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Wplyw zanieczyszczen huty cynku w Miasteczku Slaskim na zawartosé
mikroelementéw w Srodowisku wod powierzchniowych*

The influence of the pollution of a zinc plant at Miasteczko Slaskie
on the content of microelements in the environment of surface waters

Whplyneto 26 stycznia 1974 r.

Abstract — The level of the concentration of microelements and their accumulation and
distribution were determined in the water and sediments of rivers, streams, and reservoirs in the
region of zinc and lead smelting works. It was found that already in the first period of the activity
of such industries the state of purity of neighbouring surface waters is affected not only by the release
of wastes but also by the pollution of the air. The occurrence of heavy metals in the waters and
sediments was considered against the background of their basic properties and of the general pollution
situation of the region. The release of metallurgical waste waters brings about a very great increase
in the amount of Zn, Cd, and Pb in the main river of the investigated territory. An exceptionally
high content of cadmium occurs in the water of this river, which among other factors decreases
the class of purity of this river. In the investigated water system the degree of distribution of
metals, especially of Zn, is very high. The reservoirs on this river favour the self-purification
of the water from the metals.

The plants of the smelting industry, particularly of non-ferrous metals,
may in various ways have a negative influence not only on the quality of the
air, the chemism of soils, and the vegetation in the nearest vicinity (Skawina,
Wachalewski 1965, Skawina 1967, Greszta, Godzik 1969, Paluch, Kar-
weta 1970, Kowalinski et al. 1972, Turski, Baran 1972) but also on the
neighbouring aquatic environments (Skei et al. 1972, Winchester, Nifong
1973, Pasternak, Glinski 1972, Pasternak 1973). The intensity of the
influence of metallurgical pollution on surface waters depends in a great
measure on the degree of sewage purification, on the technological processes
of a given plant, and on the time of its production activity. This intensity
may show greater or less variability in space. In general, considerable pollution
of head water occurs only in that part of the grounds surrounding the plant
where the wastes are directly released and strong fallout of industrial dusts
(from the air and from the dumps of dust wastes) are recorded. In the vicinity
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of industrial works the level and the process of the contamination with various
compounds of the waters in further zones, which remain within the range
of emitted dusts only or under the influence of polluted ground waters, may
be different (Robbins et al. 1973, Golwer, Schneider 1973). It seems
that the pollution of waters in these zones will in an exceptionally great
degree depend not only on the intensity of the emission of dusts but also
on the time of the activity of a plant and from the character of the catchment
area whence these waters flow. In the case of the territories which were the
subject of the present investigations, the influence of the ground waters on
the chemism of surface waters would probably be of secondary importance,
since in this region, in consequence of considerable drawing up of ground
waters by numerous artesian wells for the water supply of the metallur-
gical works “Miasteczko Slaskie”, the waterworks “Biliela”, and other in-
dustrial objects (to the amount of 4110 cu. m. of water/hr), the circulation
of the ground waters in the direction of the river is slightly disturbed and
retarded.

Heavy metals form a cignificant percentage of pollution penetrating from
zinc and lead works to the biolcgical environments. Great amounts of them
occur both in the sewage (Jennet, Wixson 1972, Pasternak 1973) and in
the emitted dusts (Skawina, Wachalewski 1965, Winchester, Nifong
1973). The content, distiibution, and accumulation of heavy metals in the
aquatic environments situated in the vicinity of this kind of metallurgical
works are little known in our country. Particularly little is known about the
range of the influence of dusts, emitted into the air by zinc and lead smelting
works, on the content of heavy metals in the water. As is known, all these
problems are important since higher contents of heavy metals in the water
can influence unfavourably not only the clean but also the polluted waters
(i.e. the aquatic organisms which take part in their pollution, Zajaczkowska-
Steplowska 1972).

The aim of the present work was to obtain further data on the level of the
concentration, migration, and cumulation of heavy metals in the environment
of surface waters in the neighbourhood of zinc plants. On the example of the
vicinity of zinc and lead smelting works in the town of Miasteczko Slaskie
it was above all attempted to determine whether in the first period of the
production activity of such plants the influence of the emitted dusts on the
chemism of the water and of bottom sediments of the neighbouring rivers
and water reservoirs situated on the lines of the prevailing winds, is already
visible, the zinc plant “Miasteczko Slaskie” having been built on so far non-
-industrialized territories (forests, arable land) and the initial sectors of the
neighbouring rivers do not receive any fluid pollution. In this territory only
the local drawing up of the ground waters and a slight contamination of
the air are not quite new phenomena. Moreover, it should be noted that the
dam reservoir on the River Brynica (Koztowa Géra)is utilized for waterworks.
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Territory of investigations

The territories surrounding the zinc and sulphuric acid production works
“Miasteczko Slaskie” have the character of a plain and are covered with
forests to about 70 per cent. The forest stands occurring here are coniferous
monocultures, pine being the dominating species. The territories are drained
by two rivers, the Mata Panew (about 120 km in length and with a catchment
area of 2037 sq. km.) and Brynica. The physiography of the catchment basins
of these two rivers is similar. The scheme of the water system of the Mala
Panew and the upper Brynica is presented in fig. 1, the discussed zinc works
and the stations where the samples of water and sediments were taken, being
marked there.

