 60% during 1989-2008.

Keywords: atmospheric pollution, emission sources, heavy metals, mosses as
biomonitors.
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1 Introduction

The widespread carpet-forming mosses Pleurozium schreberi and Hylocomium
splendens possess excellent properties for monitoring the atmospheric deposition
of heavy metals. There are a variety of natural and anthropogenic sources of
heavy metals in the environment.

The main natural sources of heavy metals are volcanic activity, forest fires,
biogenic sources and the erosion of crusty materials (Sucharova and Suchara [1];
Callender [2]). To date the most important sectors of anthropogenic emission of
various common metals are the metals industry (emissions of Al, As, Cr, Cu, Fe,
Zn), other manufacturing and construction industries (emissions of As, Cd, Cr,
Hg, Ni, Pb), electricity and heat production (emissions of As, Cd, Hg, Ni) and
road transport (emissions of Cu, Sb, Pb, V, Zn) (Fukuzaki et al. [3]; Ikeda et al.
[4]; Sternbeck et al. [5]; Adachi and Tainosho [6]; Harmens et al. [7]).

In Estonia, the main sources of heavy metal emissions are thermal power
stations (Eesti Power Plant and Balti Power Plant, whose combined maximum
generation capacity exceeds 3 GW), the cement production plant operated by the
public limited company Kunda Nordic Tsement AS and the chemical industry
(the Nitrofert fertilizer plant, the oil shale processing plant of the Viru Keemia
Group) — all located in North-East Estonia (NE Estonia). In addition to these, the
emissions are produced also by various local industries, heating plants and traffic
around major towns and on major roads (Liiv and Kaasik [8]).

A specific feature in relation to Estonia is its possession of considerable oil
shale deposits. Oil shale has been mined and used in Estonia for more than 80
years — by March 2006, the country had extracted one billion tonnes of oil shale.
Since the 1960s, Estonia has been the largest oil shale producer and consumer in
the world. In the 1980s about two thirds of the world’s oil shale output came
from Estonia (Punning and Raukas [9]).

Thermal combustion of oil shale in power plants leads to increasing amounts
of heavy metal emissions (some of which are radioactive) which are partly
deposited in the ash fields and partly emitted into the atmosphere (Punning and
Raukas [9]). In 2002, about 97% of air pollution, 86% of total waste and 23% of
water pollution in Estonia came from the power industry, which uses oil shale as
the main input for production process (Raukas [10]).

Even in the absence of visible pollution, trace amounts of heavy metals may
accumulate in the environment and, over long periods of time, pose a major
environmental and human health hazard (Walkenhorst ez al. [11]).

In living organisms, heavy metals mostly accumulate in bone cells, kidneys
and liver, where they may cause a variety of chronic diseases, toxemia and even
cancer. Food chain contamination is the most important pathway for the entry of
these chemical elements into the human body (Ferner [12]; Ma ef al. [13]).

The use of widespread native terrestrial mosses as biomonitors is a well-
recognized technique in studies of atmospheric contamination (Riihling and
Tyler [14]; Sucharova and Suchara [1]; Holy ef al. [15]). Mosses are easy to
handle, they lack the cuticle, vascular and root systems and are capable of
absorbing and fixing metallic pollutants from the atmosphere in their tissues over
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long periods of time (Brown [16]; Brown and Brumelis [17]; Tyler [18]; Sawidis
et al. [19]; Thoni et al. [20]; Markert ef al. [21]; Fernandez ef al. [22]).

Monitoring the concentrations of metals in mosses provides a surrogate, time-
integrated measure of the deposition of these elements from the atmosphere to
terrestrial biosystems. The fact that moss biomonitoring studies are
comparatively cheap permits a higher sampling density to be achieved than
would be possible with conventional deposition measurements (Holy ef al. [15];
Harmens et al. [7]).

