
INTRODUCTION

The ILTER (International Long Term Ecological Research)
network is a global “network of networks” of research sites
located in a wide array of ecosystems worldwide, which can
help to understand long-term environmental change across
the globe. In 2010, the network included 38 countries all
over the world (Anonymous, 2011a). In 2008, a new re-
search strategy was set forward by the ILTER community,
which focused on threshold interaction between environ-
mental and socio-economic dynamics at multiple scales and
possibly forecast of the effects of these interactions on
biodiversity and ecological resilience, with the aim to slow
the rate of anthropogenic biodiversity loss. Undoubtfully,
one of the most important anthropogenic pressures responsi-
ble for significant biodiversity reduction is environmental
pollution (Anonymous, 1970). This should be considered
when implementing the environmental assessment strategy
for LT(S)ER (Long Term Socio-ecological Research) re-
gions. However, the total long-term environmental screen-

ing of thousands of chemical compounds emitted by indus-
try, transport and household in a region and mapping their
concentration gradients is not possible. On the other hand,
the most important question does not concern the absolute
concentrations of a particular pollutant in the environment,
but rather, the reaction of ecosystems and species to the
pollutant (Balodis et al., 1993). There is no better indicator
of the status of a species or a community than the species or
the community itself (Tingey, 1989). Bioindication methods
are much more suited for mapping of environmental state in
particularly large territories, because (i) they are much
cheaper than methods of chemical analysis, (ii) living or-
ganisms are permanently subjected to pollutants, (iii) organ-
isms reflect integrated effects of various chemical com-
pounds, and (iv) organisms reflect interactions of pollutants
with natural environmental factors (Knabe, 1982; Balodis et

al., 1993; Holt and Miller, 2011; Geras'kin et al., 2011).
Plants, particularly trees, are frequently used as bioindi-
cators in air quality assessment, as (i) they do not change
their position within the landscape, (ii) they are permanently
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Environmental quality assessment of the Lake Engure drainage area, which is the LT(S)ER re-
gion of the Latvian National Long-term Ecological Research network (Latvia LTER), was con-
ducted using three bioindication methods based on Scots pine Pinus sylvestris L.: unspecific
bioindication by pine needle tip necrosis, ground level ozone assessment by pine needle chlorotic
mottling, and chemical analysis of pine bark. Samples were collected from 40 sites of the region
in November 2010. Extent of needle tip necroses did not exceed class 4 (maximum possible
value 6). The highest value of index of needle damage by ozone was Idam = 1.62 (maximum pos-
sible value 6). Multiple regression analysis of variables describing bark chemistry and needle
damage in relation to distance from the sea, nearest roads and villages was performed. Pine bark

acidity pH(KCl) and concentration of Mg and Fe decreased significantly (�pH(KCl) = –0.672, P <

0.001; �Mg = –0.676, P < 0.001; �Fe = –0.514, P < 0.001) with distance of sample site from gravel
roads. Electric conductivity (EC) of pine bark and the extent of ozone damage of the first year

needles Idam significantly decreased with distance from the sea (�ozone = –0.507, P < 0.01; �EC =
–0.453, P < 0.01). PCA of the pine bark chemistry data showed dust pollution from gravel roads
to be the main factor responsible for the 33% variation of data. No statistically significant correla-
tions were found between different bioindicator characteristics, except between first and second

year ozone damage (� = 0.589, P = 0.01).
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subjected to pollutants, (iii) they are long-lived organisms
that reflect long-term pollution effects (Weinstein and
Laurence, 1989; Balodis et al., 1993; Geras'kin et al.,
2011). In regions with northern and moderate climate, coni-
fers, in particular Pinus species, are frequently used because
their evergreen needles are exposed to air pollution through-
out the year, and according to numerous studies (see e. g.
Jäger, 1980; Miller et al., 1995; Pöykiö et al., 2010) they
are highly sensitive to environmental stress.

