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The research on the effectiveness of removing heastals from water solutions by
bacteria was carried out at the laboratory of tigitute of Environmental Engineering of
the University of Zielona Goéra in 2007-2008. Theearch covered bacterial strains
isolated from sludge, soil and water. The testg&emed the effect of 3 heavy metals: Pb
(0,1%), Cu (0,1%) and Zn (0,1%). The results prthat due to the presence of heavy
metals, the size of colonies was much lowered imparison with the control pan. Some
of the strains, reader doesnt know numbers in thi @oncentration of Cu and Zn in the
culture scale. It turns out that this concentrati@s completely hazardous with respect to
the growth of those bacterial strains. Considediighe heavy metals under analysis, it
was found that Cu had the most hazardous effetite@growth of 4 bacterial strains, then
Zn and Pb. Under the influence of 4 bacterial staihe content of the metals that after 7-
day long incubation remained is different depegdon metal and bacterial strain.
Removing Heavy Metals by Bacteria from Water sohdiHeavy Metals by Bacteria from
Water solutions: Pb (34,38%), then Cu (29,69%) Znd(21,88%). The content of the
heavy metals removing by 4 strains was from 65,68%%8,12%. The biggest amount
removing was for Zn (78,12%) and the smallest fo@5,62%).
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1. INTRODUCTION

Influence of metals on biomechanical processesrgirasms is versatile and
specific. Depending on their chemical propertiesns heavy metals contribute
significantly to the metabolism of microorganisrfa, example bacteria, taking
part in regulation of biomechanical processes,ilitation of cell structures or

enzymatic reaction catalysis. Toxicity of heavy afetresults not only from a
degree of environmental pollution, but also fromi@mechanical role they play
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in live animals. Bacteria that exist in water onmmaste waters are saprophytes
in the majority. They are typically water or sopesies. However, there also
may exist species for which human or animal organsgsa natural environment,
and they have been disposed of to water togethier household waste waters
or waters. Water contamination — it is an unfavbl@achange in physical,
chemical and bacteriological properties, which fimi make it impossible for
water to use environmentally-isolated bacteria dbsorbing heavy metals in
water solutions. Aim of the study were the quadifions of removing heavy
metals by bacteria from water solutions.

2. MATERIALSAND METHODS

When dealing with any microorganism in a laboratdrys important to behave
as if a particular organism was potentially dangsroTherefore, it was crucial
that the methods applied ensured no contact orthieatontact with a microbe
was indirect or minimum.

2.1. Sterilization of various materials used for tests

Selection of the method to be applied, namely miaysir chemical, depends on
type of the materials sterilized, for example, medi various types of glass and
other laboratory equipment [Nicklin et.al, 2004feparation of the medium,
preparation of agar slants and bacterial broth.

2.2. Preparation of the medium

The following components were used for preparirg tedium: meat broth —
3 g, peptone — 5 g, agar — 20 g, distilled watédi0860 ml. The mediums were
prepared in two flasks 500 ml of each and theniliged following the
tyndallization procedure, then they were left irefrigerator in order to be used
for identification and inoculation of bacteriatahs [Rodina, 1968].

2.3. Preparation of agar dantsand bacterial broth

Before preparing the agar slants, all the test dutvere sterilized at the
temperature of 18C for 2 hours. After having been sterilized andledalown,
the test tubes were taken to the inoculation robimen they were filled with the
medium to the 1/3 of the tube volume and put olaat oard until they set. The
set medium in the test tubes was then inoculatéid eiéar bacterial strains and
put into an incubator at the temp. ofGUor 48 hours. Then a broth solution of
the bacterial strains under analysis was made vollp the procedure: 1
bacterial strain cultured in a test tube — wasriake&ay from the tube and put
into a sterilized solution containing 2 g of theanbroth, 2 g of yeast broth, 5 g
of peptone — in 1000 ml of distilled water, theritured for 24 hours at the
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temp. 30C, ptke - 7,5, [Microbiological mediums — catalogue, 200&wak
and et.al. 1995].

