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Abstract

Accumulation of Pb, Zn, Cd, Mn, Fe and Mg reaching the selected ecosystem
in the dust emitted by a zinc-mill, was estimated in the leaves of Pinus
silvestris, Vaccinium myrtillus and Vaccinium vitis-idaea, the main plant
components of the system, and in the five upper soil layers. The values of
metal concentration were different for the three considered species and
showed — for each of them — dependence on the pollution degree of the
stand. This regularity concerned Pb, Zn, Cd and Mn but not Fe and Mg.
A significant positive correlation exists between the content of Pb, Zn and
Cd in the soil and their concentration in leaves, the correlation for Mn is
significant but megative. Manganese in leaves proved to be an antagonist
in respect to the other metals.

INTRODUCTION

Zinc- and lead-mills are the source of intensive emissions, containing
heavy metals which are particularly dangerous pollutants. It is the
reason why this type of emissions was investigated in respect to their
influence on soil (John et al, 1975), on the air (Dorn et al., 1976)
and on plants (Kazimierczakowa, 1975). The present paper con-
siders all these objects as components of an ecosystem, the main plant
participants of which were the species Pinus silvestris predominating
among the trees, and Vaccinium myrtillus and Vaccinium vitis-ideea —
the two principal components of the herb layer. The content of Pb, Zn,
Cd, Mn, Fe and Mg was estimated in the assimilating parts of these
species. Vertical distribution of these elements in the five soil layers
and in the dustfall at two altitudes was also determined.

The ability of metal accumulation by the investigated species in
respect to the location of a stand was investigated. The second problem
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was: how the accumulation of toxic metals in the soil and their concen-
tration in the dustfall influence their uptake. Among these elements
Zn, Mn, Fe and Mg are necessary for plant metabolism, while the neces-
sity of Pb and Cd has not been considered so far.

MATERIAL AND METHODS

The investigations were carried out in four selected stands in 1977/
/78. Three of them, strongly influenced by a zinc-plant operating for
many years at Miasteczko Slgskie, Upper Silesia, were situated at gra-
dually increasing distances from the emitter, in the direction of pre-
vailing winds; the K (Zyglinek), L. (Brynica 1) and M (Brynica II)
stands — 0.9, 2.5 and 5.0 ki from the zinc-plant. The fourth stand C
(Kokotek) represented a control area in the forest district Lubliniec,
relatively pollution-free, at a distance of 24 km from the center of
emission. The polluted ecosystem represented a fresh pine forest in
which the trees of Pinus silvestris were of equal age of about 20 years.
In these stands there was a constant process (very advanced for the
K stand) of thinning out owing to the influence of emissions. The clea-
red areas in which the intensity of light reaching the forest floor strong-
ly increased, were becoming gradually dominated by both Vaccinium
species, Vaccinium myrtillus being gradually ousted by Vaccinium vitis-
-idaea. '

The soil samples were collected three-times during the whole re-
search period, with the aid of a soil drill of 10 ¢m diameter, plunged to
a depth of 25 cm, from different spots, rather uniformly distributed in
the investigated area. Individual samples were divided into five layers:
0-5, 5-10, 10-15, 15-20 and 20-25 cm, and mixed samples were prepared,
composed of 25-30 samples of any layer. The air-dry soil of every layer,
sieved on a 2-mm sieve, was used to determine the pH values in H;O
and KCl and the buffer capacity in 0.025 N HySO4 (bc,) and 0.025 N
NaOH (becp) in the way previously applied to aqueous homogenates of
leaves (Czuchajowska, Przybylski, 1978). Soil dried at 105°C,
sieved as before, was used for the estimation of organic matter content
by Tiurin’s method, nitrogen content — by that of Kjeldahl and metals
content by means of atomic absorption spectroscopy (Baker, Smith,
1974) on a Perkin-Elmer 403 spectrometer. In the latter procedure
acids extracts (50 ml) of 5-g samples of soil were applied: 1 N H.SO,
and 1 N HCl were used for Zn estimation, 0.1 N HC] for Mn and Fe,
0.05 N HCI for Mg and 1 N HNO; for Pb and Cd. Estimation of cadmium
involved its concentration in the organic phase of methylisobutyl ketone.
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The dustfall on every area, ranging for the four investigated stands
from 160 to 38 t per km? per year, and its metal content were measured
by the sedimentation method (Just, 1963) at the level of 2 m above
the surface and at 0.5 m, i.e. that of the dwarf shrub height, during
the vegetation period from April to September 1977. The dustfall samp-
les, collected in Weck jars placed under the canopy of three-tops on
the mentioned altitudes, after transportation to the laboratory were
evaporated to dryness. After estimation of the dry mass, the material
was moistened with a few millilitres of the 1:1 mixture of concentra-
ted HCl and 35% HNO;, evaporated once more to dryness and calcina-
ted in an electric oven at 450-500° during 3 hours (Strusinski,
Wyszynska, 1971). Subsequent addition of the HCI-HNO; (3:1)
mixture, followed by introduction of 10 mil HsO, transformed the metals
into soluble compounds. The solutions, acidified to pH = 1, were then
used for estimation of metal content by atomic absorption spectroscopy
(see above).

