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Abstract — Investigations were carried out on the physico-chemical properties of
sediments of the Subsudetic dam reservoir, from the point of view of their relation to
the kind and actual degree of pollution of the river water (wastes of the cellulose-
paper and sugar industries), on the background of some earlier data. It was found
that the material accumulating in the reservoir consists almost esclusively of suspended
matter. As a result of the inflow of polluted water for many years, the sediments
of the Otmuchéw reservoir contain several times more organic matter and mineral
phosphorus than those of the other Polish dam reservoirs with pure water. The
organic matter of the investigated sediments is characterized by a certain specific
composition. Apart from a considerable mass of cellulose fibres resistant to decompo-
sition, it contains an unusually high percentage of free fulvic and humic acids,
undergoing relatively easy dissolution in wter and mineralization. The less complex
fulvic compounds prevail. In some zones of the reservoir hydrogen sulphide and
phenols were detected in the sediments. Moreover, the sediments are characterized
by a very high content of bitumens, a relatively low content of calcium and sulphates,
an acid reaction, and an increased iron content. The paper concludes with
consideration on the detrimental effect of this kind of sediment and of the water
of the river on the environment and biocenosis of the reservoir.

The quality of sediments in polluted reservoirs depends not only on the
intensity of the accumulation of the material eroded from the catchment
basin (chiefly mineral suspended matter) and on the amount of the produced
autochthonic organic matter, but also on the initial chemical composition,
kind, and degree of pollution of the water of the in flowing river. Thus,
from the properties of sediments of such reservoirs some conclusions can
be drawn on the degree of pollution of the river and on its effect on the
environment.
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The aim of the present work was to determine the physico-chemical
properties of sediments of the Otmuchoéw reservoir from the point of view
of their relation to the actual pollution of the water of the river Nysa
Ktodzka, on the background of some earlier data from the year 1958 (Wro-
bel 1959).

Methods of investigation

Bottom sediments were collected from the reservoir during a period
of its total inundation (2—3VII1.1968), with the aid of a tubular probe.
The sampling points, marked in fig. 1, were distributed on the area of the
reservoir similarly as during the investigations carried out in 1958. To
obtain a better representativeness of the sample, the sediments were
collected several times at each sampling point within a radius of about
20 m. One mean sample of sediments was also taken from the bottom of
the river Nysa Kiodzka above the reservoir. The river sediments were
collected chiefly in calm water zones, where the sedimentation of suspended
matter is greatest.

The grain composition of the sediments was determined with the
Casagrande-Proészyniski method, the general content of organic
carbon with the Alten method, and in humic fractions with the
Tiurin method, the total nitrogen according to Kiejdahl the
reaction electrometrically, freely soluble phosphorus with the Wondrau-
szowa method, and the content of chemical macrocomponents soluble
in 20 per cent HC1 according to the generally accepted principles of the
analysis of silicates.

Besides, the sediments were examined for the hydrogen sulphide
content.

Morphometry of the reservoir, character of the catchment basin
and of the river's water

The Otmuchéw reservoir was constructed in 1933 by closing with an
earth dam the wide, even valley of the river Nysa Ktodzka on the foreland

of the Sudeten range. It has a regular shape (fig. 1) and an area of 2040 ha.
at a normal rise in the water level. Initially its maximum capacity

amounted to 143 min m3 and its depth to 15 m. At the present time the
average depth of the upper half of the reservoir ranges from 2 to 5 m.
In the shallowest places of this part clumps of shrubs and trees, as well
as rushes grow. The bottom has a gradient of about 4%.. The reservoir
serves energetistic and flood control purposes and also to level the water
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table in the navigable Oder (of all tributaries of the Oder Nysa Klodzka
has the greatest coefficient of irregularity of outflow, amounting to 38).