2.4. Preparation of scales containing the medium and concentr ations of
heavy metals and inoculating the bacterial culture

Inoculation samples were made following the rulésterility, that means they
was made in a room designed specifically for thigopse. All the equipment
used for the inoculation procedure were steriliZEge sterile scale was filled
with 1ml of the bacterial strain broth, 3-5 ml tktsterilized medium from the
flask and 0,1% concentration of heavy metals (regaktwice for each bacterial
strain). Then the contents were stirred thorougtnlgl left for setting, then put
into a thermostat at the temperature diC36r 48 hours. After culturing it was
necessary to count colonies growing on scalesybisto be done twice on the
apparatus of bacterial colony meter, type: LKB20&nd then the next
procedure was to calculate the average numberlofies growing on scales for

each bacterial strain under analysis [Little etZ338].

2.5. Bacterial strains

There were 4 bacterial strains used for the tikigphological characteristics of the

cells and colonies of the bacterial strains undalyais are presented in table 1.

Table 1. Morphology of the cells and colonies & bacterial strains

Features of bacterigl Bacterial strains
strains 1 2 3 4
Features of the
colonies: Irregular Irregular Irregular Sphecical
- colony shape Flat Flat Flat Protuberant
- profile Serrate Even Corrugated | Corrugated
- edge Creamy White Creamy Yellow
- colour Non- Non- Non- Non-
- transparency transparent | transparent | transparent | transparent
- structure Non-ductile | Non-ductile | Non-ductile | Non-ductile
- diameter(mm) 20 14 15,5 16

Features of cells:
- cell shape (simple Rods Rods Bacilli Spherical
method of
colouring).
- cell structure Single Single Single Single

(linked) (linked into

small chains)
- endospores Gram + pear-like Spherical Not visible
endospores | (terminal) (central)

are not

clearly
- Gram visible Gram Gram Gram
positive/negative negative positive positive
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Explanation:
(a): colonie of bacteria (b): cells of bacteria

1. Bacterial rods isolated from the soil at the experntal station Lipki in
Szczecin.

2. Bacterial rods isolated from the sludge taken fthmwaste water treatment
plant in tezyca.

3. Bacilli isolated from the soil at the erii Li
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4. Spherical bacteria isolated from the water of thelZski Lake West Poland

2.6. Preparation of heavy metal concentrationsand a liquid medium for

the bacterial culture
For preparation of heavy metal concentrations (leagper and zinc) distilled
water was used along with the following:

- lead nitrate Pb(N§, - 0,1% (0,1 g in 100 ml of the distilled water),
- copper sulphate: CugGH,0- 0,1%,
- zinc sulphate: ZnSG- 0,1 %.

The liquid medium was prepared in cone flasks admount of 100 ml
(repeated twice) for each bacterial strain. Aftawving been sterilized and
cooled down 1 ml of a bacterial strain broth wadeatlto the flask with the
medium along with 10ml of 0,1% concentration of \heaetals and then the
flasks were put into the thermostat at the tempesgadf 30C for 7 days. After
incubation it was necessary to determine the heastals concentrations in all
the flasks. The procedure was carried out in amigtdSpectrophotometer
SPECTRAA-10, Varian.

2.7. Inconcentration of heavy metalstheflasks after the performance

of the bacteria
Metal concentrations in solution is the direct leefiIAAS determination, which
were calculated for all the flasks under analyBlee results were compared with
the bacterial strains and control test (with noté@al broth added). Basing on
the results of the control test, the concentratiminghe heavy metals left in the
flasks were calculated. The results were carried loy calculating the
confidence interval (the lowest significant diffece) for the number of colonies
and concentrations of heavy metals (two-factor fatooy tests [Drab, 2007]).
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3. TEST RESULTS

3.1. Theresultsof tests on theinfluence of heavy metals on the size of
bacterial colonieson scales

The tests concerned 3 heavy metals: Pb (0,1%)eseatre labeled with Pb-1,
Pb-2; Cu (0,1%): scales Cu-1 and Cu-2 and Zn (Q,$%@les Zn-1 and Zn-2 on
4 bacterial strains (table 1). There were two repesde (the results are shown
in table 2).