The receiver of the neutralized and partly purified wastes from the Miaste-
czko Slaskie plant and of the usually untreated wastes from other industrial
works is the River Mata Panew. The upper Brynica, with a dam reservoir
at Koztowa Goéra constructed on it, and a small water body Chechto within
its catchment basin, does not receive any fluid pollution and has relatively
clean water. The catchment area of this part of the Brynica is situated on the
windward side cf the zinc plant, in the direction of the prevailing west winds.
In the investigated territory the west winds change their direction to NW most
often in the period from April to July, and to SW in the remaining part of
the year. It is therefore under the influence of the pollution emitted into the
air by the works. Also the initial clean sector of the Mata Panew is within
the range of only a poor fallout of dusts emittcd by the plant, considerable
pollution of the River Mala Panew beginning as far as in the locality Kalety
(24 kilometres from the spring) where it receives an enormous load of organic
wastes from a cellulose and paper-mill. The wastes from the zinc smelting
plant are released to thc Mata Panew several kilometres below Kalety through
the Stota stream, to which they are led from the plant through a small stream
(canal) Graniczna Woda (fig. 1). Already far above the mouth of the canal
Graniczna Woda the Stola stream receives a load of municipal wastes, of
strongly polluted waste waters from the chemical plant “Czarna Huta” in
Tarnowskie GOry, of wastes from mechanical works of non-ferrous metals
in Skrzybnica, and from the paper-mill in Boruszowice. Below the mouth of
the Stofa stream the River Mala Panew no longer receives any great loads
of industrial wastes. Only a small amount of this kind of pollution passes
to the River Matla Panew in its middle course from the ironworks in the locality
Zawadzkie and in its lower sector, some kilometres above the recession of
the dam reservoir at Turéw (108 million cu. m. of water) situated on it, from
the ironworks in Ozimek. Below the village of Zawadzkie a certain load of muni-
cipal sewage (from the town of Lubliniec) is fed with the waters of the Lu-
blinianka stream. However, the content of microelements in the water of
this stream is not high (Pasternak, Antoniewicz 1969).
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The territory of the upper and, in the main, of the middle part of the
catchment area of the River Mata Panew is composed of Triassic variegated
clays and limestones, usually covered with a thick layer of glacial sands.
A belt of dolomite orebearing rocks which occurs in the deeper substratum
on the southern outskirts of the upper part of the catchment basin probably
has no significant effect on the chemical composition of the water in the
River Mala Panew. In the remaining sector of the middle part of the catchment
basin of the Mata Panew (from the locality Zawadzkie) and in almost the
whole lower part various kinds of Triassic clays (gray and variegated) are
found under glacial sands, though usually not in complexes with limestones
and dolomites but with slate clays and sandstones.

In the substratum of the upper catchment basin of the upper Brynica
with the reservoir at Kozlowa Géra and the small mid-forest water body
Chechlo, rocks of age and quality similar to those in the upper part of the
catchment basin of the River Mala Panew occur. The catchment basin of the
River Brynica differs from that of the Mala Panew only in that among its
Triassic rocks the calcareous and dolomite ones constitute a larger percentage.
Moreover, on a sector of 2 kilometres the River Brynica flows through a terri-
tory whose deeper rocky layers are ore-bearing dolomites.

On the sandy rocks of the surface layer of the catchment basin of both
investigated rivers podsolic soils were formed with the granulometric compo-
sition of loose sands, weakly loamy, or light loamy sands. Thus the soil cover
of these territories is fairly permeable.

In their upper sectors the discussed rivers are deeply cut in the substratum.
Between the mouth of the Stota stream and the reservoir at Turéw the River
Mata Panew winds greatly and forms numerous shallow arms and flooded
areas very often covered with flowering plants, this considerably increasing
its ability of self-purification.

Method

In the waters and sediments of the reservoirs, rivers, and streams flowing
in the region of the zinc plants, besides the content of microelements, basic
chemical properties were also defined. They were determined with the use
of generally applied methods. The microelements in the water were determined
using an atomic absorption spectrophotometer (Standard Methods 1970)
and in the bottom sediments using an emission spectrophotometer (Gliniski,
Grajpel 1965). In the river and streams the bottom sediments were sampled
in several cross-sections on a sector of 50 m. The samples of water as well
as of sediments were taken twice at the average water level in summer 1972
and twice at the higher water level in the winter-spring period 1973.
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Results of investigations of the water

As the determinations of the general chemical properties of the water
from the region of the zinc plant suggest (Table I), clean water from the
initial sector of the River Mala Panew (up to Kalety) is characterized by
normal colour and oxidability, good oxygen saturation, weakly alkaline
reaction, average content of calcium, magnesium, potassium, sodium, and
chlorides, and slightly higher content of sulphates. Beginning from the locality
Kalety the water of the Mala Panew has the colour of black coffee and its
oxidability reaches enormous values. The oxygen content is nearly zero.
Besides further increase in the content of sulphates a very high increase in
sodium content occurs there.

Already before the inflow of the polluted water from the zinc plant “Mia-
steczko Slaskie” through the canal Graniczna Woda, the Stota stream has
water of a high degree of pollution. In general, the water of the Stola is
characterized by a great amount of sulphates and chlorides, sodium and
potassium, and by considerably increased oxidability and total hardness as
compared with the clean waters of this territory (Table I). It also contains
a great amount of suspension with a considerable quantity of mineral sus-
pension in it (among others particles of kaolin). According to the investigations
of Wysokinska et al. (1963), about 134 mg of suspension occurs on the
average in 11 of water from the Stola below the papermill in Boruszowice.
In consequence, the water of this stream has great turbidity and a specific
ashy-grey colour.

The direct recciver of partly treated wastes of the zinc plant, the canal
Graniczna Woda, has almost clear (only slightly opalescent) water, well
oxygenated, of average oxidability, and, owing to the neutralization treatment
carried out in the zinc plant, of neutral reaction (Table I). In the chemical
composition of the water of this stream considerable total hardness, and in
it a high content of magnesium and potassium, and a very high one of sulphates,
is striking. It should also be mentioned that the stones of the bottom of this
stream are covered with tufts of filamentous green algae.

Below the mouth of the Stofa stream the water of the River Mala Panew
once more changes its basic chemical character, a decrease in the content
of organic matter (oxidability) being accompanied by an increase in the
content of calcium, sodium, potassium, sulphates, and chlorides.