The catchment basin of the Nysa Kilodzka in the profile of the dam
covers an area of 2348 km2 The intermontane Kiodzko Basin (Kotlina

Ktodzka) and terrains of the mountain foreland constitute the essential
part of its area. The mountains surrounding the Basin (alt. 700—1313 m)

Ryc. 1. Plan zbiornika zaporowego w Otmuchowie
Fig. 1. Plan of the dam reservoir at Otmuchow.

form only small source areas of the river's catchment basin and tributaries.
All the greater elevations and rocky slopes are generally densely forested.
The Sudeten area of the catchment basin up to Bardo Slaskie is built for
the most part of loam (light, medium, heavy) and fine sands with an
admixture of skeletal soils, formed in the summit mountain sections and
partly in the vicinity of Klodzko on crystalline rocks (gneiss, various
crystalline schists, syenites, diorites, and others), and on the other terrains
on sedimentary rocks (sandstones, greywacke, marls, shales, and post-
-glacial and deluvial deposits). The share of rocks rich in calcium is
relatively small in this area. In the poorly undulated part of the basin
lying in the mountain foreland less eroded sandy soils prevail. Owing to
the kind of substratum and good biological development of the steeper
slopes, the average intensity of erosion is slightly weaker than in the
basins of the majority of Carpathian rivers. Reniger (1958) estimated
it according to the nine-grade scale at 7.2 in the mountain area and in
the Klodzko Basin, and 4.0 in the Foreland. According to WisniewskKi
(1963), the index of denudation of the catchment basin of the reservoir
amounts to 0,125 mm.

The water of the river Nysa Klodzka (its mean annual discharge before
the reservoir amounts to17.8 m3) is in a high degree charged with sewage,
chiefly organic, of the cellulose and paper industry, and seasonally with
sugar factory wastes. In consequence, it has a weak-acid reaction (pH
6.6—7.0), a strong colouring, oxygen consumption (frequently = 30 mg O2/1),
and biochemical oxygen demand, much mineral nitrogen (0.5—1.0 mg/l
ammonia), and a markedly increased dryresidue (volatile matter), amount
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of potassium, iron (0.3—0.6 mg Fe/l), chlorides, and phosphates. Moderate
quantities of calcium and magnesium occur in it (the total hardness ranges
from 7.0 to 8.0°g), as well as sulphates. In the rapidy flowing water of
the river (ca. 0.5 m/sec) no marked oxygen deficiency was noted during
the past years. The water becomes much more purified in the reservoir
as it approaches the dam. Its oxygen consumption ranges from 190 to
240 mg OY/1. (Stangenberg 1964, Kotaczkowski and Prais
1965, Laboratory of the People’s Provincial Council at Opole 1967).

Discussion of results

To establish the range of the zone of the most intense deposition in
the reservoir of the material transported by the river the grain composition
of the sediments was determined (Table I). As can be seen from the data
obtained, the material accumulating in the reservoir consists exclusively

Tabela 1. Skitad granulometryczny osadéw dna zbiornika zaporowego w Otmuchowie w %

Table 1. Grain composition of bottom sediments in the Otmuchéw dam Reservoir in %
Nr Giebokos¢ Srednica czastek w mm Suma
réby w cm Particle diameter in mm Total
Elo of Depth
sample in cm 1-0.1 0.1-0.05 0.05-0.02 0.02-0.006 0.006-0.002 <0.002 <0.02
6 0-15 12 13 28 24 10 13 47
7 0-15 9 12 35 20 10 14 44
8 0-15 13 12 25 23 13 14 50
9 0-15 20 15 23 18 12 12 42
12 0-15 7 3 15 36 23 16 75
15 0-15 7 3 23 30 19 18 67

of suspended matter. In the upper and middle part of the reservoir it is
composed of silt and in the deepest zone near the dam of heavy loam.
The considerable sedimentation of coarser particles (1.0—0.02 mm.) of the
suspension in the water, above all that of cellulose fibres, has in the
investigated reservoir an exceptionally distant reach, since it still occurs
in its whole middle part. This, besides the hydrological conditions of the
reservoir (distant influence of the river, displacement of water masses,
when the generating plant is in action, symmetrical basin of the reservoir),
is probably also related to the quantitative predominance of the lighter
sewage organic suspension brought in with the river water. The
introduction to the reservoir of a large amount of sewage suspension
(as well as of mineral wastes from the sugar factory) explains why the
degree of silting up of this reservoir is much higher than would result
from the natural conditions of the catchment basin. According to Wi-
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sSniewvski (1963), the cubic capacity of the reservoir decreased from
the time of its construction to July 1961 by 85 min m3

