
Introduction

The sources of information – positive and negative –
about processes occurring in the natural environment are
mainly observations of the response of living organisms.
One of the criteria to classify plant and animal organisms
based on the stimulus-and-effect relationship is the ability
to accumulate various substances in their tissues. Such
organisms received the name of accumulative bioindicators
[1, 2]. In most cases the amount of heavy metals in plants
depends on their content in soil. However, these relation-
ships are not simple and depend both on edaphic factors of
substratum and on environmental pollution, including air
pollution [3-5].

A common source of soil and plant contamination with
heavy metals is traffic [6]. Most airborne heavy metals of
anthropogenic origin accumulate in the smallest parts

(<10 μm) of dust [6]. The amount of heavy metals in plants
depends on the amount of their available form both in the
soil and in the atmospheric fallout [7].  The aim of the
research was to determine the utility of chosen plants as
indicators of heavy metals contamination in the environ-
ment, depending on the distance from heavy traffic route
and on the collection date of plant material samples.

Materials and Methods

The objects of the research were located within an open
area along the heavily trafficed route out of Warszawa and
placed 5-10 m, 2.0 km, 3.5 km, and 5 km from the road-
way. The background object was the village, located 120
km from Warszawa (an area generally regarded to be
unpolluted). Soil material consisted of medium coarse
sand with C organic content of 1.23-1.72% and pH of 4.6-
5.1.
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Abstract

Total amounts of lead (Pb), cadmium (Cd), copper (Cu), cobalt (Co), zinc (Zn), nickel (Ni), stron-

tium(Sr), and chromium (Cr) were measured in surface levels of soil (0-20 cm) as well as in the plants

Taraxacum officinale, Pinus silvestris, and Tilia cordata within distances of 5-10 m, 2.0 km, 3.5 km, and 5 km

from a heavy traffic route in an open area. Our research showed that car exhaust gases coming from heavily

trafficed routes in open areas affect the heavy metal content in plants up to distances of 2 km from the route.

Specific influence of traffic concerning Sr content was observed in needles of Pinus silvestris, whereas ele-

vated content of Zn was observed in other plants – leaves of Tilia cordata and Taraxacum officinale.
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The literature provides data concerning the effect of
traffic within 200 m up to 500 m from the roadway [1, 8].
Therefore, the research was designed to measure much big-
ger distances from it. Soil samples, were taken from the sur-
face levels (0-20 cm) of mentioned research areas as well as
plant samples, i.e. above-ground parts of dandelion, needles
of Pinus silvestris and leaves of Tilia cordata. Samples of
plant material were collected in two terms, May and
September 2007. The research area consisted of 6 measure-
ment stations. Each measurement station covered 10 m².
The selection of plants was due to their occurrence in each
sampling site. This allowed for proper comparison of ana-
lytical results. Representative samples of soil from the mea-
surement station consisted of 8 individual samples.
Dandelion was also collected from the measurement sta-
tion. Representative tree sample included material from 6
trees. After processes of drying in air at 20ºC to constant
weight and grinding, the material was mineralized.
Concerning soil, only parts <1 mm were analyzed. Plants
and soil were mineralized with microwave method in
HNO3 and HCL. The content of heavy metals (Pb, Cd, Cu,
Co, Zn, Ni, Sr, Cr) in solution was examined using the ICP-
AES technique.

The results were expressed as correlation and standard
deviation (SD). Statistical analysis was performed in the
Statistica program. 

Results 

The average concentration of measured metals in the
surface levels of soil along a heavy traffic route (Table 1)
depending on the distance from the roadway (Modlinska
Street, Route No. 61, 52º19'19.055"N, 20º58'19.739"E)
was set in the following order:
5-10 m from the roadway Zn>Pb>Sr>Cr>Cu >Ni>Co>Cd
2.0 km from the roadway Zn>Pb>Sr>Cr>Ni>Cu>Co>Cd
3.5 km from the roadway Zn>Cr>Sr>Ni>Cu>Co>Pb>Cd
5.0 km from the roadway Zn>Sr>Cr>Pb>Ni>Cu>Co>Cd
Background Zn>Sr>Cr>Pb>Ni>Cu>Co>Cd

Among measured elements, the smallest concentration
was cadmium, which was in the range of 0.16-0.82 mg·kg-1

of dry matter, regardless of the distance from the roadway.
The highest content was of Zn, whose most important
source of contamination is traffic and was observed in the
soil on measurement stations located in the closest vicinity

to the roadway. However, based on the above order it can
be observed that the heavy traffic could influence its con-
tent even at 5.0 km from the roadway. If the achieved
results are compared to background findings, what must be
observed is that content of Zn in examined soils is several
times higher.