On further sectors of the middle river course the water of the Mata Panew
already undergoes successive self-purification. This is visible in a further
increase in its oxidability and in the content of calcium, sodium, and of
chlorides. It should also be stressed that the decrease in the Ca content in
the water is a factor favouring the dissolution of lead. According to Col-
lienne and de Graeve (1973), soft waters are more aggressive in relation
to this element. In this sector of the Mala Panew, as well as in its whole
course, the content of iron in the water is fairly high and relatively invariable
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(Table II). In the lower course of the Mata Panew a particularly positive role
in the self-purification of the water is played by the reservoir at Turawa,
below its dam the general state of purity of the water in the river being much
improved (Table I — Hungary).

Similarly as the upper sector of the River Mata Panew, the reservoirs
at Koztowa Géra and at Chechto have relatively clean water. As compared
with the clean water of the spring sector of the Mala Panew, the water of
the reservoir at Koztowa Géra has only slightly more calcium and magnesium,
a more alkaline reaction, and considerably less iron.

The water of the shallow reservoir Chechlo, which was formed, for recre-
action purposes, by flooding an excavation after the exploitation of sand,
is characterized by high oxygenation, very small content of calcium and
magnesium, and small iron content. Such chemical properties of the water
of this reservoir in a great measure result from the mass development of
submerged plants (biological decalcification of water and precipitation of
iron).

The content of microelements in the waters of streams and rivers which
are direct or indirect receivers of wastes from the zinc and lead works at
Miasteczko Slaskie and in the water of the reservoirs situated in the region
of these works is presented in Table II. As these data indicate, the concen-
tration of almost all investigated microelements in the water of the upper
sector of the River Mala Panew and of the reservoirs at Koztowa Géra and
Chechto, which lie within the zone of the weakened fallout of dusts from
the works, does not show any significant deviation from the average values
found in this type of clean waters (Pasternak 1971, Robbins et al. 1973,
Ebner et al. 1973). In the water of the Mala Panew a distinct increase occurs
in the amount of microelements down to below the inflow of organic wastes
from the cellulose plant at Kalety. This increase above all concerns the
amounts of lead, zinc, chromium, nickel, and cobalt. Nevertheless, high
concentrations of numerous microelements are noted only in those sectors
of the river network of the Mala Panew where the inflow of wastes from
the zinc plant and other industrial works occurs. The highest concentrations
of some microelements occur in the direct receiver of wastes, i. e. in the Gra-
niczna Woda stream and in the successive Stola stream.

Already before it mixes with the wastes from the zinc plant the water
of the Stola contains several times more zinc, cadmium, copper, nickel, and
lead than any average polluted surface water (Kopp, Kroner undated,
Pasternak 1973, 1973a, Pasternak et al. 1974). The high concentration
of copper and nickel in the water of this sector of the Stola stream suggests
that the main source of the contamination with heavy metals of its middle
sector is the inflow of mineral wastes from chemical works in Tarnowskie
Goéry and from mechanical ones at Strzybnica.

In the Graniczna Woda stream the content of zinc, cadmium, and lead
in the water is still higher, the level of the concentration of these elements
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considerably exceeding the amounts permitted by Polish norms for wastes
fed into rivers. In the quantitative composition of microelements of the water
of this stream an exceptionally high content of cadmium and a wide proportion
of zinc and lead are striking. This relation is much narrower, amounting
to about 2:1 in the dusts emitted by the metallurgical works “Miasteczko
Slaskie” (Paluch, Karweta 1970). An important fact resulting from the
investigations of the above-mentioned authors worth noting here is that
in the green parts of the plants it is still narrower (1:1). This fact supports
the findings of Bowen (1966) and Cowgill (1970) that the aquatic plants
have a great selective capacity of accumulating lead in spite of the fact that
this element is not indispensable for them. The occurrence of green epiphyte
algae in the Graniczna Woda stream and also in the canal No 3 draining
water from the zinc mining works (Pasternak 1973) indicates that in the
waters rich in calcium and magnesium certain plants can withstand great
concentrations of lead, zinc, and cadmium. The presence of certain algae
and bacteria in the sediments settling down on the river bottom (a tributary
of the Missouri) and coming from the zinc wastes of zinc mining works was
also observed by Jennet and Wilson (1972). However, it does not exclude
the fact that the amounts of Zn and Pb found in this stream are already in
the range of concentrations regarded as distinctly noxious for many aquatic
organisms, especially for small animals (Karbe 1972, Malanchuk,
Gruendling 1973). The content of copper, chromium, and cobalt in the
water of the Graniczna Woda stream is on an average level.

In the Stola stream some kilometres below the inflow of wastes from
the metallurgical works, the content of Zn and Pb in the water almost doubles
under the influence of these wastes. The content of cadmium increases in
a lesser degree. In comparing the determined values of Zn and Pb increase
in the water of this sector of the Stola with the theoretical value resulting
from the multiplicity of the dilution of wastes from the zinc works by the
water of the Stota (an approximately sixfold dilution, a part of this water
being that of two small, completely clean, streams) and with the amount
of metals in the water of this stream above the inflow of the wastes, one may
observe that owing to the self-purification of the stream on the discussed
sector the difference between these two values is very small. This suggests
that the actual biological ability of self-purification from heavy metals of the
lower sector of the Stota is insignificant. The process of self-purification of
the Stota from such metals is undoubtedly inhibited in some measure by
the inhibiting action of the too high concentrations of several metals on
various organisms taking part in it and by the content of very small suspensions
which sedimentate poorly from the water and prevent the penetration of light
to it. Nevertheless, it is difficult to find out precisely in what measure the
determined level of metals in the water of the Stola can act toxically, since
this depends on very many co-acting factors. Malanchuk and Gruendling
(1973) come to a similar conclusion on the basis of investigations on the
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toxicity of lead nitrate on 5 species of algae from weakly mineralized clean
waters. It must be stressed that for the last few years no fish have appeared
in the Stola and the development of various algae is very poor.