In contradistinction to those of other Polish dam reservoirs, the
investigated sediments have an acid reaction (Table Il). This is probably
chiefly related to the inflow into the reservoir of large quantities of organic
matter of acid character.

Tabela 11. Zawarto$¢ organicznego wegla, catkowitego azotu, substancji organicznej, tatwo
rozpuszczalnego fosforu i odczyn osadéw dna zbiornika zaporowego w Otmuchowie

Table 11. Content of organic carbon, total nitrogen, organic substances, freely soluble
phosphorus and reaction of bottom sediments in the Otmuchéw dam Reservoir

Glebokosé pH c N c N Substancja

Nr préby w cm organiczna p205
Yoo semdle QR wmor R Slnce S Seumens
5 0-2 5-9 1.76 0.11 16.00 3.03 15.5
6 0-15 5.4 5.94 0.30 19.80 10.24 18.5
7 0-15 6.0 6.18 0.47 13.15 10.66 20.0
8 0-15 5.5 7.56 0.30 25.20 13.03 19.0
9 0-15 5-5 4.59 0.22 20.86 7.92 19.5
12 0-15 5.1 5.50 0.31 18.00 9.62 19.0
15 0-15 5.5 3.69 0.27 13.67 6.36 19.5

Sandy bottom sediments of the river Nysa Ktodzka collected above the
reservoir contain little organic matter and nitrogen (Table I1). Consequently,
only a very small part of the organic suspension carried by the rapidly
flowing water of the river is deposited on its bottom. Its basic mass flows
with the river water into the reservoir, where, before being covered with
younger sediments, it becomes partly altered and mineralized.

In spite of the high water levels in the river occuring unusually
frequently in the past years with which a considerable inflow into the
reservoir of mineral suspended matter eroded from the basin is related,
the content of organic matter in sediments of the upper half of the Otmu-
chéw reservoir already exceeds in some zones 10 per cent of the air-dry
mass of sediments (Table II). The greatest amount of organic matter was
noted in sediments of the middle part of the reservoir and the smallest
in the region of the dam. As can be seen in fig. 2, the mean content of
organic carbon in the whole Otmuchéw reservoir is almost four times
higher than in the pure submontane dam reservoir at Roznéw on the
Dunajec (Reniger 1955, Wrdébel 1965), and is three times higher
than the content of these substances in the little polluted reservoir of this
type at Porgbka on the river Sota during the period preceding the
inundation of the higher lying reservoir at Tresna (Pasternak 1969).
Such an intense accumulation of organic matter in the sediments of the
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investigated reservoir, with a montane and submontane catchment basin,
from which as from every dam reservoir part of the organic matter
suspended in the water flows out, is possible only oving to a considerable
charging of the river water with sewage. This accumulation is in great
measure due to the previously mentioned industrial organic pollution of

Ryc. 2. Srednie zawartoéci fatwo rozpuszczalnego fosforu (wg danych autora), orga-

nicznego wegla oraz $redni stosunek C:N w osadach dna zbiornikéw zaporowych:

w Roznowie (czysta woda); Porgbce (stabo zanieczyszczona woda — przed zalaniem
zbiornika w Tresnej); i Otmuchowie (woda zanieczyszczona).