The leaves of Vaccinium myrtillus and Vaccinium vitis-idaea and the
current year and biennial needles of Pinus silvestris were collected only
once from the described stands in the following manner. From every
dwarf shrub, taken out of a hundred specimens randomly chosen, one
shoot was collected, containing leaves of all ages. In the case of Pinus
silvestris, from every tree of the hundred randomly chosen individuals,
one branch cut off from the middle part of the crown, containing current
year and biennial needles, was collected. After transportation to the
laboratory, the leaves and needles were picked off and thoroughly wash-
ed (to eliminate the metals superficially accumulated, the content of
which could be easily influenced by disturbing factors, e.g. rainfall).
Then the samples, dried to constant weight at 105° C, were powdered
to a homogeneous material (properly protected against contamination by
trace elements). It was subsequently heated at 500-550° C to constant
weight. The ash obtained was dissolved in 1 N HNO3; — only for Mn
estimation 20° HC] was used — and the content of metals was estima-
ted with an atomic absorption spectrometer (see above). In some cases
the solutions had to be suitably diluted.

It should be mentioned that the content of Pb, Zn, Cd, Mn, Fe and
Mg, expressed in ppm of dry material, was always estimated in 8 sepa-
rate samples of soil, dustfall, leaves and needles. The results obtained
by analysis were evaluated statistically, the correlation indices were
calculated according to Snedecor (1956).

i
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RESULTS

The elements under consideration present in the dustfall (Table 1),
accumulated mainly in the top soil layer (0-5 cm, Figs. 1, 2). Lead, zirc
and cadmium were found in a particularly high percentage, their con-
tent in the deeper layers decreasing distinctly, e.g. for the K stand,
closest to the emitter, the content of Pb decreased from 2800 ppm in
the 0-5 cm layer to 75 ppm in the subsequent 5-10 cm layer and finally
to 8 ppm in the lowest one. Only the soil from the L stand, characteri-
sed by a very high content of organic matter (ca 40%) showed appre-
ciable concentration of metal in the second layer, 5-10 cm; this concern-
ed Zn (the element known to form complexes with humic compounds),
Cd and above all Pb, the latter element present in 1060 ppm concentra-
tion. The dependence of metal concentration in the polluted upper layer
versus the distance to the emitter proved to be almost linear, e.g. the
concentration of Pb decreased from 2800 ppm, through 1100 ppm to
130 ppm. The control stand showed a concentration of Pb, Zn and Cd
of 75, 24 and 0.7 ppm, respectively. In the upper soil layer from the
stand near the emitter (stand K, layer 0-5 c¢m) the pH increased, as a
result of metal accumulation, from 5.4 to 5.8 in the period: April 1977 —
November 1978. The two more distant stands did not show such a chan-
ge, the pH values being contained in the range 4-5, as compared with
the pH of the control area not exceeding pH = 4.

Table 1

Content of some metals in the dustfall in 1977

‘ | Do | Pb | Zn | Cd | Mn | Fe *| Mg |
Stand | Altitude | Dustfal | ¥ | “n | %€ i Ma] Te "I Ms |
R R L (ppm)
: ST NOEITY. . AU i
W | 2m 12447 | 9703 20131 | 1989 | 810 | 22314 |14067
| 0.5 m | 165.68 7412 | 14972 | 149.7 690 | 15713 | 12896
! . ! : ' 5 :
L | 2 m | 85.9 | 2977 | 5888 | 75.2 | 421 9388 @ 6215
05m | 644 | 3785 | 3955 67.8 | 305 | 15198 | 3955
| | | I [ | |
M ! 2 m 62.78 | 2086 | 6519 i 97.8 | 600 ! 11799 ' 9126
©0Sm | 7147 | 3230 8591 | 1090 | 484 9106 | 7560
| ¢ | 2m 3767 | 213 709 | 273 | s00 | 7981 | 4775 |
| (control) | 0.5 m ! 55.12 I 316 862 | 26.3 485 5997 4208 |