The LT(S)ER region of Latvia (Anonymous, 2011b)
(Engure region) represents the drainage area of coastal Lake
Engure (644 km2), part of which is included in the territory
of the Lake Engure Nature Park, with the Ramsar site as its
core. At present, there are no big industries or intensive ag-
riculture in the region, and the data obtained in the present
survey could serve as a good background in future studies
after a period of land-use change. Scots pine Pinus

sylvestris was selected as a bioindicator for environmental
assessment of the LT(S)ER region, as the area is rich in
forests dominated by this species. In 2010, bioindication in-
vestigations were performed at 40 sites located throughout
the region. Three bioindicative features were used in the as-
sessment: (i) pines needle tip necroses; (ii) chlorotic mot-
tling of needles induced by ground level ozone, and (iii)
chemistry of pine bark (metal concentration, pH, and elec-
tric conductivity). Pine needle tip necroses can be regarded
as nonspecific bioindication. This method was elaborated
by German researchers (Jäger, 1980; Schubert, 1991) for
mapping of SO2 pollution around industrial enterprises.
Later, similar symptoms were described for fluoride and
chlorine (Rozhkov and Mikhailova, 1993; Choi et al.,
2006), and nitrogen oxide emissions (Smith, 1990). Also
concentrations of some trace metals in needles have shown
correlation with tip necroses (Rautio et al., 1998). Magone
(1992) adapted this method for environmental assessment in
Latvia and it has been used for many years with some modi-
fications in the framework of the state environmental moni-
toring programme (Magone et al., 1992; Balodis et al.,
1993; Anonymous, 2005). Chlorotic mottling of pine nee-
dles is a specific ozone response variable described in the
1960s (Linzon, 1960; Richards et al., 1968) and which later
has been studied by many researchers (see e. g. Miller et al.,
1995). Pine bark has been widely used as an accumulative
indicator for air pollution by heavy metals (see e. g.
Grodziñska, 1977; Nikodemus et al., 1993; Lippo et al.,
1995; Harju et al., 2002; Kord and Kord, 2011).

The purpose of this paper was to evaluate the results of en-
vironmental assessment of the LT(S)ER region of Latvia
(drainage area of coastal Lake Engure) obtained by different
bioindication methods and to select the most suitable
method for mapping of environmental stress in the territory.
Concentrations of pollutants emitted by one source as a rule
are highly correlated (Beriòa et al., 1989; Karps et al.,
1989). We hypothesised that also bioindicative responses of
the same species to these pollutants would be correlated.
This could simplify the environmental assessment proce-
dure of the LT(S)ER region, by decreasing the number of
necessary analyses.

MATERIALS AND METHODS

Characteristics of the drainage area of Lake Engure.
The LT(S)ER region of Latvia (Engure region) includes the
drainage area (644 km2) of Lake Engure — a remnant of
the Littorina Sea formed about 4000 years ago. The territory
includes the Lake Engure Nature Park, a Ramsar site with
unique inland and marine wetlands. Most of the drainage
area is covered by pine forests, but there are also large areas
of marshlands, meadows, deciduous forests, dunes and agri-
cultural lands. The ecosystems of the area have been altered
by various human activities that are historically well docu-
mented, such as regulation of water level, hay making, pas-
turing, hunting, and fishery. The traditional settlement types
were fishing villages characterized by linear structures
along the seashore and farmsteads inland. Agriculture land-
use and industry (fishing and fish processing) in the region
have sharply declined since 1991.

Selection of sampling sites. In 2010, forty sampling sites
were selected in the drainage area of Lake Engure (Fig. 1).

The sample sites were selected according to the following
principles:

� the sample trees were located such that the area in the
South-East, South, and South-West direction to each tree
was open without a tree canopy;

� plots were not selected in areas where vegetation was suf-
fering from drought or excessive moisture;

� sample trees (pines) had age at least 20 years.