Fig. 2 Mean content of freely soluble phosphorus (according to the author's data)

and of organic carbon, and mean C :N ratio in sediments of the bottom of dam

reservoirs at: Roznéw (pure water) Porgbka slightly polluted water — before
the inundation of the reservoir at Tresna; and Otmuchoéw (polluted water).

the river by the little decomposed and poor in nitrogen cellulose and lignin
compounds. This results from a very wide C:N ratio, characteristic of the
organic matter of sediments of the upper half of the reservoir (Table II).
The organic matter of other dam reservoirs, composed for the most part
of autochthonic organic substances, shows a much narrower C:N ratio,
lying within an interval of 9.0—12.0 (fig. 2).

After comparing the mean content of organic carbon in sediments of
the Otmuchow reservoir, noted in the present investigations, with data
established ten years ago (Wrobel 1959), it appears that the amount of
organic matter deposited in its bottom has only slightly increased (fig. 3).
As can be seen in fig. 4, this increase is distinctly marked only in the
middle region of the reservoir. In its upper part the accumulation of organic
matter is even slightly smaller than in 1958 This may be due to an
unusually large inflow of mineral suspended matter into this zone during
the frequent rises of the river in 1968, or more probably, to a certain
decrease during the recent period in the charging of the Nysa Klodzka
water with organic pollution.
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Ryc. 3. Srednie zawartoéci wegla organicznego i $rednie wartosci C: N w osadach
zbiornika w Otmuchowie z 1958 i 1968 r.

Fig. 3. Mean content of organic carbon and mean C :N values in sediments of the
Otmuchoéw reservoir in the years 1958 and 1968.

Apart from a large amount of cellulose-lignin fibres resistant to
decomposition and of organo-mineral compounds, a relatively high
percentage of matter of the examined sediments is composed of humic
compounds unbound with mineral ions and clayey matter (Table IIl). The
percentage content of these free compounds (humic and fulvic acids) in
the sediments of the Otmuchdw reservoir was calculated in relation to
the total carbon amount determined (with the Tiurin method) in
samples unsifted through a 025 mm sieve. The results of analyses show

Ryc. 4. Poréwnanie ilosci wegla organicznego w osadach zbiornika otmuchowskiego
z 1958 i 1968 r. w poszczegblnych punktach ich poboru (w podiuznym profilu
zbiornika).

Fig. 4. Comparison of the content of organic carbon in sediments of the Otmuchéw
reservoir from the years 1958 and 1968 at the particular sampling points (in the
longitudinal profile of the reservoir).
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Tabela 111. Zawartos¢ w osadach dennych zbiornikéw zaporowych kwaséw huminowycb i fulwowych niezwigzanych
z mineralnymi zwiazkami lub tworzacymi z nimi sole rozouszczalne w roztworze zasadowym (0.1 n NaOH)
Table 11l. Content of humic and fulvic acids in bottom sediments of dam reservoirs, unbounded with mineral
compounds or forming with them salts soluble in alkaline solution (0.1 n NaOH)

przez sito 0 oczkach 0.25 nm
through a 0.25 mm sieve

N Ogélna zawartos¢ (4 C- Bitminy Kwaséw huminowch (- Kwaséw fulwowych
Zbiornik r Total content Bitumons ¢ of humic acids of fulvic acids
proby % %
- No of przesiany nieprzesiangawartos¢ C w . .
Reservoir  sample sifted Unsitted g/loo g osadu Wgolnego  ©05adu C 8?:&[}&90 osadu . gg;cliﬂego
osi content of C (- osadu sedi- total sedi- total
seditgen égd?rﬁ-eonotsg ;g(t:lai‘rlnents ments sediments ~ MeNts sediments
Otmuchéw 8 5.61 6.30 0.457 7.3 0.143 2.27 0.182 2.89
15 3.60 3.67 0.492 13.4 0.128 3.49 0.158 4.31
Porabka 1 1.99 - 0.048 2.4 0.044 2.21 0.065 3.26*
4 1.95 _ 0.045 2.3 0.041 2.10 0.073 3.74