Pb is another element, after Zn, which in terms of quan-
tity had the highest content in soil. The influence of heavy
traffic on its content in soil of the examined area was clear-
ly observed. In comparison to the background, its content in
soil of examined area was 1-12 times higher. The following
positions in the mentioned order are occupied by Sr and Cr.
The content of these elements in soils within 5 km of the
roadway, in comparison to background findings, is elevat-
ed. The content of Sr was up to 4 times higher and of Cr up
to 6 times higher 5 km from the roadway. Ni, Cu, and Pb in
the mentioned order can be observed in the soils considered
unpolluted, as well as in the research areas most distant
from the roadway (3.5 and 5.0 km). Cu content was elevat-
ed in the areas closest to the roadway.

The content of heavy metals in above-ground parts of
dandelion (spring term) from objects located closest to the
roadway (Table 2) comes in the following discendentive
order: Zn>Sr>Cu>Cr>Pb>Ni>Co>Cd. In the samples col-
lected from an unpolluted area and from the object located
3.5 km away from the roadway there is more Zn than Sr. In
the plant samples collected closest to the roadway in
autumn, the quantitative order of analyzed elements is as
follows: Zn>Sr>Cu>Cr>Pb>Ni>Co>Cd. Generally, the
content of Zn, Cu, and Cd in above-ground parts of dande-
lion collected in autumn is higher than of those collected in
spring. The content of other heavy metals is at a similar
level. The content of Sr, Zn, Cu, Cd, and Pb in dandelion
samples from research objects located along the heavy traf-
fic route is elevated in comparison to their content in plant
samples coming from an unpolluted area.

The content of measured heavy metals in needles of
Pinus silvestris collected from objects closest to the roadway,
both in spring and in autumn (Table 3), comes in analogical
quantitive order as for the dandelion samples. Whereas for
needles of Pinus silvestris collected from objects located fur-
ther from the roadway, content of heavy metals comes in
quantitive order similar to order for samples collected in the
background object: Sr>Zn>Cu>Pb>Ni>Cr>Co>Cd. Results
of research prove/show visible accumulation of Pb, Zn, Sr,
Cr, and Cd in needles of Pinus silvestris growing in the
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Location Pb Cd Cu Co Zn Ni Sr Cr

5-10 m from roadway 41.5±8.6 0.67±0.16 16.7±4. 8 3.85±0.84 137.0±24.8 12.6±2.6 28.3±6.1 19.4±3.9

2.0 km from roadway 13.6±4.1 0.18±0.07 5.5±2.0 2.93±0.51 42.2±9.1 6.1±1.4 11.4±3.4 9.5±1.7

3.5 km from roadway 2.3±0.6 0.82±0.21 18.0±4.4 8.02±1.52 85.1±14.3 24.9±5.9 30.1±5.7 35.8±7.8

5 km from roadway 10.3±4.7 0.51±0.16 20.3±6.1 7.94±1.20 54.1±12.1 24.8±6.2 27.9±6.7 36.1±8.4

Background 3.4±0.7 0.16±0.04 1.6±0.03 1.24±0.05 20.2±5.6 2.5±0.04 7.13±1.2 6.36±1.6

Table 1. Concentration of heavy metals in soil (mg⋅kg-1 d.m) and ± SD.



roadside regardless of the date of collection. Differences in
content of Zn and Sr in dependence on distance are
observed up to 2 km from the roadway. The observed
dependency is related to spatial development of the area.
The range of contamination is higher in non-built-up areas.

The content of Sr, Pb, Cd, Zn, and Cu in the needles of
Pinus silvestris collected in the area closest to the roadway
in autumn is visibly higher than in the analogical material
collected in spring. Among tested heavy metals, the content
of Sr in needles of Pinus silvestris exceeds background
findings 11 times for spring term and 7 times for autumn

term. From analyzed biological material, the highest con-
tent of Sr is measured in pine needles. Elevated contents of
Sr were observed up to 2.0 km from the roadway.

