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Abstract

This work presents the results of microbiological investigations carried out in the Polish
part of the Muskau Arch. In this abandoned lignite mining area highly acidified Fe-rich
waters have been formed as a result of sulphide oxidation. Microbiological tests have
shown that all studied groups of microorganisms exhibit both time and spatial variability.
The most common group of microorganisms are bacteria Galionella sp.
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1. INTRODUCTION

The Muskau Arch is a large glacitectonic belt formed mainly during the Saale
glaciation. This horseshoe-shaped structure is open to the north (Fig. 1) and
crosses the Polish-German border (from Brandenburg, via Saxony to the
Lubuskie Province in Poland). Intense glacitectonics disturbances lifted
Miocene lignite beds (as well as co-occurring sands and clays) towards the
Earth’s surface - making them much easier to exploitation carried out both by
underground and open pit methods.

The mining of these deposits was active till the end of the 70-ties of the 20th
century. Abandoned excavations have been recently filled with water, forming
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about 110 reservoirs in the so called Anthropogenic Lake District. Many of
these lakes, especially in the Leknica Region, are of the acidotrophic type,
characterized by low and very low pH values (usually below 4.0). This is an
effect of the oxidation of sulphide-containing lignite leading to the generation of
abundant quantities of sulphuric acid. Numerous ochreous precipitates occur in
this area, as a consequence of iron oxidation and hydrolysis in the presence of
microorganisms. The main objective of the study is the confirmation of the
presence of iron-oxidizing bacteria in the waters of Anthropogenic Lake
District, which would justify the role of their metabolism in the ferruginous
precipitates formation. The guantitative seasonal variability of their population
sizes, depending on changing ambient conditions as temperature, precipitation,
insolation etc., have also been estimated.
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Fig. 1. A sketch map of the Muskau Arch after [4] (modified);
red star - the research area
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2. MATERIALS AND METHODS

The fieldwork started in July 2009 and ended in September 2010. Water
samples from five localities (Fig. 2) were monthly collected and subjected to
both microbiological and chemical analyses.

Such parameters as temperature, electrolytic conductivity, redox potential and

pH of the waters were measured in situ. Then the samples were filtered using

0.22 um syringe filters and stabilized with HNOs. The cation concentrations

were estimated using ICP-MS (Ca, Mg, Mn, Al, As) and FES (Na, K). Total Fe

as well as selected anions (NO,, NOg, SO42') were measured by VIS
spectrometry and CI” by titration with AgNOs.

The results of the chemical analysis have already been published by the authors

[1-4].

Chosen groups of microorganisms were incubated on Petri dishes or in tubes

and then characterized qualitatively and quantitatively after a specific time of

incubation. The optimal incubation time and temperature were established as
follows:

— 24 hours and 37°C for mesophilic bacteria,

— 72 hours and about 23°C for psychrophilic bacteria,

— about 10 days and 28°C for Heterotrophic Ferruginous Bacteria,
Acidithiobacillus ferrooxidans, filamentous bacteria of the genera
Leptothrix sp., Gallionella sp. and fungi.

The growth media for these groups of microorganisms were as follows:

— psychro- and mesophilic bacteria: MPA medium [9],

— Heterotrophic Ferruginous Bacteria: medium based on Winogradski
receipt [7],

— A. ferrooxidans: 9K medium [8],

— Fungi: the Czapek-Dox medium [7],

— Leptothrix sp.: “Mulder - Van Veen” medium [9],

— Galionella sp.: “Lieske” medium [7].

3. RESULTS AND DISCUSION

The results show that the waters are rich in both auto- and heterotrophic
microorganisms (Fig. 4, 5, Phot. 1). Their effect on water chemistry is
immediate. It results from a change in their physical and chemical environment
of the basic parameters such as pH end Eh.

The results of pH-Eh measurements as well as concentration of iron justify the
presence of iron bacteria in the research area. These parameters are compatible
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with the physicochemical conditions [6] essential for the existence and growth
of so called iron bacteria (Fig. 3).
-

Fig. 2. The location of sampling points (names given by the authors). 1 - “Wyciek
zrodlowy” ; 2 - “Misa zrodlowa I7; 3 -“Misa zrodlowa I17; 4 - “Misa zrodtowa 11175
5 - “Rozlewisko”
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Fig. 3. A projection of pH and Eh values in the Anthropogenic Lake District waters.
black rectangle - the conditions favouring the existence of ferruginous bacteria [6]
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Fig. 4. An illustration of population sizes of microorganisms (measured as amounts of
bacteria cells in 1 mL of the water). A - psychrophilic bacteria; B - mesophilic bacteria;
C - fungi; D - Leptothrix sp.; E - Heterotrophic Ferruginous Bacteria; F - Gallionella
sp.; G - Acidithiobacillus ferrooxidans; 1-5 - sampling points; 1 - “Wyciek zrodtowy”;
2 - “Misa zrodtowa 17; 3 - “Misa zrodtowa I17; 4 - “Misa zrodtowa I117;

