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Abstract

In dead bark layer of Scots pines (Pinus sylvestris L.) exposed to the
emission of aluminium works and the electric power plant “Skawina” as
well as of chemical plants in Cracow, pH was determined and the content of
F, S, Mg, Na, P, K, and Ca. The F content in the dead pine bark varied
from 0,018 to 0.386 mg/g, and that of sulphur from 1.00 to 3.83 mg'g.
A significant correlation was demonstrated between pH, and fluorine and
calcium content in the bark. On the other hand, sulphur content was
dependent on the amount of Na, K and Ca. For demonstrating contamination
of the surface bark layer a test was applied consisting in evaluation of the
germinating and development capacity of seeds. Fluorine content in pine
dead bark layer reflects the F concentration in atmospheric air, it may,
therefore, serve as indicator of the degree of air pollution with fluorine
compounds.

INTRODUCTION

Tree bark has recently been used as a biological indicator of atmo-
spheric air pollution. Such investigations were started in Sweden
(Skye, 1968; Staxidng, 1969) and continued by other authors (Gr o-
dzinska, 1971, 1977, Lotschert, Kéohm, 1973, 1976; Zdano w-
ska, 1976). Generally deciduous trees were chosen for these studies,
with a thick cracked bark, such as Quercus robur, Fraxinus exceisior,
Tilia cordata, Alnus incana, and among conifers — Pinus sylvestris.

In the present investigations on the influence of emission from the
aluminium works “Skawina” on the vegetation, chemical analysis was
performed of dead bark layer from Scots pines persisting still on several
localities at various distances from the industrial plants. Beside the pH,
the content of elements characteristic for the emission of the aluminium
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works and electric power plant “Skawina” and of chemical plants
situated in the southern part of the city of Cracow was determined.

MATERIAL AND METHODS

Dead bark layer (cracked) was collected from the trunks of living
pine specimens on 13 localities situated within a radius of 12 km from
the aluminium works and electric power plant “Skawina” (Fig. 1).
Additionally bark samples were collected in the Ojcow National Park
(30 km to the North) and on a second control site 30 km distant in
south-eastern direction from the industrial plants.
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Fig. 1. Distribution of Pinus sylvestris L. localities on the arca investigated

A — aluminium works "Skawina"”, B —electric power plant "Skawina", C — soda factory,
R — floristic reserve Skolczanka”

At each site the external bark layer was cut on the trunks from
10-15 pines aged about 80 years at a height of 1.5 m from the ground.
The material was dried and ground to fine powder, then, after mixing,
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samples were taken for analysis. In these samples the following de-
terminations were performed,;

a) pH in HoO — potentiometrically,

b) total fluorine — colorimetrically by Belcher’s method with an
alizarin complexing agent and lanthanum nitrate, photometry was run
at wavelength 620 pm,

c) total sulphur, magnesium, sodium, phosphorus, potassium and
calcium were determined by the methods described by Nowosielski
(1974).

The contamination level of pine bark by toxic substances from in-
dustrial emission was determined in a biological test consisting in
evaluation of the seed germination capacity (Swieboda, 1976). For
this purpose seeds of radish (Raphanus sativus L.) highly sensitive to
fluorine (Navara et al, 1966) were taken. The seeds were germinated
on Petri dishes. As substrate served finely comminuted dead bark
imbided with distilled water. On each dish 25 seeds were sown in 4
replications for each site. The seeds germinated under daylight and at
room temperature. The course of germination was recorded after 24,
48 and 96 h.

The relation between the analysed elements and bark pH as well
as their influence on radish seed germination were expressed as the
linear correlation coefficient.

CHARACTERISTIC OF PINUS SYLVESTRIS L. LOCALITIES

The Scots pine localities on the territory examined are exposed to
air pollution of various intensity, therefore, on the basis of changes in
certain morphological features of the trees, the latter could be classified
to 4 zones denoted by the symbols A, B, C, and D.

In the zone A situated closest to the aluminium works “Skawina”
there is one site with pines. The specimens growing here show poor
viability as indicated by the clear crowns and intensive dying back of
branches. The trunks of the trees are covered with a dark dust layer

In the zone B reaching to a distance of 6 km from the metallurgic
works the negative influence of the industrial emission on Pinus syi-
vestris appears in the deformation of the tree habitus, drying up of
the tree tops and earlier needle shedding. The growth of the pines in
this zone is inhibited, thus the crowns take on an umbrella shape.