The content of heavy metals in leaves of Tilia cordata
collected in spring from the research object located closest
to the roadway and from an unpolluted area comes in the
following quantitive order: Zn>Sr>Cu>Pb>Ni>Cr>Co=Cd
(Table 4). As for the objects located 2.0 km and 3.5 km from
the roadway, the order is as follows: Zn>Cu>Sr>Pb>Ni=
Cr>Co>Cd. In analogical material collected in autumn from
by-roadway and unpolluted objects, Sr dominated in quan-
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Location Pb Cd Cu Co Zn Ni Sr Cr

Spring

5-10 m from roadway 3.3±0.6 0.20±0.04 11.8±2.7 0.39±0.08 45.1±9.3 2.8±0.7 43.5±8.6 3.9±0.8

2.0 km from roadway 2.9±0.5 0.16±0.03 10.4±2.3 0.40±0.08 34.0±7.6 1.6±0.3 36.4±7.3 3.4±0.7

3.5 km from roadway 3.3±0.5 0.16±0.04 11.2±2.4 0.38±0.09 36.0±7.0 1.9±0.3 34.0±6.9 2.8±0.5

5 km from roadway 3.7±0.7 0.19±0.04 11.2±2.5 0.37±0.09 35.5±7.3 2.0±0.4 38.3±4.1 2.1±0.4

Background 1.4±0.3 0.17±0.03 3.4±0.7 0.34±0.06 22.7±4.8 1.8±0.4 13.2±2.9 1.8±0.4

Autumn

5-10 m from roadway 3.1±0.6 0.41±0.08 14.3±2.9 0.61±0.14 75.6±15.3 2.2±0.4 44.9±9.1 4.7±0.9

2.0 km from roadway 2.3±0.5 0.21±0.04 12.6±2.7 0.21±0.04 62.8±13.4 1.1±0.2 37.2±7.3 1.3±0.3

3.5 km from roadway 3.5±0.7 0.35±0.07 20.8±4.2 0.69±0.15 76.3±15.1 2.4±0.5 38.1±8.2 2.1±0.4

5 km from roadway 2.4±0.5 0.48±0.09 14.4±2.9 0.48±0.09 72.1±14.3 1.9±0.3 31.3±6.7 3.4±0.7

Background 2.6±0.6 0.12±0.04 9.6±2.0 0.41±0.09 37.4±9.3 1.9±0.4 24.6±5.1 2.0±0.4

Table 2. Concentration of heavy metals in Taraxacum officinale (mg⋅kg-1 d.m) and ± SD.

Table 3. Concentration of heavy metals in needles of Pinus silvestris (mg⋅kg-1 d.m) and ± SD.

Location Pb Cd Cu Co Zn Ni Sr Cr

Spring

5-10 m from roadway 5.16±1.4 0.20±0.04 10.5±2.4 0.70±0.15 94.9±20.3 2.1±0.4 112.0±24.7 6.2±1.4

2.0 km from roadway 3.14±0.7 0.10±0.02 8.4±1.9 0.60±0.13 78.1±17.2 1.4±0.3 84.0±19.3 3.7±0.6

3.5 km from roadway 3.0±0.6 0.10±0.02 8.7±2.0 0.40±0.09 60.4±14.1 1.9±0.5 10.0±3.2 4.6±0.7

5 km from roadway 3.16±0.7 0.20±0.05 7.91±1.7 0.40±0.08 59.3±11.8 1.6±0.3 9.9±2.1 4.2±0.7

Background 2.0±0.5
trace

amounts
6.2±1.1 0.30±0.07 20.1±5.1 1.2±0.2 9.0±1.8 2.4±0.5

Autumn

5-10 m from roadway 7.6±1.1 0.62±1.2 18.2±3.4 0.63±1.2 89.9±20.4 3.9±0.8 143.2±29.3 4.0±0.8

2.0 km from roadway 5.6±1.22 0.32±0.06 6.1±1.4 0.32±0.07 0.76±12.4 3.1±0.8 70.4±14.2 3.9±0.8

3.5 km from roadway 3.6±0.8 0.10±0.02 5.9±1.3 0.40±0.07 53.5±11.8 3.2±0.8 45.8±9.4 2.6±0.5

5 km from roadway 3.6±0.7 0.10±0.03 4.8±1.1 0.40±0.08 48.3±10.3 3.0±0.36 28.3±6.1 1.6±0.3

Background 2.3±0.4 0.10±0.02 5.1±1.2 0.39±0.07 42.1±11.0 2.1±0.4 21.4±4.8 1.9±0.2



titive order. In leaves of Tilia cordata collected from
remaining objects in autumn, quantitive order of heavy
metal content is analogical to spring results. 