The relative deposition of Cd, Cr, Cu, Fe, Ni, Pb, V and Zn has been
monitored in Estonia by recording their concentrations in the epigeic mosses
Pleurozium schreberi and/or Hylocomium splendens since 1989, when Estonia
joined the North European air pollution monitoring programme Atmospheric
Heavy Metal Deposition in Northern Europe (Riihling et al. [23]; Mékinen [24]).

2 Methods

Every fifth year (1989/1990; 1995; 2000/2001; 2005/2006) a national moss study
has been carried out in Estonia. The study scheduled for 2010/2011 is currently
in progress — moss samples have already been collected from 100 sampling sites
organised as a grid whose density is approximately 30 km.

In areas where pollution loads are high or critically high, a denser sampling
grid has been used (Liiv and Kaasik [25]). Thus, in 1992, 1997, 2002, and 2007
moss samples were collected around two large oil shale fired thermal power
stations and a cement factory in the north-eastern part of the country (NE
Estonia). In 2003 and 2008, moss samples were collected along the transects
originating from Tallinn (the capital city of Estonia with 403,000 inhabitants)
within a 35 km radius, fig. 1.

Sampling sites were selected with a view to meeting the requirements of the
standardized methodology elaborated by the European bio-monitoring project
(Riihling et al. [23]).

The sampling of mosses was adapted to the methods of European moss study
(Riihling et al. [26]; Atmospheric Heavy Metal Deposition in Northern Europe
[27]). There was no significant interspecies difference in the uptake of Cd, Cr,
Cu, Fe, Ni, Pb, V and Zn by P. schreberi and H. splendens in Estonia (Liiv and
Kaasik [25]). The concentrations of these elements were determined at the
Finnish Forest Research Institute (Metla) using inductively coupled plasma
emission spectrometry (ICP-ES).

In order to determine which differences and trends in concentrations are
significant, a local variability criterion was used. In 1996, 25 samples were
collected from each of the three sampling sites (one in NE Estonia — the seat of
the country’s oil shale deposits and the region which the development of these
deposits affects the most, one in South-East Estonia and one on the Hiiumaa
island off the west coast of Estonia). The samples were analysed separately at the
laboratory of the Institute of Ecology of the University of Lund (Sweden) by
means of the ICP-ES method. The local variability for each of the sites was
calculated by computing the standard deviation of the respective dataset,
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Figure 1:  Locations of sampling areas with a higher density grid: NE Estonia
and the surroundings of Tallinn, in 1989-2008 (Liiv and Kaasik

(8D).

multiplying it by two and adding the standard error of the analytical method
used. The local variability values used in this article are the largest of
the corresponding figures for the three sampling sites. These values are: Cd —
0.054 pg/g, Cr — 0.84 pg/g, Cu — 0.89 pg/g, Fe — 235 pg/g, Ni — 0.59 pg/g, Pb —
3.0 ug/g, V—1.11 png/g, Zn — 6.95 pg/g (Liiv and Kaasik [8]).

In order to characterize the results of the moss analyses performed, a set of
boxplot charts — one for each of the heavy metals whose deposition was
measured in the study — was created, showing minimum, maximum and median
values along with the first and the third quartile of the concentrations.

3 Results

Cd - Since 1989, the concentrations of Cd in Estonia’s mosses have decreased
considerably throughout the country. In 1989-2004, the median values of such
concentrations in NE Estonia dropped by up to 48%. In 2005-2008, the median
values of Cd concentrations in moss samples were almost identical in all three
sampling regions: the entire Estonia (Estonia), NE Estonia and the outskirts of
Tallinn (Tallinn), fig. 2.