Accumulation of the investigated metals in the green parts of the
plants depended for every considered stand on the plant species. The
content of lead in the leaves collected from the most polluted stand K,
showed drastic differences. For Vaccinium vitis-idaea Pb concentration,
2800 ppm, exceeded 30-times that in the leaves of Vaccinium myrtillus
and 6-times the content in the biennial needles of Pinus silvestris. The
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Fig. 1. Content of : (a) lead, (b) zinc, (¢) cadmium (ppm) in five soil layers of the
investigated stands (lines) and in the leaves of Vaccinium myrtillus (V.m.), Vae-
cinium vitis-idaea (V.vi) and the current year (cy) and biennial (bi) needles of
Pinus silvestris, all collected in September 1978 (bars). The stands K, L. and M
are at a distance of 0.9, 2.5 and 5 km from the emitter, stand C is the control
one. The values of metal concentration in the needles of Pinus silvestris are not
given for stands L. and M. The sets of numbers give the following parametres
of the soil upper layer (0-5 cm) of the indicated stands: organic substance (O.s)),
nitrogen content (N), C:N ratio, pH, buffer capacity against acid (bca), and
against base (bcp).
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layers and in the leaves of the investigated species. For other explanations see
Fig. 1.

Fig. 2. Content of: (a) manganese, (b) iron, (¢) magnesium (ppm) in five soil



Heavy metals in an ecosystem 345

concentration of zinc was lower, however, Vaccinium vitis-idaea accu-
mulated 4-times more of this element than did Vaccinium myrtillus.
Cadmium was accumulated to the highest degree by Vaccinium myrtil-
lus (7 ppm) growing in the stand near the emitter. It is characteristic
that the predominance of some heavy metals concentration in Vaccinium
vitis-idaea over Vaccinium myrtillus (Figs. 1, 2) diminishes with increas-
ing distance from the emitter, this concerning Pb, Zn and Mn. Concen-
tration of Cd, Mg and Fe was always higher in Vaccinium myrtillus
than in Vaccinium wvitis-idaea, however, the content of the latter metal
showed only limited difference for the three investigated species in
respect to the distance.

A significant positive correlation was found between the content of
Pb, Zn and Cd in the soil and their concentration in the leaves of both
Vaccinium species. The respective values for Vaccinium myrtillus are
as follows: Zn 0.86** Pb 0.94** Cd 0.65**; for Vaccinium vitis-idaed:
Zn 0.90**, Pb 0.98**, Cd 0.91** (the index ** denotes the level of signi-
ficance equal to 0.01). Manganese behaved differently from all other
metals. Its uptake by the three species was independent of Mn concen-
tration in the soil and in the dustfall. The lowest concentration of
manganese was found in the soil of the control stand, in which all
species accumulated many times more manganese than in the three
polluted stands. Mn concentration in the leaves of Vaccinium myrtillus
(1900 ppm), exceeded almost 3-times that found in the leaves of Vacci-
nium vitis-idaea and 20-times that in the current year needles of Pinus
silvestris (Fig. 2a). Along with the gradually decreasing distance from
the emitter, the uptake of Mn by the same species decreased, reaching
very low values near the zinc-plant. Statistical calculations showed a
significant, negative correlation between Mn content in the soil and
leaves of both Vaccinium species: —0.42* and —0.35* for myrtillus and
vitis-idaea, respectively (the level of significance equal to 0.05). Although
analysis on manganese content in Pinus silvestris leaves was performed
only for the most polluted stand K, and the control one C, it seems
obvious that the negative correlation is also typical for this species.

DISCUSSION

Confrontation of the results presented above with a few literature
data is really difficult because of the differences, or even neglection in
some papers of such parameters as soil characteristics, the amount of
industrial emission, etc. The obtained data concerning the content of
Fe and Mg in the leaves of Vaccinium species and Pinus silvestris, are
in general similar to the mean values calculated from the data of Wiel-

13
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golaski et al, (1975) and Huttunen (1975), for the same species
grown in the forests of Norway and Finland. This leads to the conclu-
sion that the content of Mg in plants, and particularly that of Fe re-
mains at a constant level for any particular species, even in different
climatic-edaphic conditions (see also Eaton, Mechan, 1971).

This is not true in respect to Pb, Zn and Cd. For instance the con-
centration of Pb in the two Vaccinium species exceeded several times
that found by Lag and Bolviken (1974) in Vaccinium species grown
in natural galena soils, Zn content also appeared to be two-times
higher than that found by Kazimierczakowa (1975) for Vacci-
nium vitis-idaea growing on a pollution-free area. The amounts of Cd
found in the leaves of Vaccinium myrtillus and Pinus silvestris weare
also several times higher than those estimated by Ladg and Bolviken
(1974). The distinct differences in leaf morphology of the two investi-
gated Vaccinium species (apart from those of Pinus silvestris) cannot
be considered as the only important reason of different ability of heavy
metal accumulation, because the ratio of a considered metal concentra-
tion in Vaccinium vitis-idaea to that in Vaccinium myrtillus showed
distinct changes depending on the distance from the source of emission,
i.e. on metal content in the dustfall and in the soil (this concerned, first
of all, Pb, Zn, Cd and Mn). To what degree an assimilating organ shows
a different ability of accumulating different metals over a longer period
of time, is clearly shown by comparison of the current year and biennial
needles of Pinus silvestris. The needles older by one year accumulated
250%/0 and 200% more lead and iron, respectively, than did the youngest
ones, however, only 20-50%9 more Zn, Cd and Mg.