The selection of sampling points was made according to
availability of suitable pine stands within the region. The
area between Lake Engure and the sea coast was sampled
more intensively due to location close to an intensively used
highway and also several big fishing villages, which may
affect air quality. Some parts of the region were not suitable
for sampling. The central part of the region was occupied by
wet forests on peaty soils and the South-West part was
dominated by agricultural lands where pine stands were not
found.

Sampling and assessment of needle damage. Sampling of
pine needles was performed in November 2010. At each
sample site pine needles were taken from 10 trees. Twigs
were cut by special twig scissors at at a height of 4–5 m on
the sun-exposed side of the tree. The twigs were transported
to the laboratory in plastic bags. In the laboratory 100
needles of the current year (first-year needles) and 100
needles of the previous year (second-year needles) were
randomly collected from the twigs of each tree. The period
of exposure of the first year needles was six months, and the
period of exposure on of the second year needles was 14
months. In total 1000 needles of the first and second year
were sampled from each site.

Pine needles were inspected for damage under a dissecting
microscope to distinguish injuries caused by environmental
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factors from those of insects and plant pathogens. The
method of unspecific bioindication based on pine needle ne-
croses (Jäger, 1980) was used for the first year needles ac-
cording to a 6-grade scale:

1st class – no signs of damage;

2nd class – needle tips chlorotic, yellowish;

3rd class – needle tips necroticised, brown;

4th class – necrosis of the whole top part of the needle;

5th class – necroses of a third part of the needle;

6th class – entire needle necroticised, brown.

The extent of pine needle damage did not reach the 5th and
6th class in the Engure region, as there are no large air pol-
lution sources in the area. For this reason, we introduced a
subclass 1a between classes 1 and 2 for needles with
slightly chlorotic, pale tips (the theoretically possible
number of classes in our study was 7).

Ground level ozone causes chlorotic mottling over the sur-
face of pine needles. According to the method of Calatayud
(Anonymous, 2001) needles are classified into six classes,
ranging from healthy (0 score) to heavily damaged, chlo-
rotic needles (5 score). In our study, the extent of ozone
damage appeared to be low (0–2 score according to
Calatayud) comprising only three classes. Therefore, we
used a slightly transformed Calatayud’s scale:

0 class – no ozone damage;

1st class – 1–3% chlorotic mottling;

2nd class – 3–5% chlorotic mottling;

3rd class – 5–10% chlorotic mottling;

4th class – 10–15% chlorotic mottling;

5th class – 15–25% chlorotic mottling.

Sampling and chemical analysis of pine bark. Samples of
the surface layer of pine bark (1 mm) were collected from
all four compass direction of the trees at 1.3 m height. 1.5 g
of air dried material was mineralised in 15 ml of concen-
trated HNO3 for two hours and then diluted to 25 ml of dis-
tilled water. Concentrations of metals (Na, Mg, K, Ca, Mn,
Fe, Ni, Cu, Zn, Cd, and Pb) were determined by a AAS
PerkinElmer AAnalyst 200 with flame atomisation. pH of
pine bark was determined in 1 n KCl, and electric conduc-
tivity (EC) in water solution.

Data analysis. For estimation of the extent of needle dam-
age by ozone, the index Idam was calculated:

Idam = K ii

i

m

⋅
=
∑

1

.

where Ki is the proportion of damaged needles belonging to
i-th class; i= 1. 2. 3. .... m; m – number of classes. Idam var-
ies between 1 and the maximum number of classes. If
Idam=1 no damage was observed. The maximum Idam of 6 is
reached when all needles are heavily damaged. Values of
Idam were obtained for each tree in a sample site; mean val-
ues and standard errors were calculated for sites.

Geographical coordinates of each sample site were deter-
mined by GPS and entered on a digital map of the region.
The nearest distance of each sampling site from the sea
coast, gravel road, highway, and village was determined
from the digital maps.