Table 2. Size of the colony of particular bactestahins under the influence of heavy
metals (colonies on scales)

Comparison with the test
control (100%)

1 2 3 4 1 2 3 4

Scales K-1 197 180 176 210

Scales K-2 210 149 280 181

Average K 2035 | 1645 | 228,0 | 1955

Scales Pb -1 7 10 9 13
Scales Pb-2 9 7 11 10
Average Pb 8,0 8,5 10,0 11,5 4 52 44 | 59

Experimental Bacterial strains
trials

100 | 100 | 100 | 100
% % % %

Scales Cu-1 3 0 0 2

Scales Cu-2 2 0 0 1 i i i

Average Cu 2,5 0 0 15 1,2 0 0 0,9

Scales Zn -1 2 1 0 2

Scales Zn-2 4 1 0 3 i i i i

Average Zn 3,0 1,0 0 2,5 15 0,6 0 1,3
LSD 0,5 1,0 1,0 1,0 1,0 - - - -

Abbreviations: Scales K-1, Scales K-2, Petri cdntrscales for 4 bacterial strains
(1,2,3,4) in two repeats 1 and 2.

Scales Pb-1,scales Pb-2; experimental scales ditti@n of 0,1% of Pb in two repeats
1 and 2.

Scales Cu-1, scales Cu-2; experimental scalesaaliition of 0,1% of Cu in two repeats
1 and 2.

Scales Zn-1, scales Zn-2; experimental scalesadttition of 0,1% of Zn in two repeats
1 and 2.

Average Pb, Cu and Zn: average size of the batteslany for the test on bacterial
culture with addition of particular concentratiafsheavy metals.

The results in table 2 show, that as affected bgvjemetals in 0,1%
concentrations (Pb, Cu and Zn) the sizes of thente$ of the four bacterial
strains under analysis growing on the scales warehniower in comparison
with the size of the colonies on the control teshg There was no growth
bacteria in the size of the colonies of the twaiss 2 and 3 in the Cu
concentrations of 0,1%. It turns out that this @miation had a hazardous
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effect onto the growth of those bacterial straidgic had a definitely hazardous
effect onto the development of only the bacteriahis 3. Considering three

heavy metals, it turned out that the most hazar@diect onto the growth of the

four bacterial strains was first illustrated by Gben Zn and Pb as the least
hazardous.

3.2. Determining heavy metal concentrationsin the test flasks

The results in table 3 show, that the concentrationeavy metals in the flasks
containing cultures of particular bacterial strawvere lowered than those on the
control test flasks. This depends on the strainsasteria and the type of heavy
metal, the concentration remaining in the solut@an be to some degree
differentiated. In the flask — Pb the lowest amoaohtthe heavy metal was

determined (0,015 g in 100 ml of the solution) wiltke bacterial strain 1. In the

flask containing Cu the lowest amount of the heaetals was in the flask with

the culture of strain 2 (0,020 g in 100 ml of tledusion). The concentration of

Zinc was small in all the flasks containing thetoré of bacteria 4 (from 0,015 g
to 0,02 g in 100 ml of the solution).

Table 3. Concentration of the heavy metals thatieed in the solutions after the period
of the bacterial strain culturing-(g0 ml* of the solution)

Flasks of the Bacterial strains
bacteria under 1 2 3 4
culture
Flask K-1 0,08 0,08 0,08 0,08
Flask K-2 0,08 0,08 0,08 0,08
(control without
bacteria)
Average:
0,080 0,080 0,080 0,080
Flask Pb-1 0,01 0,03 0,05 0,03
Flasks Pb-2 0,02 0,02 0,03 0,03
Average: 0,015 0,025 0,040 0,030
Flask Cu-1 0,02 0,01 0,02 0,03
Flasks Cu-2 0,03 0,03 0,05 0,02
Average: 0,025 0,020 0,025 0,025
Flask Zn-1 0,02 0,03 0,01 0,02
Flask Zn-2 0,02 0,01 0,02 0,01
Average: 0,020 0,020 0,015 0,015
LSD g05 0,001 0,002 0,001 0,001

Basing on the control test (with no addition of thecterial strains), but
under the same conditions as in case of the t#stacteria added, the contents
of heavy metals remaining in the solution after geeformance of the four
bacterial strains were calculated (table 4).
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Table 4. Contents of the heavy metals remaineldarsolutions