Cr - Since 1989, the concentrations of Cr found in mosses in Estonia have
decreased by up to 92%. In NE Estonia the concentrations have fallen by 59%.
In 20052008 the concentrations of Cr in mosses in the Tallinn area were very
close to those for the whole of Estonia. The values are not much higher in NE
Estonia, fig. 3.
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Figure 2: Minimum, maximum and median values, first and third quartile of
the concentrations of Cd in mosses for Estonia (1989, 1995,
2000/2001, 2005/2006), NE Estonia (1997, 2002, 2007) and
Tallinn (2003, 2008) in pg/g.
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Figure 3: Minimum, maximum and median values, first and third quartile of

concentrations of Cr in mosses for Estonia (1989, 1995, 2000/2001,
2005/2006), NE Estonia (1997, 2002, 2007) and Tallinn (2003,
2008) in pg/g.

Cu - In the regions with relatively high heavy metal deposition rates such as
NE Estonia and the surroundings of Tallinn, the concentrations of Cu in mosses
are almost identical and only show a slightly decreasing trend when the whole
country is considered, fig. 4.

Fe - The concentrations of Fe in Estonian mosses have decreased by up to
70% during the last 15 years. The concentrations of Fe in mosses in NE Estonia
and Tallinn are more than 2 times higher than the Estonian average, fig. 5.
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Figure 4: Minimum, maximum and median values, first and third quartile of
the concentrations of Cu in mosses for Estonia (1989, 1995,
2000/2001, 2005/2006), NE Estonia (1997, 2002, 2007) and
Tallinn (2003, 2008) in pg/g.
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Figure 5: Minimum, maximum and median values, first and third quartile of

the concentrations of Fe in mosses for Estonia (1989, 1995,
2000/2001, 2005/2006), NE Estonia (1997, 2002, 2007) and
Tallinn (2003, 2008) in pg/g.

Ni - The concentrations of Ni in Estonia’s mosses have decreased by up to
82%; in NE Estonia the reduction was up to 73%. The concentrations of Ni in
the moss samples collected from NE Estonia in 2007 and from the Tallinn area
in 2008 are very similar, and remain only slightly higher than the concentrations
for Estonia as a whole measured in 2005/2006, fig. 6.

Pb - The concentrations of Pb in Estonia’s mosses have decreased
considerably — by up to 80% for Estonia as a whole and by 62% in NE Estonia.
The concentrations of Pb in the moss samples collected from NE Estonia in 2007
are close to the concentrations found in mosses from the Tallinn area in 2008 and
higher than those for Estonia in 2005/2006, fig. 7.
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Figure 6: The minimum, maximum and median values, first and third quartile
of the concentrations of Ni in Estonia (1989, 1995, 2000/2001,
2005/2006), NE Estonia (1997, 2002, 2007) and Tallinn (2003,
2008) in pg/g.
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Figure 7: Minimum, maximum and median values, first and third quartile of

the concentrations of Pb in mosses for Estonia (1989, 1995,
2000/2001, 2005/2006), NE Estonia (1997, 2002, 2007) and
Tallinn (2003, 2008) in pg/g.

V - The concentrations of V in the mosses of Estonia have decreased by up to
76%. The concentrations found in NE Estonia in 2007 are very similar to those
recorded near Tallinn, but remain higher than in the concentrations for the whole
country in 2005/2006, fig. 8.

Zn - The concentrations of Zn in Estonia’s mosses do not exhibit a marked
shift. The changes remain within the range of local wvariability. The
concentrations of Zn in the mosses of NE Estonia and Tallinn are nearly
identical, fig. 9.
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Figure 8: Minimum, maximum and median values, first and third quartiles of
the concentrations of V in mosses for Estonia (1989, 1995,
2000/2001, 2005/2006), NE Estonia (1997, 2002, 2007) and
Tallinn (2003, 2008) in pg/g.
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Figure 9: Minimum, maximum and median values, first and third quartile of

the concentration of Zn in mosses for Estonia (1989, 1995,
2000/2001, 2005/2006), NE Estonia (1997, 2002, 2007) and
Tallinn (2003, 2008) in pg/g.

4 Discussion

In 1989, the concentrations of the heavy metals investigated in the study reported
here were the highest in moss samples collected from NE Estonia.