Correlation analysis was used to determine relationships
among various indicators. Multiple linear regression was
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Fig. 1. Location of sample sites
within the Engure LT(S)ER re-
gion.



used to determine the effect of distances to sea, nearest road
and village on bioindication and chemical characteristics of
pine bark. Data distribution was checked for normality and
data sets with strong asymmetry were log-transformed bef-
ore analysis. Calculations were performed using the pro-
gramme package SPSS. PCA was used to combine covari-
able metal concentrations in pine bark into components.
VARIMAX rotation was performed and the randomization
test Rnd-Lamda was used to select the number of PCA axes.

RESULTS

The structure of land use and distribution of pine forests,
and hence also of sampling sites, were not evenly distrib-
uted within the Engure LT(S)ER region (Fig. 1). The SW
part of region was dominated by agricultural land, and the
central part by forests on wet peaty soils, which were not
suitable as sample sites. The availability of bioindicators
placed restrictions on the arrangement of sample sites
within the region.

57.5% of the collected first year pine needles (exposure six
months) from 23 sample plots belonged to the 1st and 1a
class. 35% of needles collected from 14 sample plots belong
to 2nd and 3rd class and only 7.5% of needles collected from
three sample plots — to the 4th class (Fig. 2).

Needles with ozone induced mottling were found in all 40
sample plots. However, the extent of damage did not exceed
15% and in most cases was only 3–5%. Second-year nee-
dles (exposure 14 months) were found to be much more
damaged by ozone. On some sample plots the proportion of
ozone-affected pine needles exceeded 50%. The index of
damage Idam varied between 1 and 1.1 for the first-year nee-
dles and between 1 and 1.62 for the second-year needles.

Considerable variation in metal content of pine bark was
found within the sampling plots of the region (Fig. 3).

The highest range in concentrations of heavy metals was
found for Pb an Ni (accordingly 71 and 31 times). Variation

in concentrations of Mg and Fe did not exceed 20 times,
and that of other chemical elements by 10 times. The lowest
range in concentration (two times) was found for potasium.
Also, the ranges in values of EC and pH(KCl) were quite
high, two and three times, accordingly.

Multiple regression analysis of variables yielded five statis-
tically significant equations that explained the effect of dis-
tance from the sea, nearest road and village on pine bark
chemistry and needle damage (Table 1). However, for each
of the multiple regression equations, only one predictor was
found to be significant in t-tests. Acidity of pine bark in-
creased with decreasing distance from gravel roads (� =
-0.672, P < 0.001). A similar relationship was found for
content of Mg (� = -0.676, P < 0.001) and Fe (� = -0.514,
P < 0.001). Electric conductivity of pine bark increased
with decreasing distance from the sea (� = -0.453, P <
0.01). Of the bioindicative characteristics tested by multiple
regression, only ozone damage Idam index for first year pine
needles showed a statistically significant decrease with dis-
tance from the sea (� = -0.507, P < 0.01).
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Fig. 3. Pine bark chemistry data obtained from sample sites in the Engure
LT(S)ER region. Values of metal concentration are in mg/kg, electric con-
ductivity EC in mS/cm. The line in the middle of the boxplot represents
the median value of the variable. 50% of the data lie in the box, lower
25% and upper 75% quartiles are shown. Approximately 95% of data are
expected to lie within the range of T-bars if the data have normal distribu-
tion. Black dots are outliers. Min-mean-max values are given. Means are
shown by arrows.

Fig. 2. Development of pine needle necroses at selected sample sites of
Engure LT(S)ER region. Necrotisation classes (I–IV) are marked by circles
of different size.



Based on Rnd-Lamda criterion (P < 0.05) three PCA axes
were extracted from the correlation matrix of pine bark
chemistry data. The first axis explained 33% of the total
variance (Table 2).

PCA component 1 was best correlated to pH and concentra-
tion of Mg, Ca and Fe. Distance to the closest gravel road
was also significantly correlated, but negatively (r = -0.609,
P < 0.001), with this axis (Fig. 4).