In the locality Potgpa the inflow of the water from the Stota, strongly
polluted with heavy metals, to the River Mata Panew (in the ratio 1:2) results
in a rapid increase in the quantitative level of almost all investigated elements.
Above all the content of zinc and cadmium very markedly increases in this
sector of the Mala Panew (Table II). The concentration of these elements
is higher than that permitted by the norms, while the content of lead is
maintained at the level recorded in the water of this river above the mouth
of the Stota stream.

On the first kilometres of this part of the Mata Panew the average content
of cadmium in the water is still so high that it exceeds the maximum concen-
tration of this element (120 pg Cd/lI) found by Knopp and Kroner
(undated) in the polluted waters of the USA (the river Cuyahoga, a tributary
of Lake Erie, an industrial region).

In connection with a very slight amount of cadmium in the litosphere
and poor solubility of its carbonates and hydrooxides in the water, the
concentration of this element in the relatively clean surface waters, as the
data in Table II and the results of Knopp and Kroner (undated) indicate,
usually ranges from a fraction of pg/l to 5 pg/l. Besides the zinc industry,
the source of cadmium in the polluted waters and in the air may also be,
among others, certain plastics and pesticides containing this element.

In the course of the River Mala Panew the content of cadmium, zinc,
chromium, manganese, cobalt, and nickel successively decreases. Among
the metals mentioned above the cadmium content decreases most rapidly
in the water. Before the locality Ozimek, lying 44 kilometres below the mouth
of the Stola, the content of this element is already only about 10-times higher
than the average. On this sector the fairly intense self-purification of the
waters of the River Mala Panew is probably in a great measure favoured
by the above-mentioned specific character of its bed (shallow flooded areas
considerably overgrown by flowering plants). As compared with the first
kilometres of this river sector in its lower course at Ozimek a great increase
in the content of copper and iron and a slight one in that of lead are noted.
It seems that this results from a certain inflow of metallurgical wastes in the
locality Zawadzkie.

Further self-purification of the water of the Mata Panew from heavy
metals (also from those which pass with the polluted waters of the metallurgical
works at Ozimek) occurs in the dam reservoir “Turawa”. A particularly great
decrease in the content of zinc and cadmium from the water of this reservoir
is recorded. The content of copper is still maintained at a high level. It is
probable that a fresh inflow of this element from the metallurgical works
at Ozimek contributes to it in some measure. Such a high degree of self-
-purification from zinc of the water of the reservoir at Turawa is probably

rcin.org.pl
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connected not only with the biological consumption of this element by
plankton algae which develop more intensely in the reservoir than in the
river, but also with the physico-chemical precipitation resulting from the
mineralization of a great part of dissolved organic substances in the water
(cellulose wastes) with which in the upper river course zinc has formed soluble
complex compounds, making possible its longer maintenance in water even
with more alkaline reaction. In reservoirs the activation of the self-purification
processes of the water from heavy metals is also in some measure influenced
by a considerable dilution of the pollution carried by the river in the waters
of the reservoirs and by the longer period in which the partly treated water
masses remain within the reservoir. The negative balance of heavy metals
in the water of the dam reservoir was already found by the author in his
earlier works (Pasternak 1971).

In the mouth sector of the Mata Panew (below the dam at Turawa)
a further decrease in the content of all investigated microelements is recorded.
However, this reduction is not great enough to bring the amount of these
elements in the water of this river sector to the level noted in clean rivers
(Knopp, Kroner undated, Abdullah, Royle 1972, Pasternak 1973)
or even in the relatively clean spring sector. In this sector of the river above
all the content of zinc, copper, cadmium, lead, and manganese is still con-
siderably higher than the average for clean rivers.

Results of the investigations of sediments

The total content of microelements in the bottom sediments of rivers,
streams, and reservoirs in the region of the metallurgical works “Miasteczko-
Slaskie” is presented in Table III against the background of the basic physicos
-chemical properties of these sediments. As these data indicate, the sedimente
lining the bottom surface of all the investigated water bodies have the
granulometric composition of sands, and also in the bottom of reservoirs
of strong loamy sands and in that of the River Mala Panew and its investigated
tributaries usually of loose sands (Table III). Only the sediments of the
streams whose water carries a larger amount of mineral suspension contain
more silty particles (< 002 mm). Among others the sediments of the Stota
stream are in the group of such sediments.

The sediments of the Koztowa Goéra have a weakly acid reaction (Table I1I),
the sediments in the river system of the Mata Panew showing distinct spatial
variability. Namely, in the upper sector of this river and its tributaries (up to
the locality Krupski Mtyn) the sediments have a weakly alkaline reaction
while in the middle and lower ones, where the total hardness of water suc-
cessively decreases (Table 1), the reaction is more or less acid. In the lower
part of the Mata Panew the greatest acidification was found for the sediments
of the reservoir at Turawa.
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The content of organic matter in the sediments of separate investigated
aquatic environments is fairly differentiated (Table III). Usually a higher
content is found in the sediments of reservoirs than in those of streams and
rivers. In the region of Kalety, in spite of great organic pollution of the water,
the River Mata Panew has sediments of low and little differentiated content
of organic matter in the whole length of its riverbed (the sediments of the
reservoir at Turawa not being taken into consideration). It seems that this
is chiefly connected with the specific character of the organic pollution from
the factory at Kalety. For the most part this pollution occurs in the water
in the form of dissolved compounds or very finely ground light cellulose
fibres which are therefore easily carried over a long distance by the water
(even with a slow rate of flow) and in only very small amounts settled on
the bottom of the river near the source of pollution. The pollution accumulated
on sandy bank shoals with slow water current are more rapidly mineralized
than on silty bottoms of rivers. A great percentage of the pollution organic
matter which has not been mineralized in the water of the Mala Panew,
does not accumulate until it reaches the bottom of the Turawa reservoir,
in an environment with physico-chemical properties different from those
of the river and in almost stagnant water. This results from the very great
amount of organic matter found in the bottom sediments of this reservoir.
In the case of the Stola stream, whose water receives in a great part organic
pollution of another kind (municipal sewage), the amount of organic matter
in the bottom sediments is fairly great and shows a correlation with the total
content and spatial differentiation (a decrease down the stream) of organic
substances in the water.