Statistical Relations

The correlation factor (r) and linear regression (Table 5)
was calculated to determine linear correlation between
heavy metals content in dandelion and their content in soil.
Moreover, determination factor (r2) was calculated to pro-
vide information of regression force.

Statistical analysis shows highly significant relations
between the content of Sr, Zn, and Ni, and significant rela-
tions between the content of Co, Cd, and Cu in soil and in
dandelion collected in autumn. Calculations prove that
there is no influence of Pb and Cr contents in soil on their

contents in plant, while Pb shows a negative correlation,
whereas statistical relations calculated for spring samples
show highly significant correlation between Cd content in
soil and in dandelion. 

The content of examinated heavy metals in leaves of Tilia
cordata collected in both terms and their content in soil show
significant correlation. Such correlation is not observed only
for Cu and Co. For Zn, Sr, and Cr the described significant
correlation occurs regardless of the term of collection.

Discussion 

This paper describes the use of Pinus silvestris bark as
a passive bioindicator for environmental pollution monitor-
ing. Positive results from the use of Scots Pine as heavy
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Table 4. Concentrations of heavy metals in leaves of Tilia cordata (mg⋅kg-1 d.m) and ± SD.

Location Pb Cd Cu Co Zn Ni Sr Cr

Spring

5-10 m from roadway 7.1±1.5 0.35±0.07 17.4±4.1 0.35±0.07 136.0±27.8 4.9±0.9 19.9±4.8 2.6±0.5

2.0 km from roadway 5.8±1.2 0.21±0.04 18.2±3.6 0.40±0.08 120.0±26.2 2.4±0.5 17.2±3.6 1.4±0.3

3.5 km from roadway 3.6±0.8 0.11±0.02 13.4±2.7 0.30±0.07 64.2±13.4 1.4±0.3 12.4±2.6 1.4±0.4

5 km from roadway 1.6±0.2 0.10±0.02 12.6±2.5 0.40±0.09 62.0±14.1 1.6±0.3 12.5±2.7 1.6±0.4

Background 2.0±0.4
trace

amounts
10.2±2.3 0.41±0.09 30.6±7.4 1.2±0.2 11.2±2.8 1.2±0.4

Autumn

5-10 m from roadway 7.5±1.6 0.39±0.08 9.8±2.1 0.39±0.08 79.5±16.4 1.3±0.3 91.8±20.4 2.6±0.6

2.0 km from roadway 1.9±0.4 0.18±0.03 8.0±1.7 0.18±0.03 67.9±14.2 1.1±0.2 24.1±4.7 1.6±0.3

3.5 km from roadway 2.9±0.5 0.14±0.03 8.0±1.8 0.30±0.06 65.1±13.6 1.1±0.2 26.0±6.1 1.6±0.4

5 km from roadway 1.8±0.2 0.10±0.02 5.3±1.1 0.35±0.08 40.8±9.4 3.9±0.8 64.7±13.6 3.2±0.7

Background 1.8±0.3 0.10±0.02 4.0±0.9 0.24±0.05 20.4±5.0 1.2±0.3 26.4±5.8 2.0±0.5

* P=0.05 
**P=0.01

Heavy
metal

Autumn Spring

r r2 [%] linear regression r r2 [%] linear regression

Pb -0.02 0.04 y = 2.82-0.0006x -0.21 4.41 y = 3.20-0.01x

Cd 0.57* 32.49 y = 0.23+0.24x 0.85** 72.25 y = 0.10+0.23x

Cu 0.50* 25.00 y = 11.39+0.27x 0.35 12.25 y = 9.50+0.23x

Co 0.59* 34.81 y = 0.23+0.05x -0.19 3.61 y = 0.60-0.009x

Zn 0.73** 53.29 y = 63.23+0.11x -0.11 1.21 y = 49.3-0.03x

Ni 0.70 ** 49.00 y = 1.12+0.46x -0.34 11.56 y = 3.51-0.02x

Sr 0.88 ** 77.44 y = 10.62+0.60x 0.23 5.29 y = 24.6+0.42x

Cr 0.20 4.00 y = 2.28+0.02x -0.55 30.25 y = 8.56-0.06x

Table 5. Statistical relations between heavy metal content in Taraxacum officinale and their concentrations in soil.



metals bioindicator in the environment were obtained in
studies by Pöykiö et al. [9].