The second axis explained 19% of the total variance and
was strongly correlated with Pb, Cu and Ni. The third axis
explained 14% of variance and was negatively correlated
with EC and K.

No significant correlations were found between characteris-
tics of pine needle tip necrosis and ozone damage as well as
between these bioindicative characteristics and metal con-
centrations in of pine bark. A significant correlation was
found between Idam for ozone damage in the first- and
second-year pine needles (Fig. 5).

DISCUSSION

Environmental assessment of the Engure LT(S)ER region
using pine needle tip necroses as an indicator showed rela-
tively low environmental stress in comparison with some
other regions of Latvia, where local industries and intensive
agriculture have caused pine needle necroses even at the
level of the 5th class (Magone et al., 1992; Balodis et al.,
1993). In the Engure region, where there are no big cities
and industries, maximum needle damage did not exceed the
4th class, which was observed only at three sites (11, 18,
and 37) located in different parts of the region (Fig. 1). The
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T a b l e 1

MULTIPLE REGRESSION ANALYSIS OF DEPENDENCE OF METAL CONTENT IN PINE BARK, pH(KCl), ELECTRIC CONDUCTIVITY EC AND
BIOINDICATIONAL CHARACTERISTICS ON PREDICTORS1

Dependent variable Evaluation of regression
equation

Predictors

distance from nearest
village

distance from
sea

distance from gravel
road

distance from
highway

Mg content in pine bark F4,35 = 8.175, P plain 0.0005,
Adjusted R square = 0.424

� = -0.60
P = 0.633

� = 0.003
P = 0.980

� = -0.676

P = 0.00

� = 0.011
P = 0.941

Fe content in pine bark F4,35 = 3.583, P plain 0.05,
Adjusted R square = 0.209

� = 0.054
P = 0.714

� = 0.100
P = 0.54

� = -0.514

P = 0.009

� = -0.038
P = 0.832

EC electric conductivity of
pine bark

F4,35=3.583, P plain 0.05,
Adjusted R square = 0.209

� =-0.157
P = 0.278

� = -0.453

P = 0.007

� = 0.060
P = 0.740

� = -0.223
P = 0.208

pH(KCl) of pine bark F4,35=5.563, P = 0.001,
Adjusted R square = 0.319

� = -0.086
P = 0.530

� = -0.068
P = 0.655

� = -0,672

P = 0.000

� = -0.080
P = 0.632

Index of ozone damage Idam
for first year pine needles

F4,35 = 3.948, P = 0.010,
Adjusted R square = 0.232

� = 0.083
P = 0.567

� = -0.507

P = 0.003

� = -0.181
P = 0.326

� = -0.246
P = 0.168

1 Only statistically significant equations are shown. Characteristics of significant predictors are in bold.

T a b l e 2

CORRELATIONS BETWEEN FIRST 3 PCA COMPONENTS AND
VARIABLES, AND PROPORTION OF VARIANCE EXPLAINED BY
PRINCIPAL AXES1

Chemical
variables

Principal axes

1 2 3

Mg 0.964

PH 0.935

Ca 0.879

Fe 0.798

Zn 0.601

Pb 0.868

Cu 0.714

Ni 0.697

Na 0.523

K 0.703

EC 0.637

Mn -0.627

Cd 0.511 -0.521

Total variance explained, % 33 19 14

Cumulative variance, % 33 52 66

1 Results of PCA of the data of chemical analysis of pine bark collected at
40 sites in the drainage area of Lake Engure. Only correlations � 0.500 are
shown.

Fig. 4. Biplot of sample sites of Engure LT(S)ER region and variables
characterising pine bark chemistry data in a PCA ordination. Gr_road –
variable vector describing correlation of the PCA component 1 with dis-
tance of sample plots from the gravel roads (r = -0.609, P < 0.001).



sites were quite different in relation to possible causes of
environmental stress. Only two of the three were located
near roads, and thus damage due to road dusts or vechile
emissions is not the sole cause. Evidently there were some
other unrevealed local sources of environmental stress.