As the data in Table III indicate, the concentration of the majority of the
investigated microelements in the sediments of the reservoirs at Koztowa
Goéra and Chechto and of the initial sector of the bottom of the River Mata
Panew, which are within the range of the weakened fallout of dusts emitted
by the “Miasteczko Slaskie” metallurgical works, is decidedly increased
since it considerably exceeds the average content of these constituents not
only in sandy but even in silty sediments of clean lakes, reservoirs, and rivers
(Shimp et al. 1971, Brooks, Quin 1971, Gregor 1972, Pasternak, Glin-
ski 1972, Pasternak 1974). A greater increase in the content of micro-
elements in relation to the average occurs in the sediments of reservoirs than
in those of the initial sector of the River Mata Panew. Contrary to the picture
of the occurrence of microelements in the waters of the reservoirs presented
above, these phenomena indicate that the emission of dusts by the zinc and
lead works decidedly influences the properties of neighbouring aquatic en-
vironments. The absence of any distinct reflection of the influence of the
emission of dusts by the metallurgical works in the quantitative level of
microelements in the water most probably results from 2 coincident processes.
The first one of them is the rapid sedimentation of mineral particles of dust
settled on the water surface or washed from the catchment basin to the bottom
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of the water body, and consequently a certain decrease in the solubilization
of metal compounds contained in them. The other process is the secondary
biological and physico-chemical precipitation of a part of the dissolved
metal compounds from the alkaline and well-oxygenated water. In the
sediments under the waters of this part of the vicinity of the metallurgical
plant at “Miasteczko Slaskie” (the zone of weak fallout of dusts) a high
sub-concentration of Zn, Pb, Cd, Ni, Mn, Ba, and Sr is above all noted.
The exceptionally great inflow of zinc and nickel to the water from the air
contaminated by towns and industry was found by Winchester and Nifong
(1973) on the example of Lake Michigan. In the sediments of the Chechto
reservoir barium and strontium occur in particularly great amounts. This
suggests that the reservoir and its direct catchment basin remains not only
under the influence of the emission of dusts from the zinc plant but also,
or perhaps above all, of the emission of dusts from the chemical works
“Czarna Huta” which are situated on the west side, much nearer to this
reservoir than the zinc works (fig. 1).

The next sector of the River Mala Panew polluted with organic wastes,
being situated on the north-east side of the zinc works and therefore rarely
remaining under the influence of dusts emitted by them, has sediments with
a lower content of Zn, Pb, Cd, Ba, and Sr than the initial sector of the river
discussed above. However, it should be stressed that this phenomenon may
to a certain degree result from conditions adverse to the precipitation of
heavy metals from the water of this river sector. In this water such conditions
originate from the presence of a very great amount of organic substances
with which the metals readily form soluble complex compounds.

In the microchemical composition of the sediments of the Graniczna
Woda stream, which receives a direct inflow of wastes from the zinc works,
only a very high content of zinc, lead, and cadmium is noted. The other
investigated microelements occur in almost average amounts in the waters
of this stream. However, it should be stressed that the content of Zn, Pb,
and Cd, which is high in the sediments of the Graniczna Woda, is not so
great as might be expected on the basis of the enormous content of these
elements in the water. The amount of zinc in the sandy sediment of this
stream does not even reach such a range of concentration of this element
as was recorded in the finely granular mud of the settling tanks of municipal
and industrial sewage in several localities of West Germany (3000—7000 ppm)
mentioned in one of Hellmann’s papers (1972). This suggests that the
self-purification of the water from these metals is relatively weak within the
I'ESErvoir.

In the sediments of the whole investigated sector of the Stola stream
the concentration of determined microelements attains very high values
(Table III). In the sediments of this stream besides Zn, Pb, and Cd, very great
amounts of Cu, Ba, and Sr and great amounts of Cr and B occur. On the
basis of the data given in the works of Lauenberger and Hartmann (1971)



288

and Mathis and Cummings (1973) one may draw the conclusion that
the amount of zinc and cadmium in the sediments of this stream, with the
coincident great content of copper, which sinergistically affects the toxicity
of zinc, may already be classified among the concentrations negatively
influencing certain more susceptible species of the bottom fauna and bacteria.
A high concentration of Ba, Sr, Cu, and B in the sediments of the Stota sug-
gests that this stream is not only polluted with heavy metals from the zinc
works but also from other industrial establishments. With regard to the
fact that among others the Stota is also the receiver of sewage from the works
“Czarna Huta”, the high content of barium and strontium in its sediments
supports the above-mentioned hypothetical conclusion that the emission of
dusts from these works is the main source of contamination of the reservoir
at Chechto.

In comparing the concentration of microelements in the sediments of the
Stofa in the zone lying above the point where the wastes from the metallurgical
plant “Miasteczko Slaskie” are released and in the mouth zone it may be
said that with the flow of the stream a decrease in all determined elements
occurs. Thus the inflow of the wastes of the Graniczna Woda stream, rich
in Zn, Pb, and Cd, brings about no increase in the accumulation of these
3 constituents in the sediments of the mouth sector of the Stola. Even the
occurrence of great amounts of suspension capable of absorbing on its surface
heavy metals dissolved in the water and of sedimentating with them on the
bottom (Lobéenko, Kaplin 1968) does not contribute to it, since the
sedimentation of clayey suspensions on the bottom of this stream is disturbed
by the too rapid current of the water. The lack of more intense accumulation
of Zn and Pb in the sediments in the mouth sector of the Stofa indicates
that the purification of the water from these elements is very slight in this
sector of the stream. In the sediments of the Stota sampled above the inflow
of wastes from the zinc plant the content of copper is exceptionally high,
equalling its average content in the sediments of the most polluted sector
of the Czarna Przemsza, which collects the wastes from the industrial region
of Silesia (Pasternak et al. 1974). Hence it may be said that in the water
of the upper sector of the stream the degree of the pollution with copper
as well as the intensity of its precipitation from the water are very high. With
the flow of the stream the precipitation of copper from the water so much
decreases that in the sediments of the mouth sector of the Stota its amount
is already about three times lower. It seems that this phenomenon is connected
not only with an admixture of polluted waters, poor in copper content, from
the zinc works (Table 11) but also with the fairly intense precipitation of
copper from the water of the Stota, rich in calcium and magnesium (Table I).

