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Abstract
pH values of the bark of the common tree species black locust (Robinia pseudoacacia L.), sycamore
maple (Acer pseudoplatanus L.), European yew (Taxus baccata L.), and European ash (Fraxinus excelsior L.)
were evaluated to determine the acid gaseous pollution impact on their bark in eight heavily industrialized
cities of southern Poland and relatively unpolluted areas of the Beskidy Mountains, Częstochowa Upland, and
Nida Basin. It has been stated that the correlation between SO2 levels in the atmosphere and the reaction of
tree bark exists in all investigated tree species. Hence, the reaction of the bark of these species could be used
as a simple indicator of air pollution. The results suggest that the European ash bark could be the best bioindicator.
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Introduction
Gaseous pollution of the atmosphere, harmful for forest
ecosystems, requires monitoring systems. There is a need to
find methods that allow determining the condition of the
environment in a given area in an easy and inexpensive way.
The bioindicative methods that use whole plants or plant tissues are of great interest for long-range observations.
Special attention is paid to mosses and lichens because of
their great accumulation capacity for many pollutants [1-4].
Among higher plants, the tree bark appeared to be a perfect
material to determine acid gaseous pollution rates of the
environment [5-7]. It has been stated that a correlation
between SO2 levels in the atmosphere and reaction of tree
bark exists – a higher concentration of sulphur dioxide
results in decreasing pH values [8]. Tree bark, because of its
large surface and permanent contact with the air, is a good
indicator of the atmospheric condition where the tree is
growing. Last but not least, it is ubiquitous and could easily
be collected even by untrained persons [6, 9, 10].
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The aim of this research was to determine whether the
bark of four tree species is suitable for biomonitoring of
acid gaseous air pollution. The pH of the bark of black
locust (Robinia pseudoacacia L.), sycamore maple (Acer
pseudoplatanus L.), European yew (Taxus baccata L.), and
European ash (Fraxinus excelsior L.) collected in cities of
industrialized southern part of Poland were measured.
Obtained data was compared with “control” sites situated in
relatively unpolluted areas.

Material and Methods
Eight heavily industrialized cities of southern Poland
were chosen: Będzin, Katowice, Sosnowiec, Bytom,
Dąbrowa Górnicza, Chorzów, Siemianowice Śląskie, and
Gliwice. The control samples were taken in relatively
unpolluted areas of the Beskidy Mountains, Częstochowa
Upland, and Nida Basin (Cieszyn, Ustroń, Cisownica,
Skoczów, Brenna, Ogrodzieniec, Pilica, Jędrzejów, and
Busko Zdrój).
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Before sampling, the bark was cleaned with a synthetic
hard brush. Bark chips were collected with a sharp knife,
with no relation to cardinal points, at a height of 1.3 m
above the ground, and in accessible places in the case of a
yew tree. Samples from each location consisted of five subsamples collected in different points in city centers. Based
on these five subsamples, a mean pH value was calculated
for every location.
The samples were pulverized and dried at 105ºC for 24
h. 8 ml distilled water (pH 7±0.05) was added into 2 grams
of dried samples. Each sample was prepared in two replicates. The pH measurements were done after 48 hours [11].
All measurements were carried out in one month’s time
from the date of sampling.
The statistical significance of differences between bark
pH values in polluted and control sites was verified using Ttest (Statistica 9).
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Fig. 1. Mean bark pH values ±SD at polluted and control sites
[23].

Results and Discussion
The bark pH values of examined tree species differed
significantly between polluted and relatively unpolluted
locations (yew tree t=-4.57, p≤0.05, df=18, ash t=-4.32,
p≤0.05, df=18, blac locust t=-3.05, p<0.05, df=7, sycamore
maple t=-2.47, p<0.05, df=7) (Fig. 1). The lowest differences relate to European ash (0.36 pH unit) and the greatest
to black locust and sycamore maple (respectively 0.8 and
0.7 pH unit). However, it should be stated that the relatively unpolluted sites, from which the samples of black locust
and sycamore maple were collected, were less polluted by
SO2 than the locations from where the ash tree samples
were collected (Fig. 2). Among heavily polluted locations,
where the SO2 concentrations were on a similar level, the
lowest pH characterized the black locust bark and the highest the European ash bark. The pH values at unpolluted sites
for sycamore maple and European ash bark were 4.9-7.5
according to Wirth [17]. Similarly, at our control sites the
mean pH for sycamore maple and European ash were
5.30±0.34 and 4.84±0.26, respectively. The European ash is
also characterized by the highest bark pH values in
Grodzińska [5] research.
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Obtained pH values were referenced to mean SO2 concentrations (measured, modelled, or interpolated) in atmosphere at examined locations. Sources of those data were:
IETU [12], WIOŚ Bielsko-Biała (for Ustroń and Cieszyn)
[13], Gospodarka Surowcami Mineralnymi [14] (for Busko
Zdrój), and WIOŚ Kielce (for Chęciny – data used for
Jędrzejów) [15]. And for Dąbrowa Górnicza, Katowice,
and Chorzów – concentrations measured; for Będzin,
Sosnowiec, Siemianowice Śląskie, and Gliwice – concentrations modelled; and for Bytom – concentration interpolated.
The prevailing acid gaseous pollution in the investigated area according to Central Statistical Office [16] is sulphur dioxide.
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Table 1. The correlation coefficient value between bark pH and
SO2 concentration in the atmosphere.
Tree species

Correlation coefficient

Robinia pseudoacacia

-0.52**

Acer pseudoplatanus

-0.70*

Taxus baccata

References
1.

2.

-0.50***

Fraxinus excelsior

-0.78*

r-correlation significance *p=0.001, **p=0.02, ***p=0.05, n=8
(for Robinia pseudoacacia and Acer pseudoplatanus), n=10
(for Taxus baccata and Fraxinus excelsior).
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The correlation coefficient shows a statistically significant negative relationship between bark pH and SO2 concentration in the atmosphere in all investigated species
(Table 1). The strongest correlation applies to European ash
bark and the lowest, although statistically significant
(p=0.05, r = -0.50), to the European yew bark. The increasing pH value in relation to decreasing atmospheric SO2 concentrations confirms the influence of atmospheric pollution
on the external bark layer. The same relation was stated in
research carried out in Frankfurt a. M. [18], London [19],
and Copenhagen [20].
First of all, the bark is permanently leached by stemflow during rainfall, which often is acid in polluted areas
[10]. Bark of the species with high pH value may be acidified with time, because of buffer capacity loss caused by
gradual cation leaching by acid rain [21].
It is considered that due to the process of bark formation
it is better to use the deciduous trees for acid gaseous pollution monitoring purposes. They are more sensitive to
acidity changes [6]. The influence of living tissues could be
avoided in the case of trees with thick rough bark. Because
of that the bark composition is determined mostly by environmental conditions [6]. For example, beech bark is quite
thin because of constant cambium activity and its pH is relatively high (5.3 pH unit) [6]. Among species that have
thick and rough bark it often comes into permanent acidification because there is no contact with the living tissue and
the cation amount is not complemented [22].
These characteristics refer to the bark of black locust,
sycamore maple, and European ash, but in comparison to
other investigated species the reaction of European ash bark
is especially strongly correlated with the atmospheric SO2
concentration.

Conclusions
It has been stated that the acid pollution of the atmosphere has an impact on tree bark reaction.
The results suggest that all investigated tree species
could be useful in environmental acid gaseous pollution
monitoring. European ash bark seems to be the best bioindicator because its pH values were most related to the SO2
concentration in the atmosphere.
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