The content of heavy metals in the leaves of Tilia cor-
data collected in spring and autumn, from a research object
located closest to the roadway and the objects located 2 km
and 3.5 km from the roadway, show only differences in the
level of Sr and Cu. Therefore, the thesis that heavy metal
accumulation is higher in the leaves collected in autumn
than in spring has not been confirmed [7, 10]. 

Studies on the effects of heavy metals in leaves of
Hieracium pilosella and soil were conducted by Krawczyk
et al. [11]. For samples of the soil results are similar to those
which have been obtained in a study for a distance of 5
meters from the road. Our results indicate that the zinc con-
tent is higher than copper and this relationship for
Krawczyk is similar. As for the results obtained for leaves
of bio-indicators collected during the summer, in both cases
they appeared in the same relation: Zn> Cu>Pb>Ni>Cd.
Such contents of cadmium are common for unpolluted soil.

For soil and dandelion samples collected in spring, statis-
tically significant correlation was observed for their Cd con-
tent. Similar findings were achived by Królak [12].

Results of correlation analyses showed significant cor-
relations among, e.g., Zn, Ni, Pb, Co, and Sr contents of
roadside soil and leaf samples. Similar findings were
acheived by Kazuyuki et al. [13], at the same time it was
stated that Zn is emitted mainly from the abrasion of tires;
Cr is emitted mainly from wear of the asphalt pavement.

The highest heavy metals concentration was found at a
distance of 5-10 meters from the road and it exceeded the
local background in the soils for all metals. The results
showed that the soil near the highway had significant
enrichment, particularly in Zn and Pb. As for the concen-
tration of Pb, Cu, and Cd in soil samples, they were
arranged in relation to each other as follows Pb>Cu>Cd.

Analogous result for soil samples collected at a distance of
5 meters from the road were archived by Grigalavičienė et
al. and Normandin et al. [8, 14].

Other examined heavy metals correlations, in general,
are negative. It was positive, significant correlation is
observed between content of Zn, Sr, and Cr in needles of
Pinus silvestris and soil (Table 6). Molski and Dmuchowski
[15] and Dmuchowski and Bytnerowicz [5] achieved simi-
lar correlation. 

Concentrations of heavy metals were significantly high-
er at the polluted site. It was closer to the main road that
concentrations are higher. The same conclusions reached
Kurczyńska et al. [16].

It should be noted that there are no universal biomark-
ers for the determination of metal. Since effective biomark-
ers are not specific for a given metal, they should always be
used in combination with biomarkers or tests of exposure.
This occurs both in the determination of metals in the envi-
ronment and in living organisms as confirmed by examina-
tion by Bernard [17].

Conclusions

The influence of heavy traffic on Pb, Cd, Cu, Co, Zn, Sr,
and Cr contents in surface levels of soil in non built-up
areas was observed up to 5.0 km from the roadway. It has
been proved by the enhanced contents of examined heavy
metals in Taraxacum officinale, needles of Pinus silvestris,
and leaves of Tilia cordata collected up to 5.0 km from the
roadway in comparison to these plants from unpolluted
areas. Strontium demonstrates significant bioaccumalation
affinity. The highest content of Sr is measured in needles of
Pinus silvestris (11 times higher than in background mater-
ial), followed by above-ground parts of Taraxacum offici-
nale and leaves of Tilia cordata. 

Significant correlations between Sr, Zn, Ni, Co, Cd, and
Cu contents in soil and Taraxacum officinale collected in
autumn have been found. Plants collected in autumn con-
firm this correlation only for Cd. The Pb, Cd, Zn, Ni, Sr,
and Cr contents in leaves of Tilia cordata show positive
correlation with their contents in soil, regardless of the term
of collection. Calculations prove positive correlation
between contents of Zn, Sr, and Cr in needles of Pinus sil-
vestris and their contents in soil, regardless of term.

References 

1. GRODZIŃSKI W., YORKS T.P. Species and ecosystem
level bioindicators of airbone pollution: an analysis of two
major studies. Water Air Soil Pollut. 16, 33, 1981.

2. KNABE W. Monitoring of air pollution by wild life plants
and plant exposure: Suitable bioindicators for different
immissions types. Task for vegetation science, 1982.

3. BRADSHAW A.D., HARDWICK K. Evolution and stress-
genotypic and phenotypic components. Biol. J. Linn. Soc.
37, 137, 1989.