Ozone damage to pine needles was also low (Idam 2) but
temporally continuous for particular sites, as shown by cor-
relation between index values calculated for two successive
periods — 6 and 14 months. The extent of damage in-
creased with the period of exposure. Ozone damage was
greater near the sea. This is consistent with the data of some
other authors (Piikki et al., 2008). However, dependence of
Idam on distance to the sea was statistically significant only
for first year needles. Evidently, accumulation of ozone
damage differed during the period of exposure and slightly
varied from site to site. Chemical analyses of pine bark
showed high variation in concentrations of metals as well as
pH and EC values within the region (Fig. 3). It was difficult
to compare the metal contentrations in pine bark of the re-
gion with those obtained in previous studies in other loca-
tions of Latvia, due to differences in methods of chemical
analysis and sensitivity of analytical equipment. For exam-
ple, in the densely populated Jûrmala region, where air pol-
lution effects were studied in 1993 (Nikodemus et al.,
1993), pine bark contained 3–4 times more Fe, Cd and Pb
than in the Engure region, while pine bark in the Engure re-
gion contained about 20% more Ca, Mg and Mn than in Jûr-
mala. In the begining of the 1990s, Jûrmala suffered from
the consequences of industrial pollution from a paper mill
and intensive transport. The main factor related to metal
concentrations of bark in the Engure region, as shown by
PCA, was distance to gravel roads. The first PCA compo-
nent was related to concentrations of metals (Ca, Mg, Fe
a. o.) abundant in road dust. Dust pollution was not impor-
tant in Jûrmala where the roads have an asphalt cover.

The second PCA component was strongly correlated with
Pb, Cu and Ni. No statistically significant correlations were
found between Axis 2 and any of the measured distances.
We could not explain this factor. The third PCA component
was related with EC and concentration of K. Multiple re-

gression showed that EC was related to distance to the sea.
The source of salts to inland territories is sea-salt dispersed
by winds (Franzén, 1990).

No significant correlations were found between most of the
studied bioindicative characteristics. This may be explained
by different time periods that were characterised by the bio-
indicators used in our study. Pine needle necroses and
ozone induced mottling reflected 6 and 14 month periods
while the content of metals in the surface layer of the pine
bark evidently reflected accumulation of pollutants over a
much longer period. On the other hand, lack of significant
correlations suggests that spatial patterns of environmental
stress factors differed. In any case, our hypothesis on the
possible relationships between bioindicators had to be re-
jected. Our data showed that there may be at least three in-
dependent flows of air pollutants from different sources,
which cause different types of damage to pine stands in the
region: (1) air pollution or some other kind of environ-
mental stress of unknown origin; (2) ground level ozone
causing pine needle mottling; (3) dust from gravel roads ac-
cumulated in the surface layer of pine bark. Data on air
chemistry in the region would be needed to determine the
direct factors causing pine needle tip necroses. However,
bioindication methods can be used independently of chemi-
cal analyses, considering that the effects of air pollutants on
bioindicators depend not only on absulute concentrations
but also on environmental factors such as air temperature,
relative moisture, wind velocity etc. (Schubert, 1991). Our
earlier studies showed that pine needle necroses can be pro-
moted also by interaction of air pollution with natural envi-
ronmental factors, such as prolonged drought (A. Karpa,
personal communication).

Evidently, the source of metal pollution mostly arises from
local sources, while the gaseous pollutants can be trans-
ported from more distant sources. Heavy metals are mainly
emitted in the form of particulate material, and the distance
they are transported is, compared to gaseous pollutants,
relatively short. Traffic emissions on roads are the main
cause of heavy metal accumulation in the surrounding envi-
ronment and plant species (Ward et al., 1974; Grodziñska,
1977; Beriòa and Kalviòa, 1989). In our case, the main
sources of dust was gravel roads.