In the sediments of the River Mata Panew below the inflow of the polluted
waters of the Stola a distinct increase in the content of Zn, Pb, Ba, Cu, Sr
and Cd occurs.
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western winds. Generally speaking, this influence is not yet great and
is considerably less than could be expected on the basis of the total emission
of dusts by the plant and of the zinc and lead content in them. In 1971 the
annual dust emission of the discussed plant was evaluated at 1500 tons of
which 300 tons was Zn (20 per cent) and 200 tons Pb (14 per cent). This still
relatively small effect of dust emission of the plant “Miasteczko Slaskie” on
the neighbouring surface waters is causally related to many factors active in
the vicinity of the works. It seems that above all it results from the space
differentiation in the fallout of heavy dusts containing zinc and lead (i.e. strong
near the works and weak in further areas), from the flat relief of the country
surrounding the works, and from great areas covered with forests and meadows,
this inhibiting the surface washing of dusts by rain water to streams and rivers .
As the investigations of Paluch and Karweta (1970) indicate, the greatest
amounts of dusts containing zinc and lead are retained in afforested areas.
Besides the plant cover, the factor buffering the effect of dusts or heavy metals
dissolved by rain water on the environment of surface waters, is the soil
cover. It was found in the collective investigations conducted in the USA
(collective work 1968) and in the experiments of Lehman, Wilson (1971)
and Wentink, Etzel (1972) that if the land soils are not yet in a greater
degree enriched with heavy metals, they are capable of sorptive capture and
of purification of waste waters from heavy metals. Hence by way of analogy one
may suppose that in the first year of the activity of a plant such a role is played
by the soils in its vicinity. It also seems that a very important factor preventing
the washing of heavy metals out of the contaminated soils in the vicinity of
metallurgical works is the simultaneous penetration of great amounts of
basic compounds, which diminish the solubilization of metals, from the dusts
in the air into the soils, since it is known that an increase in the soil pH (by
liming) fixes a considerable part of trace elements, preventing their migration
to water (Cottenie 1972). If in the further years of activity of the works
the emission of SO, and sulphuric acid, and in consequence the acidity of
soils in their neighbourhood, increased, the situation might radically change.
In connection with the accumulation of zinc and lead in the most superficial
soil layer (Skawina 1967, Paluch, Karweta 1970, Turski, Baran 1972)
and with the complicated circulation of underground waters discussed in the
introduction, any great penetration of metals to the surface waters through
the ground waters, is hardly possible in spite of the great permeability of
soils in the environs of the works. Nevertheless, with any other course of the
contamination processes on the areas covered with permeable sands, the
sub-concentration of lead may occur in the ground waters (Mainz et al. 1973).
Recently in West Germany the contamination of soils and of underground
waters with lead from admixtures of petrol was noted in the regions of busy
lines of communication (Golwer, Schneider 1973).

In the discussed region, besides the zinc plant, a serious source of
microelements penetrating to the surface waters are the “Czarna Huta” works.
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In the sediments of this part of the river the content of other microelements
is variable but in the main similar to the concentration of these elements
recorded in the sector above the mouth of the Stola.

In the further course of the Mala Panew, down to the locality Ozimek,
the content of microelements, with the exception of copper, molibdenium,
and barium, decreases in the sediments. In this river sector the content of
individual elements decreases in the sediments in various degrees, the greatest
reduction being observed in the content of strontium, barium, lead, and
manganese, and the smallest in the content of zinc. The almost unchangeable
level of the copper content, and even its slight increase in the summer period,
probably results from the inflow of a certain amount of mineral pollution
to the Mata Panew in the region of the locality Zawadzkie. It seems that
the reduction in the strontium content to an almost normal level in the
sediments of this river is connected with the selective water purification by
the flowering plants overgrowing the riverbed, since many plants of that
type assimilate strontium more strongly than calcium (Gaudet 1973).

In the sediments of the water reservoir at Turawa the accumulation of
all microelements is much greater than in the river. Particularly great amounts
of copper, lead, manganese, barium, zinc, and cadmium accumulate in the
sediments of this river. This phenomenon supports the observation, mentioned
in discussing water properties, that the reservoir at Turawa is a factor
faciliating the self-purification of the River Mata Panew from heavy metals
and other unfavourable components. It is worth noting with regard to the
cadmium content in the sediments of the reservoir at Turawa that in the
sediments under clean waters its concentration does not very often exceed
even 1 ppm (Bowen 1966, Mathis, Cummings 1973).

In spite of this intensified self-purification of the water in the Turawa
reservoir, below the dam the sediments of the River Mata Panew contain
still higher amounts of zinc, copper, and lead than the sandy sediments of
the clean stream (Pasternak 1973). This fact additionally supports the
opinion that up to the end of the river course no complete purification from
the surplus of heavy metals which penetrate to the Mata Panew with industrial
wastes occurs in this river.

Recapitulation and conclusions

The obtained results suggest that the state of purity of the surface waters
in the neighbourhood of zinc and lead mining and smelting industries
is affected not only by fluid wastes but also by the pollution of the air already
in the initial period of industrial activity. The influence of dusts emitted
by the zinc and lead plant at Miasteczko Slaskie is noted only in those aquatic
environments which lie on its eastern side, i.e. in the line of the prevailing
4 — Acta Hydrobiologica 16/3
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The dust fallout from these works effects a very high increase in the content
of barium and cadmium in the environment of neighbouring waters.