To the zone C the sites were classified with pines growing at the
edge of the territory under study. The degree of damage to the pines
in this region depends on the situation of the given locality in relation
to the source of air-polluting emission. Most exposed to fhe noxious
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influences were the pines growing in the Vistula valley, since the strong
southern winds carry the gaseous emissions from the industrial plants.
When the noxious substances reach with the air the natural barrier
formed by the Bielany hills, their concentration increases (Swieboda,
Kalemba, 1978). Therefore, the degree of damage to the pines on
localities 9 and 10 is close to that observed in zone B. On the other
hand, localities 8, 11 and 12 lie beyond the zone of the most frequent
winds. Scots pine on these sites is healthier since the air pollution
concentration is much lower. As compared with trees on the control
sites, however, the annual increments of the shoots are smaller and
the branches possess only a two-year set of needles. Some scarce lichens
appear on their bark.

The small group of highly damaged pines growing close to the
chemical plants in Cracow was classified to zone D. The number of pine
specimens on this locality diminishes drastically from year to vear, this
being also connected with the change in the chemical properties of the
soil. The trunks are not covered with lichen, only in the crevices of
the bark a green alga appears, Pleurococcus viridis.

Symbol K denotes two control sites. On both these localities the
pine exhibits no noticeable developmental disturbances.

RESULTS

1. pH and content of the elements analysed in dead bark

The pH of the analysed pine dead bark samples varied from 2.9 to
4.1 (Table 1), the lowest value referring to the control site situated at
a distance of 30 km south-east of the aluminium works “Skawina”. The
highest pH was found in dead pine bark from sites close to the industrial
plants.

Fluorine content in the pine bark reached 0.386 mg/g in locality 1
(Table 1), most exposed to fluorine emission. On the other hand, the
lowest fluorine amounts were noted in the bark from the two control
sites in the Ojcow National Park in the Wyspowy Beskid Mountains.

Total sulphur in the bark samples varied from 1.00 to 3.83 mg/g
(Table 1), the highest values were noted on locality 3 in the Vistula
valley straight opposite the electric power plant chimneys. This valley
is protected from the western side by hills. Similarly as in the case
of fluorine, the lowest sulphur content was found in bark from the
control sites and the locality 12 situated in south-east direction from the
electric power plant.
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Magnesium was not detected in the surface pine bark layer from:
trees growing next to the aluminium works. In the remaining samples
its amount varied from 0.0070 to 0.468 mg/g (Table 1).

Sodium content in dead bark layer varied from 0.93 to 2.23 mg/g
phosphorus was present within the limits of 0.120-0.445 mg/g, and
potassium content was within the range 0.615 (Ojcow National Park)
to 1.308 mg/g (Table 1). The above enumerated elements show no
dependence on the situation of the sampling sites in relation to the
industrial establishments.

Calcium in the pine dead bark layer varied from 2.63 to 15.40 mg/g
(Table 1). Its highest content was found in bark collected from site 13
close to the soda plant and on localities 3, 4 and 10 lying on calcium
substrate.

The first place among the elements analysed is occupied, as regards
quantity contained in pine dead bark layer, by calcium, next comes
sulphur and sodium. On site 15 least contaminated with SO, th= situa-
tion changes and sulphur ranks as fourth after Ca, Na, and K (Table 2).
The rating of fluorine also changes with the highest content on site 1.
Most of the bark samples have a very low magnesium content, so that
it usually occupies in the quantitative ordering of element content the
last place and precedes fluorine only on localities 12 and 15.

Table 2

Sequence of quantitative occurance of analysed elements in the bark of Pinus sylvestris L. on the
examined sites

Site | Elements
— - i ,
1 | Ca>S >Na>K>F>P -
3,4,5,7,9,10, 11 - Ca>S >Na>K>P>F >Mg
| 2,6,8,13,14 Ca>Na>S >K>P>F >Mg |
| 12 Ca>Na>S >K>P>Mg>F |
| 15 Ca>Na>K >S >P>Mg>F

The calculated linear correlation coefficients indicate that there is
a positive significant correlation between: a) pH, and fluorine and
calcium, b) sulphur and sodium, potassium and calcium, ¢) potassium
and scdium, d) calcium and potassium (Table 3).