Mesoscale air circulation is very important from the point of
view of how and where forest ecosystems are affected by
point sources and regional air pollution. For example, ozone
visual injury in Pinus helepensis Mill was observed to be
well correlated with the penetration of sea breeze in Medi-
terranian coastal valleys (Sanz et al., 1999). Diffuse air pol-
lution arises from vehicle emissions, which are mostly re-
sponsible for formation of ground ozone. Ozone is a
regional pollutant formed through photochemical reactions
in the atmosphere, reaching the highest concentrations hun-
dreds of kilometres downwind of its precursor emission
sources (Bealey, 2008).

Our study showed that environmental assessment of the
LT(S)ER region by one bioindicator is not reasonable. Bet-
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Fig. 5. Correlation between damage index Idam calculated on the basis of
ozone-induced pine needle mottling for first and second year needles at
sample sites in the Engure LT(S)ER region. – Spearman correlation co-
efficient significant at P = 0.01.



ter results can be obtained by selecting several bioindica-
tors, each characterising a particular type of environmental
stress. However, our study showed that bioindication meth-
ods based on pine needles could be used for the environ-
mental assessment of the region. Bioindicators used for
mapping of the environmental pollution of a region should
be sensitive and widely distributed. Scots pine Pinus sylves-

tris indicators fully comply with these requirements. Al-
though pine forests in general are the most characteristic
element of the landscape of the Engure region, in some
parts of it was difficult to find suitable pine stands for bioin-
dication. This may cause certain inaccuracies in mapping of
environmental stress. To fill these gaps in bioindication,
some other widely distributed species could be used, such
as birch Betula pendula. Analysis of pine bark showed
mostly local effects of road dust. Evidently, this type of pol-
lution had no crucial effects on pine growth, as no correla-
tions were found with pine needle damage. From this per-
spective, pine bark analysis is of less importance for the
assessment of environmental pollution of the region.
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VIDES KVALITÂTES NOVÇRTÇJUMS ENGURES EZERA SATECES BASEINA TERITORIJÂ, IZMANTOJOT PARASTO PRIEDI
KÂ BIOINDIKATORU

Veikta vides kvalitâtes novçrtçðana Engures ezera sateces baseina teritorijâ, kas Latvijas nacionâlâ ilgtermiòa ekoloìisko pçtîjumu tîkla
(Latvia LTER) ietvaros pârstâv LT(S)ER reìionu. Kâ bioindikators izmantota parastâ priede Pinus sylvestris L., kurai pçtîtas trîs
bioindikatîvâs pazîmes: nespecifiskâ bioindikâcija, ko raksturo skuju galu nekrotizâcijas pakâpe, piezemes ozona bioindikâcija, ko raksturo
hlorotiski plankumi uz skujâm, un mizas íîmiskâs analîzes. Paraugi ievâkti 40 vietâs 2010. gada novembrî. Skuju galu nekrotizâcijas
pakâpe nepârsniedza 4. klases lîmeni (maksimâli iespçjama 6. klase). Ozona bojâjumu pakâpi raksturojoðâ indeksa Idam vçrtîbas
nepârsniedz 1.63 (maksimâlâ iespçjamâ vçrtîba 6). Daudzfaktoru lineârâs regresijas analîze parâdîja, ka pH(KCl), magnija un dzelzs saturs
palielinâs lauku lielceïu tuvumâ augoðo prieþu mizâ. Savukârt elektrovadîtspçja EC un ozona bojâjumu lîmenis uz pirmâ gada skujâm
pieaug jûras tuvumâ. Galveno komponentu analîzç pirmo asi raksturo lauku lielceïu radîto putekïu emisija, bet treðo asi sâïu ienese no jûras.
Netika konstatçtas statistiski ticamas korelâcijas starp pçtîtajiem bioindikatîvajiem râdîtâjiem, izòemot pirmâ un otrâ gada ozona bojâjumus.
Secinâts, ka katrs no tiem atspoguïo specifisku piesâròojoðo vielu plûsmu un tâdçï nav aizvietojams.
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