5 - “Rozlewisko”
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Fig. 5. Seasonal variations of the population sizes of selected groups of microorganisms
(the crosshatched area shows the ranges of the values observed in different sampling
points); a - psychrophilic bacteria; b - mesophilic bacteria; ¢ - fungi;

d - Acidithiobacillus ferrooxidans; e -Galionella sp.; f - Leptothrix sp.;

g - Heterotrophic Ferruginous Bacteria

Microbiological analyses showed that the most numerous bacteria in
Anthropogenic Lake District waters are filiform variety of Galionella sp.
(Fig. 4 - 6). However, it is noteworthy that their population size did not correlate
with measured ambient temperature. The explanation of this situation might be
as follows: another abundant microorganism in this area is Acidithiobacillus
ferrooxidans, which consumes the same nutrients. To win the “competition”
these bacteria can even inhibit growth of their population. They are also more
sensitive to temperature changes.
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Fig. 6. Total population sizes (from all localities) of microorganisms. Explanations:
A. f - Acidithiobacillus ferrooxidans; HBZ - Heterotrophic Ferruginous Bacteria,
G. - Galionella sp., L - Leptothrix sp., B. p - psychrophilic bacteria,

B. m - mesophilic bacteria, Gr - fungi
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Fig. 7. The variability of sulphate concentration and the Acidithiobacillus ferrooxidans
population size in the sampling point “Rozlewisko”
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Photo 1. SEM images of isolated bacterial cultures; a, b - Acidithiobacillus
ferrooxidans; c - f - Galionella sp.; g, h - Heterotrophic Ferruginous Bacteria
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The performed analyses confirmed the impact of some microorganisms - mainly
Acidithiobacillus ferrooxidans and Heterotrophic Ferruginous Bacteria on the
processes of iron sulphide oxidation. This is reflected, in inter alia a strong
positive correlation between the size of their populations and the sulphate
concentration (Fig. 7).

On the basis of the results of this research another conclusion can be drawn - if
we consider the population sizes of psychro- and mesophilic bacteria as well as
fungi we can say that water in the tested sites exhibits good sanitary conditions.
This is certainly true only in terms of microbiological conditions.
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WYNIKI BADAN MIKROBIOLOGICZNYCH PROWADZONYCH
W ZBIORNIKACH KWASNYCH WOD KOPALNIANYCH W POLSKIEJ CZESCI
LUKU MUZAKOWA — NAJWIEKSZYM TEGO TYPU SRODOWISKU W POLSCE

Streszczenie

W rejonie Luku Muzakowa prowadzona byia eksploatacja m.in. wegla brunatnego.
Dziatalnos¢ kopaln w tym rejonie trwata do konca lat 70. XX wieku. Po zakonczeniu
eksploatacji w obnizeniach terenu powstaty liczne zbiorniki wodne, tworzace tzw.
pojezierze antropogeniczne. W wyniku utleniania siarczkéw (gtéwnie pirytu)
wystepujace tutaj wody sa bogate w zelazo oraz charakteryzuja si¢ bardzo niskim pH. W
pracy przedstawiono wyniki badan mikrobiologicznych wykonywanych w polskiej czesci
tej struktury geologicznej. Stwierdzono, ze wszystkie badane grupy mikroorganizmow
wykazuja zmiennos¢ zaréwno czasowa (wynikajaca z por roku) jak i przestrzenna
(wynikajaca z miejsca pobrania probki do badan). Wykazano, iz najliczniejsza grupa
mikroorganizmow sa nitkowate bakterie z rodzaju Gallionella. Stosunkowo liczne sa
ponadto  bakterie Acidithiobacillus ferrooxidans. Poniewaz obie te grupy
mikroorganizmow do swojego wzrostu potrzebuja tych samych zwiazkow chemicznych
ich populacje konkuruja ze soba — nawet kosztem ograniczenia tempa rozwoju populacji
wiasnego gatunku.

Stowa kluczowe: srodowisko AMD, Luk Muzakowa, zmienno$¢ mikrobiologiczna
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