2. Evaluation of the degree of pine bark contamination
by the biological test

The course of Raphanus sativus L. seed germination is shown in
Fig. 2 in which the fluorine content in dead bark layer serving as
substrate for the seedlings is also plotted.
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Table 3
Linear correlation coefficient values between pH and analysed elements content in Pinus sylvestris L.
bark ; ’
F | 0.603%**
| s 0078 | 0.065 |
M eom | oom | oems
T Na | 0495 | —002 | 0475* | 0157 |
| ® 0167 | 0131 | 0.144 ; —0.290 ‘ 0076 |
K —0.005 | —0.033 | 0.574** 0.183 | 0.522%* | —0359 |
| Ca | osa** | 0226 ’ 0678“*‘ 0007 0236 "'hoﬁ‘é._soﬁif
| _F | s Mg | Na | P | K

Po.10=0.441* Po D,:osgzs-t
Po.0s=0.514** Pg o, =0.641****

\0, 386mg /4
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Fig. 2. Relation between number of germinating Raphanus sativus L. seeds and
fluorine content in bark substrate from the particular sites

a — number of seeds germinating after 24 h, b — after 48 h, ¢ — after 9 h, d — fluorine
content

Germination of seeds was scarcest after 24, 48 and 96 h on bark
substrate from locality 1. In this case the germination capacity of the
seeds was lowered by 62 per cent as compared with that on bark from
the control site. Germination was depressed less, by 22 per cent, on
bark from site 10, and by 7-8 per cent on that from sites 3 and 7.
In the remaining cases, particularly as regards localities 2, 4, 12, 13
and 14 the chemism of dead bark layer was even stimulatory for seed
germination.

It results from the calculated correlation coefficients that there is
a highly significant negative correlation between fluorine content in
the bark and the number of radish germinating seeds (Table 4). No
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statistical correlation has, however, been demonstrated between bark
pH and sulphur content, and the number of germinating seeds. As
regards the remaining elements, a positive correlation was noted at
a significance level of P,,, for magnesium.

Table 4

Linear correlation coefficient values between number of germinated seeds, and pH and content
of some elements in bark of Pinus sylvestris L.

| i |
pH F S | Mg | Na P | K | Ca |
; ' | ' ' ' |
| = L _ = .
| No. of ger- | | . : ' j [ |
| minated | —0.075 I —0.8]17%*%*x —0,189 -0.513‘i 0.050 | —0.011 | —0.022 | 0,045
| seeds 1 . i | -

Po.10=0441% Py g0, =0760%***%

DISCUSSION

The pH bark from Scots pine growing in this country under natural
conditions is acid, with certain variations in dependence on the sampling
site. For instance pine bark from the Bialowieza Primeval Forest has
pH 2.8 to 34 (Grodzinska, 1977), and in the Biala Forest complex
pH is 3.12 to 3.20 (Zdanowska, 1976). For dead bark layer Filipek
and Drogosz (1977) report values of 3.8 to 4.0. In the present study
the pH of pine dead bark layer from the natural site situated at a 50 km
distance south-east of the aluminium works “Skawina” was 2.9. On
most localities exposed to industrial air pollution the bark pH was
within the limits reported by Grodzinska (l.c.) for the Bialowieza
Primeval Forest or even higher. The rise of pH of dead bark layer on
sites within the range of noxious emission of the aluminium works and
electric power plant “Skawina” and the Cracow chemical plants is no
doubt due to the chemical composition of the polluting substances
emitted. Hence, in the analysed pine bark samples, beside an increased
fluorine and sulphur content, an increase in calcium content raising the
pH value was noted.

Fluorine content in dead pine bark varies and shows a dependence
on the F content in the air. This element is not utilised by plants for
synthesis of other compounds, therefore it is stored in the tissues.
Moreover, the experiment demonstrated (Swieboda, Kalemba,
1978) that dead bark absorbs fluorine from the air. The sulphur content
in the pine bark usually increases with the SO, concentration in the
air. Contrary, however, to fluorine, this element is a component of
various organic compounds in plants. Hence, under the conditions
specified, particularly at lower SO, concentrations or a limited time
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of its action, significant changes in S do not occur in the living plant
tissues, allowing unequivocal determination of the range of the noxious
action of air pollution.

In the dead bark layer of Pinus sylvestris L. sulphur is usually positi-
vely correlated with sodium, potassium and calcium. The relation
between S and K was demonstrated by Laaksovirta and Olko-
nen (1977) for Scots pine needles in industrial areas. The rise of the
potassium level in plants is, as shown by Materna (1961), due to the
action of sulphur dioxide present in polluted atmospheric air.