The pollution of the zinc plant, released in the form of wastes to streams
and then to the River Mata Panew, increases the content of Zn, Pb, and Cd
in their waters to a very high level. In the first receiver of these wastes — the
Czarna Woda stream — the average content of zinc and cadmium in the
water is over four times higher than in the water of a similar canal draining
the waste waters, neutralized from the sulphuric acid, from a plant of another
centre of the zinc industry (Bolestaw, fig. 2).
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Fig. 2. Comparison of the level of Zn, Pb, and Cd content in the water of direct waste receivers
(canals) and of the main river in the vicinity of the zinc and lead works ,,Miasteczko Slaskie” and
»Bolestaw” (,,Bol.” — according to Pasternak 1973a)

In the case of sediments quite reverse proportions of Zn and Pb content
occur between these two centres.

The content of Zn and Pb in the sediments of the Czarna Woda stream
(canal) is six times lower than in the sediments of the canal draining
waste waters from the “Bolestaw” metallurgical works (fig. 3). It indicates
that a too high concentration of Zn, Pb and Cd in the direct receivers of zinc
and lead smelting works inhibits the self-purification processes of the water.
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The data in figs 2 and 3 also distinctly indicate a difference in the range
of influence of metallurgical waste waters on the level of Zn, Pb, and Cd
concentration in the water of the main rivers draining the regions where the
two compared industrial centres are situated. The degree of the negative effect
of the waste waters on the main river is decidedly lower in the case of the
“Bolestaw” works.
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Ryc. 3. Poréwnanie ilosciowego poziomu Zn i Pb w osadach dennych bezposrednich odbiornikéw
$ciekéw (kanatdéw) oraz gtéwnej rzeki w otoczeniu hut cynku i otowiu ,,Miasteczko Slaskie” (M. $1.)
oraz ,,Bolestaw” (Bol. — wg Pasternaka 1973b)

Fig. 3. Comparison of the quantitative level of Zn and Pb in the bottom sediments of the direct
waste receivers (canals) and of the main river in the vicinity of the zinc and lead works ,,Miasteczko
Slaskie” (M. S1.) and ,,Bolestaw” (,,Bol.” — according to Pasternak 1973b)

The contamination of the environment of head waters with heavy metals
contained in the wastes is not of a local character as is the case with the land
environment. Heavy metals which penetrate to waters flowing along various
routes migrate over considerable distances, decreasing, with greater
concentrations, the level of water purity. The length of the migration sector
depends not only on the load of metals released to the river but also on the
chemical properties of the water and hydrological regime of the given river.
In the case of the investigated system of head waters the degree of
the distribution of heavy metals from various pollution is very high. Among
others, the high content of dissolved organic compounds in the water of this
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river contributes to the lengthening of the sector of migration of heavy metals
in the River Mala Panew.

In consequence of the prevalence of soluble organic compounds in the
water and of the high rate of its flow (it flows down an upland) the content
of organic matter in the sediments of the River Mala Panew does not show
a positive correlation with the amount of organic matter fed with the wastes
or with the space distribution of the sources of these wastes.

Besides the great content of organic substances, the exceptionally high
cadmium content, rarely found in any other strongly polluted water, above
all decreases the class of purity and the utility value of the water of the Stota
stream and the River Mata Panew on the sector from the mouth of the Stota
to the Turawa reservoir (50 kilometres). In the last years this element, if
appearing in higher concentration in the environment, is classified beside
mercury and lead in the group of poisons most dangerous for life, bringing
about irreversible changes, especially in mammals (Tucker 1972, Mathis,
Cummings 1973), since, similarly as lead, it cumulates in living tissue and
has longlasting toxic effects. In connection with its ability of cumulating in
the walls of the blood vessels, in the kidney and liver of mammals, it is regarded
as the main factor of the increasing number of people suffering from high
blood pressure. In 1972 a Working Group of the World Health Organization
undertook research on the problem of the noxiousness of heavy metals for
human health. The following limits of concentrations in drinking water were
established for the metals: cadmium 0-005 mg Cd/1, lead 0-05mg Ph/I,
mercury 0:001 mg Hg/l, manganese 0-1—0-5 mg Mn/l (Collective work
1973).

A practical conclusion may be drawn from the above findings: that because
of the very high concentration of cadmium (exceeding the above-mentioned
limits) and of zinc, with the coincident high content of lead and copper, and
also because of the successive decrease in its hardness and the presence of
high amounts of iron and manganese, the water of this 50-kilometre long
sector of the River Mata Panew cannot be used for drinking without the
introduction of efficient measures removing heavy metals into the classic
technology of its treatment.

The content of microelements in the tap waters of the dam reservoir at
Koztowa Gora is not as yet a factor decreasing its class of purity. Nevertheless,
the effect of dusts emitted by the two industrial establishments discussed
above on this reservoir may be already regarded as a strong factor
eutrophicating its environment.

In the bottom sediments of the investigated water bodies more microelements
are accumulated in the summer than in the winter period.

In the case of the coincidence of various sources of pollution in
the environment of head waters a precise determination of the occurrence of
heavy metals in them must be based on the simultaneous determination of
these metals in the water and in the sediments.
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STRESZCZENIE

W publikacji przedstawiono wyniki badan nad wplywem roéznych zanieczyszczer huty cynku
i olowiu w Miasteczku Slaskim na poziom stezenia, akumulacje i rozprzestrzenianie metali cigzkich
w $rodowisku wod powierzchniowych. Badania te obejmowaty zbiorniki wodne i cieki usytuowane
na obszarach otoczenia huty, ktére pozostaja wylacznie pod wplywem zanieczyszczenia powietrza
oraz ciekéw lub ich odcinkéw otrzymujacych zrzuty $ciekéw, z cala gtdéwna rzeka Mala Panwia
wiacznie i zbudowanym na niej zbiornikiem ,, Turawa” (ryc. 1). Mikroelementy w wodzie oznaczano
za pomocg atomowego spektrofotometru absorpcyjnego, a w osadach dennych spektrofotometru
emisyjnego. Zbadano takze podstawowe wilasciwoséci fizykochemiczne wod (tabela 1) i osadow
(tabela III) oraz scharakteryzowano zlewnig.