By 1995, the surroundings of Tallinn had become the second most polluted
area in Estonia, probably due to the impact of increased traffic volumes and the
concomitant increase in air pollution.

Traffic pollution consists of brake dust (the product of brake wear), tyre dust
and fuel residuals. Fukuzaki et al. [3] showed that tyre dust contains the heavy
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metals Fe, Ni, Cu, Zn, Cd, and Pb, and contributes to airborne emissions of these
elements. Zn from tyre dust is a significant pollutant in soil, air, street dust, and
urban runoff (Smolders and Degryse [28]; Sadiq et al. [29]; Rogge et al. [30];
Fergusson and Kim [31]; Davis et al. [32]). Break dust has been recognized as a
significant pollutant for Cu in the aerosols composition (Sternbeck et al. [5]).

In relation to the drop in power production and the implementation of
environmentally friendlier technologies, the emissions of heavy metals from
thermal power plants in NE Estonia have fallen remarkably since 1989.

From 1989 to 2008, the decrease in the concentrations of Cr, Fe, Ni, Pb and V
in Estonian mosses has been in correlation with the decrease of emissions of
solid particles from the Balti Power Plant, the Eesti Power Plant and the cement
factory of Kunda Nordic Tsement AS (all in NE Estonia).

The concentrations of Zn (which is a slowly biodegradable element in the
environment) have remained almost unchanged during the whole sampling
period.

The decrease of concentrations of Pb in moss samples has been remarkable
since 1989. The emission of Pb has decreased by 80% during 1990-2008,
probably because of the introduction of unleaded fuel in Estonia.

In comparison to the rest of Europe, Estonia belongs to the group of countries
with the lowest moss concentration values for Cr, Pb, Fe, Ni, V and Zn, and to
the group with average concentrations of Cd and Zn.

The concentrations of heavy metals in Estonia’s mosses are similar to those
found in moss samples collected from the Nordic countries and from the other
Baltic countries.

5 Summary and conclusions

The concentrations of Cd, Cr, Cu, Fe, Ni, Pb, V and Zn in moss samples have
decreased and their spatial distribution has changed since 1989 in Estonia.

The concentrations of Cd, Cr and Ni decreased remarkably from 1989 to
1995, the concentrations of Pb in 1989-2000/2001 and the concentrations of V in
1995-2000/2001. The concentrations of Zn during the sampling period have
remained within local variability or close to it.

In 1989, the highest concentrations of all heavy metals mentioned above were
found in moss samples from NE Estonia. In 1995, moss samples from the region
continued to have the country’s highest concentrations of Cd, Cr, Fe, Ni and V,
while the concentrations of Cu, Pb and Zn were the highest in the area around
Tallinn. In 2000/2001, NE Estonia only accounted for the highest concentrations
of Cu and Fe, the concentrations of Cr, Ni, Pb, V and Zn were the highest in the
outskirts of Tallinn.

In 2005-2008, the changes of the concentrations of Cd, Cr, and Cu in all three
regions (Estonia, NE Estonia, Tallinn) remained within local variability or close
to it. The concentrations of Pb, Ni and V were slightly higher in moss samples
collected from NE Estonia and Tallinn than in samples collected from elsewhere
in Estonia. The concentrations of Fe were remarkably higher in NE Estonia than
in other regions of the country.
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The emission of solid particles from industrial facilities in NE Estonia has

decreased considerably from 1989 to 2008. For instance, the data for the Kunda
Nordic Tsement cement plant show a drop that is almost thousandfold. The
concentrations of most heavy metals in moss samples across Estonia during the
same period demonstrate a remarkable reduction — the concentrations of Cr, Fe,
Ni, Pb and V decreased by 50-80%.

Due to the introduction of unleaded petrol, the concentrations of Pb in mosses

have decreased by up to 60% during 1989-2008.
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