It is necessary to point out that heavy metals contamination of a
plant is not always reflected in changes of its life activity, as shown
by Czuchajowska, Straczek (1979) in respect to the germina-
tion viability of Vaccinium species seeds, and by Buszman (1979)
— as regards the flowering phenomenon of these species.

Manganese seems to a large extent an antagonist in respect to the
other metal elements considered in this paper. The individual features
of the species strongly influenced its accumulation. It is remarkable
that the leaves of Vaccinium myrtillus grown in the relatively pollution-
-free stand C accumulated 20-times more of Mn than the leaves collec-
ted from the stands influenced by the zinc-plant. These amounts are 5-
-times higher than those observed by Wielgolaski et al. (1975).
On the other hand, the data for Vaccinium vitis-idaea growing in the
control stand do not deviate from those obtained by the mentioned
authors. The substantial differences in manganese accumulation in the
green parts of plants originating from the same stand make it necessary
to consider whether the data concerning the values of pH and the buffer
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capacity of 'homogmateé_ of leaves (Czuchajowska, Przybylski,
"1978; Czuchajowska, 1979) are responsible among other factors
for the high degree of Mn accumulation in Vaccinium myrtillus leaves
as compared with those of Pinus silvestris (Fig. 2a), because of the
well known dependence of manganese mobility on the pH of the me-
dium. One should mention here that the latter factors are related to
the redox potentials which influence manganese binding to chloroplasts
previously treated with some chemicals, as Takahashi and Asa-
d a (1977) have noticed recently.

Less manganese accumulation in Vaccinium plants in heavily pollu-
ted stands may result from the difficulty of its transport to the aerial
parts from the roots. This may be caused by the antagonistic character
of Mn in respect to Pb and Cd. The latter two metals occur in high
concentration in Vaccinium roots (Lorek, 1978), for which a highly
positive correlation between the content of Mn and that of Pb, Zn and
Cd has already been found.
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Kumulowanie sie metali ciezkich w ekosystemie pozostajgcym pod
' wplywem emisji huty cynku

Streszczenie

Zbadano zawarto§¢ Pb, Zn, Cd, Mn, Fe i Mg w lisciach Pinus silvestris, Vac-
cinium myrtillus i Vaccinium vitis-idaea, stanowigcych gléwne skladniki wybra-
nego ekosystemu znajdujgcego sie w bezposrednim sgsiedztwie huty cynku w
Miasteczku Slaskim (stanowiska K, L i M odlegle w kierunku przewazajacych
wiatrow, odpowiednio, o 0,9 2,5 i 5,0 km; stanowisko kontrolne C — w odleglosci
2% km). Oznaczono takie zawarto$¢é wymienionych metali w pieciu warstwach
gleby o podanej charakterystyce, a takie w pylach przemyslowych na poziomie
0,5 i 2 m (tab. 1). Gromadzenie si¢ metali w liSciach okazalo sie dla kazdego
badanego stanowiska zaleine od gatunku ro$liny, np. stezenie Pb w Vaccinium
vitis-idaea (K), 2800 ppm, przekraczalo 30-to krotnie stezenie w Vaccinium myrtil-
lus i 6-cio krotnie w jednorocznych szpilkach Pinus silvestris. Przewaga stezenia
Pb, Zn i Mn w lisciach Vaccinium vitis-idaea nad ich zawartosSciag w Vaccinium
myrtillus zmniejszala sie w miare oddalania od emitora. Znaleziono znaczaca do-
datnig korelacje pomiedzy zawarto$cig Pb, Zn i Cd w glebie, a ich stezeniem w
lisciach; korelacja taka dla Mn okazala si¢ ujemna., Antagonistyczny charakter
Mn w stosunku do innych badanych pierwiastkéw znalazl takze odbicie w zmniej-
szajacej sie kumulacji tego metalu w liSciach w miare zblizania sie do emitora
(rys. 2a), co prawdopodobnie wynika z utrudnienia jego przewodzenia z korzeni
do lisci, zwigzanego z duzym stezeniem Pb i Cd w korzeniach Vaccinium species.
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