(Table 1II) that in the case of this type of sediment the sieve acts selectively,
separating together with the coarser fraction an unproportionally larger
amount of cellulose fibres. The content of free humic and fulvic acids
undergoing relatively more readily a further decomposition in the surface
layer of the bottom, or dissolution in water, is twice or three times higher
than in the sediments of the only insignificantly polluted reservoir at
Porgbka. In the sediments of the two compared reservoirs, in this fraction
of humic compounds, the more readily dissolving in water (also in the
form of salts) and more acidic fulvic acids definitely prevail over humic
acids. The predominance of these relatively low-molecular, mobile
compounds in the fraction of free humic compounds of sediments is
presumably related to the rather unfavourable conditions in this kind of
water reservoir (continuous outwashing of the simpler compounds,
deficiency of oxygen) for the formation and accumulation of humic acids
and of their salts, representing more complex humic compounds. Moreover,
it seems that this is also due in some measure to the share of fungi in
the process of decomposition of cellulose remains and of other organic
substances in the environment of the reservoir. Fungi (Mucor, Fusarium,
Penicillum) can develop intensively above all in reservoirs rich in sewage
organic matter, this taking place in the winter season, when owing to the
fall of temperature the destructive action of bacteria (development of green
plants) grows wekaer and there appear products of an incomplete
decomposition of organic matter (amino acids, carbohydrates, and simpler
humic compounds), constituting a good medium for them (Mossewitsch

and Gussew 1958, Liebmann 1962). As compared with the
sediments of the relatively pure reservoir at Porgbka, the investigated
sediments are also much richer in the so-called bitumens (resins, tars, fats).
A particularly large amount of bituminous substances is found in the
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sediments of the deepest zone of the Otmuchow reservoir (‘Table IlI,
sample 15). The quantitative analysis showed that the sediments of this
reservoir also contain phenol compounds.

In the chemical composition of sediments of the investigated reservoir
the large amount of phosphorus is striking (Table IV). It is also striking
that, in contradistinction to other reservoirs, a considerable part of this
phosphorus (fig. 2) occurs in its sediments in the form of freely soluble

Tabela IV. Skiad chemiczny rozpuszczalnej w 20 % HCl czesci osadéw
zbiornika zaporowego w Otmuchowie (powietrznie suchych)
w % wag.

Table IV. Chemial compodtion of part of bottom sediments in the
Otmuchéw dam Reservoir, soluble in 20% HCl1 (air-dry
sediments) in % by weight

Nr préby
No of sample 6 7 8 15

Si02 0.59 0.62 0.53 0.61
Tio2 Sl S1. S1. S1.
P205 0.25 0.45 0.20 0.10
AI205 5.48 5.90 5.45 6.93
Fe203 4.40 4.60 4.15 4.80
MnO 0.06 0.10 0.05 0.06
CaO 0.80 1.18 0.82 0.88
MgO 1.23 1.03 1.13 1.20
K20 1.01 0.87 0.86 0.99
Na20 0.37 0.36 0.38 0.36
SO3 0.33 0.43 0.41 0.34