Wystepowanie metali cigzkich w wodach i osadach rozpatrzono na tle ich podstawowych
wlasciwodci oraz ogoélnej sytuacji zanieczyszczeniowej okolicy. Miedzy innymi stwierdzono, Ze na
stan czysto$ci wod powierzchniowych w otoczeniu hut cynku i otowiu juz w pierwszym okresie
dziatalno$ci takich zakltadéw wptywa nie tylko zrzut Sciekbw, lecz takze zanieczyszczenie powietrza.
Wplyw pyléw emitowanych przez przedmiotowa hute zaznaczyl si¢ w ilo§ciowym skladzie mikro-
elementoéw tylko w tych $rodowiskach wodnych, ktére usytuowane sa od wschodniej jej strony, tj.
na kierunku najczgsciej wiejacych wiatréw zachodnich. Ogoélnie biorac jest on na razie niewielki
i znacznie mniejszy, niz mozna by wnosi¢ z catkowitej emisji pyléw przez hute i zawartosci w nich
cynku i olowiu. Fakt ten znajduje przyczynowy zwiazek z wieloma czynnikami dziatajacymi w oto-
czeniu hut, ktére w opracowaniu oméwiono. Imisja pytléw odzwierciedla si¢ gtéwnie w ilo§ciowym
skladzie mikroelementéw w osadach (tabela III).

W badanym terenie oprécz huty cynku i olowiu powaznym emitorem mikroelementéw dosta-
Jjacych si¢ do wod powierzchniowych sa zaktady ,,Czarna Huta”. Opad pyléw emitowanych przez
te zaklady powoduje przede wszystkim duzy wzrost w $rodowisku okolicznych wod (zbiornik
Chechlo) ilosci baru i kadmu.

Zanieczyszczenia huty zrzucane w postaci odpadowych wod do potokdw, a w dalszej kolejnosci
do rzeki Matej Panwi podnosza w wodzie tych cickéw zawarto$¢ Zn, Pb i Cd na bardzo wysoki po-
ziom (tabela IT). W pierwszym odbiorniku tych $ciekéw, zwanym Graniczna Woda, $rednia zawar-
tos¢ w wodzie cynku i kadmu jest ponad czterokrotnie wyzsza niz w wodzie analogicznego kanatu
odprowadzajacego zobojetnione z kwasu siarkowego wody odpadowe z huty innego o$rodka prze-
mystu cynkowego (Bolestaw — ryc. 2). Odwrotnie natomiast przedstawiaja si¢ proporcje zawartosci
Zn i Pb pomiedzy tymi dwoma o$rodkami w przypadku osadéw (ryc. 3). Wynika z tego, ze zbyt
duze stezenia Zn, Pb i Cd w wodzie ciekbw hamujg ich samooczyszczanie. Z rycin 2 i 3 widac takze,
ze stopien negatywnego oddzialywania odpadowych wod hutniczych na gtéwny ich odbiornik jest
zdecydowanie mniejszy w przypadku huty Bolestaw.

W odréznieniu od $rodowiska ladowego zanieczyszczenie wod plynacych metalami cigzkimi
rozproszonymi z tego rodzaju hut nie jest zjawiskiem lokalnym. Metale cigzkie dostajace si¢ do
rzeki migruja z woda na znaczne odlegltosci i obnizaja jej klasg czystosci w obrebie duzych obszaréw.
Stopien rozprzestrzenienia si¢ metali w rzece zalezy nie tylko od tadunku mineralnych zanieczy-
szczen do niej zrzucanych, lecz takze od wlasciwosci chemicznych jej wody i charakteru koryta.
Stosunkowo daleka migracja niektérych metali cigzkich w rzece Malej Panwi wiaze si¢ migdzy
innymi takze z duza zawartoscia w wodzie tej rzeki rozpuszczonych zwiazkéw organicznych, ktore
moga tworzy¢ z tymi metalami diuzej utrzymujace si¢ w wodzie zwiazki kompleksowe.

Zawarto$¢ materii organicznej w osadach rzeki Malej Panwi ze wzgledu na przewage w wodzie
rozpuszczalnych zwiazkébw organicznych i znaczna jej predkos$é przeptywu nie wykazuje korelacji
z iloscig materii organicznej doprowadzonej ze $ciekami ani tez przestrzennym rozmieszczeniem
zrodel tych $ciekow.

Klas¢ czystosci wody potoku Stola i rzeki Matej Panwi na odcinku od ujécia tego potoku do
zbiornika Turawa (50 km) obniza, oprocz duzej ilosci substancji organicznych, przede wszystkim
wyjatkowo wysoka i rzadko stwierdzana w innych silnie zanieczyszczonych wodach zawarto$¢ kadmu.
Woda tych cickéw nie powinna wigc by¢ wykorzystywana do picia, jesli w klasyczna technologig
jej uzdatniania nie zostana wprowadzone zabiegi skutecznie usuwajace metale cigzkie. Ostatnio,
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obok rteci i otowiu wigksze stezenia kadmu w Srodowisku sa uwazane za grozna trucizng dla wielu
organizmoOw, zwlaszcza dla ssakéw. Elementem sprzyjajacym oczyszczaniu si¢ wody rzecznej z metalli
cigzkich jest obecno$é na rzece zbiornika zaporowego. Doplyw zanieczyszczeniowych mikroelemen-
téow do wodociagowego zbiornika w Koztowej Gorze miesci si¢ na razie jeszcze w zakresie takich
wartosci, ktore uwaza si¢ jedynie za czynnik eutrofizujacy Srodowisko. W osadach dna badanych
$rodowisk wodnych wigcej mikrosktadnikéw akumuluje si¢ w okresie letnim niz zimowym.
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