Bacterial Contents of the heavy metals in the Ralative content as
strains solutions compared with the contral
(9/200 ml) test
(%)
Pb Cu Zn Pb Cu Zn
Control test 0,080 0,080 0,080 100% 100% 100%
1 0,015 0,025 0,020 18,75 31,25 25,00
2 0,025 0,020 0,020 31,25 2500 25,00
3 0,040 0,025 0,015 50,00 31,25 18,715
4 0,030 0,025 0,015 3750 31,25 18,715
Average content of the heavy metalsremained inthe | 34,38 | 29,69 | 21,88
solution (%)
Contents of the heavy metals absorbed by bac{étin | 65,62 | 70,31| 78,12

Under the influence of 4 bacterial strains in tlodusons containing 3
heavy metals (Pb, Cu, Zn) in the initial 0,1% concation, the contents of the
heavy metals lowered depending on the bacterialnstConsidering 3 heavy
metals under analysis the highest content waseisdfution: Pb — 34,38%, then
Cu - 29,69% and the last Zn — 21,88% of initial @amtration. The amount of
the heavy metals absorbed by bacteria is withinrtinge of from 65,62% to
78,12% in comparison with the control test.

4. DISCUSSION

The amount of metal absorbed by microorganismsraépen its type, degree of
oxidation, the size of atom radius, coordinatiomber and the ability to bind in
an organic compound structure. High concentrataars inhibit microorganism
growth (Klimiuk and et.al., 2004). In practice, @ament of industrial waters
requires adapting the conditions of industrial watflow to the pace of
microorganism growth in order to prevent the biosnts be flown away from
the reactor. Bacterial strains in the treatmentewesed under aerobic conditions
at the temperature of 300 C, thus they are mebopbacteria, aerobes
(Vandenbergh et al., 1987).

The research work concerned the of 3 heavy meRds(0,1%): scales
designated as Pb-1, Pb-2; Pb (0,1%) : scales rdssigjas Cu-1, Cu-2; Cu and
Zn (0,1%): scales as Zn-1, Zn-2 4 bacterial ssrgtable 1). The test results
show that the 0,1% concentration of Pb, Cu andhash an unfavourable effect
onto the growth of the bacterial strains. The ®fdhe colonies of the four
strains were lowered significantly in comparisonhvthe test scale. It turns out,
that this concentration could have been too hightearzardous to the growth of
those bacterial strains. In practice, we must ensalequate medium for the
processes of microorganism growth, due to the sggesf disposing of the
metabolism products, because they may form complexgh the metals
remaining in the solution which was causes thatqinality of the products of
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microorganism metabolism deteriorates. Thus these e hazardous effect on
their growth.

Effectiveness of removing metals under environ@enbnditions (for
example in water solutions, on waste waters) isbégs for the research work
on synthetic waste waters containing various heaefals such as: copper,
nickel, zinc, lead, chrome (Morper, 1986, Groenesind et al, 1989). As a
result of oxidation of reduced sulfuric compoundscteria produce huge
amounts of sulfuric acid and show a peculiar adeptato growth in the
surroundings that have acid reaction. The reseamk analyzed single strains
of bacteria for removal/disposal of a single heawgtal. In practice, on
industrial scale, some mixes of different bactestedins can be used for disposal
of metals in waste waters. The results of thbaig own research show, that
depending on a particular strain of bacteria anel type of heavy metal,
concentrations of the other metals that remainetthé solution can vary. The
results of the author’'s own research work preseimdeble 4 show that under
the performance of 4 bacterial strains (1,2,3,43alutions containing 3 heavy
metals (Pb, Cu, Zn) in the concentration of 0,186 content of the metals that
remained in the solutions after 7 days of the west from 21,88 % to 34,4%
depending on the heavy metal. (from 0,015 g to §,04100 ml of solution).