Suma czesci rozpuszcz. w

Torl ‘of parts Soluble in 1452 1554 1396  16.27

H20  (105°C) 2.82 3.62 2.75 3.21

Strata zarowa

Loss in ignition 11.44 13.40 13.25 9.32

Suma czeécl nierozpuszcz. w

Total o? parts insoluble in HCl 71.29 67.46 70.15 71.55

Suma
Total 100.07 100.02 100.11 100.15

compounds, which can fairly easily pass into the water. The largest amount
of phosphorus soluble in 20 per cent HC1 (almost total) occurs in sediments
near the mouth of the river and of the millstream and the smallest in
the region of the dam (Table Il). This shows that a large part of the
phosphorus brought in with the river water remains in the reservoir. Since
with the polluted water of the river also a large amount of mineral
nitrogen and potassium flows into the reservoir, the trophic conditions of
the latter increase successively (production of autochthonic organic matter)
with the passage of time. This increase, after having reached a certain
level, can lead, under unfavourable climatic conditions, to detrimental
consequences for the life of fish in the reservoir both during the winter
and summer. A particularly large charge of biogenic components (N, P, K)
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is brought into the reservoir (seasonally) with the waste waters of the
sugar factory (Kotaczkowski, Bierwagen 1960). According to
Lewkowicz’s (1969) unpublished materials, the content of potassium
in the already partly purified sugar factory wastes may amount to 83.0 mg
K/l. Apart from phosphorus, the content of other mineral chemical
components in the sediments (dissolved in 20 per cent HC1) does not in
principle much exceed the average (Table 1V). As compared with those
of other reservoirs, the investigated sediments (also after the combustion
of organic matter) are characterized by a small quantity of calcium,
a relatively large amount of iron, and a slightly greater quantity of
magnesium and potassium than would appear from their content of clayey
matter. On account of the quality of the water pollution, the none too
high content of sulphates in their chemical composition is striking. This
is probably due to the fact that the non-neutralized sulphuric acid (Ganr-
czarczyk 1955) present in wastes of the cellulose industry (sulphite
method) reaches the reservoir only in very small quantities (also attached
to lignin). One may also presume that it is due to the occurrence in the
upper layer of sediments and in the water in contact with it of a seasonal
reduction zone, which does not favour the accumulation of sulphates in
the bottom (biochemical reduction to hydrogen sulphide), as was established
by Nriagu (1968) in his investigations carried out in lakes, and by the
present author in polluted ponds (Pasternak 1966 and unpublished
materials). The lowering of the level of sulphates in the bottom zone of
water of polluted lakes was also noted, among others, by JanuszKie-
wicz and Jakubowska (1965). A certain amount of hydrogen
sulphide was found only at point 15 Sediments from this station also
contained a considerable of dead fish.

Conclusions

As a result of the many years' inflow into the Otmuchéw reservoir
of a considerable charge of organic pollution and biogenic components
brought in with the river water, its bottom sediments contain at present
a very large amount of organic matter, exceeding 10 per cent in its upper
half. The organic matter occurring in sediments of this type of reservoirs
is composed of a very large amount of cellulose-lignin and organo-mineral
compounds fairly resistant to decomposition, as well as of free fulvic and
humic acids relatively easily undergoing mineralization and dissolution in
water, their content several times exceeding that of sediments of
comparatively pure reservoirs. This is probably related to the fact that
the deposition of the sewage suspension is accompanied not only by the
increased primary production of the reservoir water in consequence of
its high content of trophic mineral components (of sewage origin), but
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also by the large production of organic matter in the heterotrophic chain
(fungi, bacteria) on a substratum of detritus present in this suspensions
occurring seasonally in such an environment. Thus, it is worth noting
that in the case of reservoirs with this or a similar kind of pollution the
knowledge of the intensity of photosynthesis does not sufficiently reflect
its total basic production. The investigated sediments are also characterized
by an exceptionally high content of bituminous compounds, especially in
the deepest part of the reservoir.

Although the quality of sediments of the upper zone of the reservoir
shows a certain amelioration of the quality of the river water, this high
content of organic matter in its bottom, as well as a still considerable
in one the water, may cause during a period of unfavourable climatic
conditions (ice cover) a deficiency of oxygen and a secondary pollution
with products of anaerobic decomposition of these substances (H2S and
others). On account of its high content of readily dissolving and
decomposing components, the organic substance of the investigated
sediments may act disadvantageously on the oxygen content not only in
the water near the bottom but also in its larger mass. For the content
of dissolved and colloidal humic compounds in surface waters on substrata
rich in organic matter can be very high (Skopincev, Krytova 1955,
Ryhanen 1964). The occurrence of some oxygen deficiencies in the
bottom layer of water of the deepest part of the reservoir is evidenced
by the unusually high content of bitumens and the presence of hydrogen
sulphide in sediments from this region. The organic matter of sugar factory
wastes, occurring mostly in colloidal or dissolved form, can have
a particularly detrimental effect on the biocenosis of the reservoir. They
undergo mineralization much sooner than post-cellulose wastes; moreover,
they are brought into the reservoir during the autumn-winter season when
the process of self-purification of water grows weaker.