In the pine bark samples analysed the calcium content increased
with the rising sulphur level. A similar dependence was demonstrated
by Létschert and KX6hm (1977) in the bark of leafy trees. These
authors suppose that calcium ions can be taken up together with
sulphur or separately, but in similar amounts. Therefore, the content of
calcium in the bark of trees growing in industrial areas may serve as
indicator of air pollution,

In the chemical composition of dead bark layer from Pinus sylvestris
L. calcium prevails (1°%) (Filipek and Drogosz 1977), while
magnesium, potassium, scdium and phosphorus occur in much lower
quantities. The present results demonstrated that in the dead bark layer
of pines exposed to polluted air calcium also occupies the first place
as regards the quantitative occurrence of the elements analysed, whereas
magnesium is last on the list preceded by potassium, sodium and
phosphorus. Moreover, in all bark samples sodium comes belore
potassium. The germination capacity of Raphanus sativus seeds on
a powdered dead pine bark substrate reaches 67 per cent. This specific
substrate no doubt depressed the germination process (Aaron, 1976),
nevertheles, there was a marked difference between the results for sites
situated close to the aluminium works and those for the control sites.
Among the analysed elements, fluorine exerts an inhibitory effect on
radish seed germination, as indicated by the highly significant correla-
tion coefficient.

The present investigations lead to the following conclusions:

1. Scots pine bark is capable of absorbing chemically active compounds,
therefore, it may serve as a biological indicator of the degree of air
pollution both with gaseous substances and dusts which are mechanically
deposited.

2. The chemical characteristic of this pine bark allows to establish the
range of long lasting industrial emissions, whereas air analysis or plant
tests reflect only the state of pollution in the period of measurement cr
exposure.,

3. The bark pH of pines growing on industrial areas depends on the
chemical composition of the polluted air. When emission is of complex
character, the acidifying influence of SO, is neutralised, therefore the

4
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pH and sulphur content in pine bark cannot be the only measure of
the air pollution degree.

4. The fluorine content in dead bark layer of Pinus sylvestris and in
transplanted bark sections from control areas is a very good bioindicator
of air pollution with fluorine compounds and may serve for diagnostic
purposes.
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Kora sosny zwyczajnej (Pinus sylvestris L.) jako biologiczny wskainik
stopnia zanieczyszczenia powietrza atmosferycznego

Streszczenie

W korze martwicowej sosny zwyczajnej (Pinus sylvestris T..) zebranej na
stanowiskach znajdujacych sie w promieniu 12 km od huly aluminium ,Skawina”
(ryce. 1) oraz na dwoch stanowiskach kontrolnych oznaczono pH oraz zawartosc
F, S, Mg, Na, P, K i Ca (tab. 1).

Na objetym badaniami terenie, oprocz huty aluminium znajduje sie takzc
celektrownia oraz zaklady sodowe, stad tez emitowane zanieczyszczenia maja zlo-
zony charakter chemiczny.

Odczyn analizowanych prob jest kwasny (2,9-4,1 pH), wyrainic wzrasiajjcy
w poblizu huty aluminium i zakladéw sodowych. Zawartosé fluoru w korze sosno-
wej waha sie od 0,018 do 0,386 mg/g, a siarki od 1,00 do 3,83 mg/g. W probach
o zwiekszonej zawartosci siarki wzrasta takze ilos¢ wapnia.

W analizowanej korze martwicowe] sosny zwyczajnej pierwsze miejsce pod
wzgledem ilosciowym zajmuje wapn, a ostatnie zwykle magnez. Natomiast po-
zveja siarki i fluoru ulega zmianie w zaleinosci od polozenia danego stanowiska
w stosunku do zrodel emisji (tab. 2).

Zaleznosci zachodzace miedzy odezynem kory martwicowej a zawartoscig po-
szczegblnych pierwiastkow przedstawiono w tabeli 3. Dodatni wplyw na wartosé
pH wywiera fluor i wapn.

Zdolnosé kielkowania nasion rzodkwi zwyczajnej (Raphanus sativus L.) na
podloizu sproszkowanej i odpowiednio nasgczonej kory martwicowej sosny zwy-
czajnej byla uzalezniona od zawartosci fluoru (tab. 4) i w przypadku stanowiska
polozonego najblizej huty aluminium zostala obnizona o ponad 50% w stosunku do
proby kontrolnej (ryc. 2).
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