The mechanism of soliciting heavy metals, suchiras @ nickel is based on
biotic oxidation Fe(ll) to Fe(lll), and then oniatic-chemical oxidation of
insoluble metal salts (sulfides) into soluble s@idfates) and elementary sulfur
by iron (lll) formed by bacteria (Ostrowski et 4996, Cheremisinoff, 1996).
The bacteria oxidizing iron and sulfur are psychitgs, mesophiles and
thermophiles. In case of thermophiles the optimuemperature for the
microorganism growth falls between 45-600C. Useth®@rmophiles is most
profitable due to the possibility of shortening tleaction time. In the research
work the author used 4 strains of mesophiles. Troexgss of the bacteria
reaction lasts 7 days in culture solutions at t&rol temperature of 300C. The
content of the heavy metals absorbed by bactersafreen 65,6% to 78,12%.
The calculation results show that the research dease at a high degree of
confidence. The differences of the content of thavly metals remained in the
solutions were significant according of used ssaif bacteria.

5. CONCLUSIONS

1. 0,1% concentration of heavy metals (Pb, Cu and Zam)ses the size of the
colonies of 4 bacterial strains on the scales50996) in comparison with the
amount on the control pans.

2. The most hazardous effect on the growth of 4 battstrains in test
conditions was shown by Cu, then Zn and Pb.

3. The lowest concentration of the metals was founth@ntest probe with the
bacterial strain 1 with addition of Pb and stra8nand 4 with Zn (0,015 g in
100 ml of the solution).
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4. The highest content (0,04 g in 100 ml of the solufi was in the probe with
the bacterial strain 3 with addition of Pb.

5. The content of the heavy metals absorbed by 4nstraas from 65,62% to
78,12%. The biggest amount absorbed was for Zi2¥8) and the smallest
for Zn (65,62%), depending on the performance dfi@dar bacterial strains
in test trials.

REFERENCES

1. Blok, R.L., J. deMorsier, H. Wellens, and W.J. Bocik.: Evaluation of the
Toxicity of Substances to be Assessed for Biodagiig. Chemosphere,
1987, 16, 2259-2277.

2. Drab M.: Wybrane zagadnienia statystyki matematycznej i
daswiadczalnictwa w igynierii srodowiska.UZ., Zielona Gora, 2007, 153s.

3. Groenestun, J.W., M.M.A. Bentwvelsen, M.H. Deinenand A.J.B.
Zehnder.: Polyphotphate Degrading Enymes in Acinetobacter syl
Activated SludgeApplied and Env. Mic., 1989, 55, pp. 219-223.

4. Klimiuk E., tebkowska M.:Biotechnologia w ochronigrodowiska.Wyd.
naukowa PWN- Warszawa 2008, 266 s.

5. Katalog wyrobow, 2008 Podiaza mikrobiologiczneBTL sp.zo.o, £6d, s.
21-280.

6. Littre, C.D., A.V. Palumbo, S.E. Herbes, M.E. Lidsh, R.L. Tyndll, and
P.J. Gilder,.Trichloroethylene Biodegradation by a Methyane -idating
Bacterium.Applied and Env. Mic., Apr. 1988, 591p.

7. Morper M., 1986.Anaerobie sludge a powerful and low-cost sorbent fo
heavy metals. In: Immobilisation of ins. by bioys@n. Ed. Eccles H., Hunt
S., Chichester: Ellis Horwood, London, p. 91-104.

8. Nicklin J., Graeme-Cook K., Paget., Kilington RQOZ. Mikrobiologia —
wyktady PWN, Warszawa,

9. Nicholas P. Cheremisnoff, Ph.D., 199Biotechnology for waste and
wastewater treatment. Noyes publicatiohgestwood, New Jersey, USA,
pp. 1-36 and pp. 57-96.

10.Nowak A., B. Marska, H. Wronkowska, W. Michalewid®95.Przewodnik
do éwiczei z mikrobiologii dla kierunku rolniczego, ogrodnégp i ochrony
srodowiska Akademia Rolnicza w Szczecinie, Szczecin, 144s.

11. Ostrowski M., Sktodowska A., 1996. Mate bakterigela mied. Sci- Art,
Warszawa.

12. Rodina A, 1968.Mikrobiologiczne metody badania wodRastwowe
Wydawnictwo Rolnicze i Line, Warszawa, 468s.

13.Vandenbergh, P.A.R.H. Olsen and J.H.Colaruoldelation and Genetic
Characterization of Bacteria that Degrades Chloroaratic Compounds.
JAPCA, Oct. 1987, pp.737-739.