The inflow of a large charge of sewage suspension into the reservoir
also has a detrimental effect by increasing the degree of silting up and
reducing the time of its existence. The organic impurities present in the
water can also act detrimentally in an indirect way. Thus, the filamentous
bacteria (Sphaerotilus natans) and fungi developing in consequence of
their presence in the water of the reservoir, apart from increasing the
already large amount of organic mass in it, are deposited in masses on the
installed fishing gear (or other appliances and apparatuses), making it less
serviceable or damaging it. The intense deposition of the acid sewage
suspension on the bottom of the upper half of the reservoir is presumably
also the cause of the considerable quantitative and specific decrease in the
bottom macrofauna (noted there by Kyse la, 1968) constituting the basic
food of fish.

One cannot expect the environmental conditions of the reservoir to
improve entirely as soon as the considerable pollution of the river's water
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becomes prohibited (in connection with the planned intake of water for the
city of Wroclaw). The very large amount of various polluting substances
accumulated during the past years will act on its water for some time yet.
It may be possible to shorten this time if a temporary reduction of the
level of water in the reservoir can be brought about, in order to mineralize,
if only partly, the excess of organic matter deposited in the sediments in
its uncovered upper areas.

STRESZCZENIE

W pracy okreslono fizyko-chemiczne wilasciwosci osadéw zbiornika zaporowego
w Otmuchowie w aspekcie ich zwigzku z aktualnym zanieczyszczeniem wody rzeki
Nysy Klodzkiej (Scieki przemystu celulozowo-papierniczego i cukrowniczego), na tle
wczesniejszych danych z 1958 roku. Podano réwniez charakterystyke morfometrii
i zlewni zbiornika oraz skfadu chemicznego wody rzeki. Osady denne zostaty pobrane
ze zbiornika w okresie jego petnego zalewu w 1968 r. za pomocg sondy. Punkty ich
pobrania rozmieszczono podobnie jak w badaniach 1958 r. (ryc. 1)