4. LODENIUS M., MALM J. Influence of Acidification on
Metal Uptake in Plants. Factors Affecting the Forest Declin,

Traffic Pollutant Indicators: Common Dandelion... 91

Table 6. Correlation between heavy metal concentrations in
leaves of Tilia cordata and needles of Pinus silvestris and their
concentrations in soil.

Heavy
metal

Leaves of Tilia cordiale Needles of Pinus silvestris 

Autumn Spring Autumn Spring

r r r r

Pb 0.89** 0.81** 0.29 -0.34

Cd 0.54* 0.63* 0.07 0.21

Cu -0.88** 0.26 -0.24 0.12

Co 0.49* 0.34 0.34 0.20

Zn 0.65* 0.71** 0.78** 0.92**

Ni 0.96** 0.84** -0.12 0.26

Sr 0.93** 0.69* 0.90** 0.84**

Cr 0.96** 0.74** 0.62* 0.78**

* P=0.05 
**P=0.01



3, Pub. Dep. of Environ. Conserva., Univ. of Helsinki 15, 48,
1991.

5. DMUCHOWSKI W., BYTNEROWICZ A. Biomonitoring
of environmental pollution in Poland using chemical analy-
sis of Scots pine (Pinus silvestris L.) needles. Environ.
Pollut. 87, 87, 1995.

6. HŁAWICZKA S., KUBICA K., ZIELONKA U.,
WILKOSZ K. Properties of particulate matter and heavy
metals emission from the process of coal combustion in res-
idential furnaces. Arch. Environ. Prot. 27, 29, 2001.

7. DMUCHOWSKI W. Use of plant bioindicators in assess-
ment of environmental contamination with heavy metals.
Report of The Botanical Garden of The Polish Academy of
Sciences. Series:Monographs and Treatises 7, 1, 2005.

8. GRIGALAVIČIENĖ I., RUTKOVIENĖ V., MAROZAS V.
The accumulation of heavy metals Pb, Cu and Cd at road-
side forest soil. Polish J. Environ. Stud. 14, 109, 2005.

9. PÖYKIÖ R., PERÄMÄKI P., NIEMELÄ M. The use of
Scots pine (Pinus silvestris L.) bark as a bioindicator for
environmental pollution monitoring along two industrial
gradients in the Kemi-Tornio area, northern Finland. Int. J.
Environ. Anal. Chem. 85, 127, 2005.

10. HAGEN-THORN A., STJERNQUIST I. Micronutrient lev-
els in some temperate European tree species: a comparative
study. Trees, 19, 572, 2005.

11. KRAWCZYK J., KLINK A., LETACHOWICZ B.,
WISŁOCKA M. A study of heavy metal content in Mouse-

Ear Hawkweed, Hieracium pilosella L. and the soil from its
habitats within the Wieluń area, Polish J. Environ. Stud. 15,
116, 2006.

12. KRÓLAK E. Accumulation of Zn, Cu, Pb by Dadelion in
environments with various degrees of metallic contamina-
tion. Pol. J. Environ. Stud. 12, 713, 2003.

13. KAZUYUKI S., TORU Y., YOSHIRO O. Roadside
Rhododendron pulchrum leaves as bioindicators of heavy
metal pollution in traffic areas of Okayama, Japan. Environ.
Monit. Assess. 149, 133, 2009.  

14. NORMANDIN L., KENNEDZ G., YAZED J. Potential of
dandelion (Taraxacum officinale) as a bioindicator of man-
ganese arising from the use of methylcyclopentadienyl man-
ganese tricarbonyl in unleaded gasoline. Sci. Tot. Environ.
239, 165, 1999.

15. MOLSKI B., DMUCHOWSKI W. The Comparison of
Environmental Pollution in Northern Finland near Kevo and
in Poland with the use of Pinus silvestris L. as Bioindicator.
Rep. Kevo Subarctic Res. Stat. (reviewed journal of the
University of  Turku, Finland), 21, 27, 1990.

16. KURCZYŃSKA E .U., DMUCHOWSKI W., WŁOCH W.,
BYTNEROWICZ A. The influence of air pollutants on nee-
dles and stems of Scots Pine (Pinus Silvestris L.) trees.
Environ. Pollut. 98, 325, 1997.

17. BERNARD A. Biomarkers of metal toxicity in population
studies: research potential and interpretation issues. J.
Toxicol Environ Health, Part A, 71, 1259, 2008.

92 Gworek B., et al. 