Z uzyskanych danych wynika, ze w zbiorniku akumuluje sie przede wszystkim
materiat unoszony. W gérnej i Srodkowej czesci zbiornika ma on sktad utworu pyto-
wego, a w poblizu zapory gliny ciezkiej (tabela I). Sedymentacja grubszych czastek
organicznej zawiesiny ma w zbiorniku wyjgtkowo daleki zasieg. W rezultacie wie-
loletniego doptywu zanieczyszczonej wody, badane osady, w pordwnaniu z osadami
innych polskich zbiornikdw podgorskich zasilanych czystag lub prawie czysta woda,
zawierajg bardzo duzo materii organicznej o szerokim stosunku C:N oraz znaczng
ilos¢ fosforu w duzej czesci w postaci tatwo rozpuszczalnej (tabele 11 i Ill. ryc. 2, 3).
W goérnej potowie zbiornika ilos¢ materii organicznej wynosi juz wiecej niz 10%
powietrznie suchej masy osadow. Ogolnie biorgc, zaséb jej w osadach zbiornika
maleje w kierunku zapory (ryc. 4). W odniesieniu do danych z 1958 r. zawarto$¢
materii organicznej w osadach w strefie najblizszej doptywowi rzeki jest nieco
mniejsza. Wskazuje to miedzy innymi na pewng w ostatnich latach poprawe stanu
zanieczyszczenia wody rzeki. Substancja organiczna osadéw, poza duza masg odpor-
nych na rozktad i ubogich w azot wiokien celulozowych i zwigzkéw organo-minaral-
nych, sktada sie z kilkakrotnie wiekszej ilosci niz osad prawie czystego zbiornika
w Porgbce z wolnych kwaséw fulwowych i huminowych. ulegajagcych stosunkowo
tatwo rozpuszczaniu w wodzie i mineralizacji. Wérdd tych wolnych zwigzkéw humu-
sowych przewazaja nizej molekularne i bardziej rozpuszczalne kwasy i sole fulwowe
(tabela 11l). Ma to prawdopodobnie przyczynowy zwigzek z tym, ze osadzaniu sie
Sciekowej zawiesiny towarzyszy nie tylko wzmozona pierwotna produkcja wody
zbiornika, na skutek znacznego w niej zasobu troficznych skitadnikéw (N, P, K),
lecz takze wystepujgca w takim s$rodowisku, zwiaszcza w okresie zimowym, duza
dodatkowa produkcja tatwo rozktadajacej sie materii organicznej w heterotroficznym
tancuchu (bakterie Sciekowe, grzyby) na poditozu organicznego detrytusu, zawartego
w tej zawiesinie. Szczeg6lnie duzy fadunek biogenicznych sktadnikéw chemicznych
dostaje sie okresowo do zbiornika z wodami cukrowni. W niektorych strefach zbior-
nika w osadzie wystepuje siarkowodor i fenole. Poza tym badane osady wyrdzniajg
sie bardzo duza iloscig bitumin, stosunkowo matg wapnia, kwasnym odczvnem
i podwyzszong (bioragc pod uwage sktad granulometryczny) zawartoscig zelaza. W skia-
dzie chemicznym osadu, z uwagi na jako$¢ zanieczyszczen wody (obecno$¢ w Scie-
kach H2SO) zaskakuje niezbyt duza ilo$¢ siarczanéw. Wiaze sie to przypuszczalnie
gtéwnie z okresowym powstawaniem w osadach i w przydennej warstwie wody strefy
redukcyjnej.
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Jakkolwiek wiasciwosci osaddéw gornej czesci zbiornika wskazujg na pewng po-
prawe jakosci wody rzeki, przy tak duzym nagromadzeniu sie materii organicznej
w jego dnie (réwniez wolnych zwigzkéw humusowych) i ciagle jeszcze duzej jej
zawartosci w wodzie, w zbiorniku moga wystepowa¢ w okresach niekorzystnych
warunkéw klimatycznych (gruba pokrywa lodowa) znaczne niedobory tlenowe i wtoér-
ne zanieczyszczenia produktami anaerobowego rozkiadu tych substancji. Za wyste-
powaniem pewnych niedoboréw tlenowych w przydennej warstwie wody najgtebszej
warstwy zbiornika przemawia wyjatkowo duza zawarto$¢ w osadach bitumin i obec-
no$¢ siarkowodoru. Szczegélnie ujemny wpltyw na biocenoze zbiornika mogg m:eé
wystepujgce przewaznie w koloidalnej lub rozpuszczalnej postaci substancje orga-
niczne Sciekdw cukrowniczych, dostajgce sie do zbiornika w okresie jesienno-zimo-
wym, kiedy stabnie proces samooczyszczania. W efekcie doptywu do zbiornika duzej
iloSci Sciekowej zawiesiny stopiert jego zamulania jest znacznie wiekszy, niz wynika
to z naturalnych warunkéw przyrodniczych zlewni. Zjawisko to powoduje posrednio
takze inne ujemne reperkusje w zbiorniku. Mianowicie rozwijajace sie na podtozu
Sciekowych zwigzkéw organicznych bakterie nitkowate (Sphaerotilus) i grzyby, poza
zwiekszaniem masy organicznej w wodzie, osiadajg masowo na rozstawionych sie-
ciach rybackich (w innych przypadkach na urzgdzeniach i aparaturze), powodujac
ograniczenie ich przydatnosci lub niszczenie. Zasadniczej poprawy warunkéw $rodo-
wiskowych badanego zbiornika nie nalezy oczekiwa¢ juz z chwilg ograniczenia do
minimum zanieczyszczenia wody rzeki, gdyz nagromadzone w dnie rézne substancje
zanieczyszczeniowe beda oddziatywaly na jego wode jeszcze przez pewien czas.
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