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nanosilver, nanopatrticles,
silver nanopatrticle, mechanism of nanosilver

Maciej K. BELCIK, Agnieszka TRUSZ-ZDYBEK

EFFECT OF SELECTED SILVER COMPOUNDS
ON MICROORGANISM S

Silver is well known for its antibacterial propesi which for many years were used in medicine and
pharmacy. In the literature you can find informatiabout the consumption of metallic silver
as a medicine for stomach ulcers, or drinking watem the silver cups to protect against plague.
In recent years, along with the development of teshinologies an increasing interest in compounds
of nanosilver, so silver particles with a size [#sn 100 nm. Components of that type have different
properties of the materials from which they are ggated. Reduction of particle size results
in a change of the mechanical, physical and chdmicperties. Effect of nanosilver activity doed no
causes impairment only one of the vital functioms series of processes which causes gradual de-
struction of cellsinter alia by covering the cell wall, penetratioh tbhe inside a cell activities
of mitochondrial, and genetic material disorderanbdparticles destroy also fungal cells disturbing
the water management and some viruses by decomngpogibtein-lipid capsid shells. This paper pre-
sents an overview of methods obtaining silver nanties and mechanism of their action described
in literature. What is more was presented restltiescribed studies confirming the effect of nahosi
ver action on microorganisms.

1. INTRODUCTION

Silver is the metal with the symbol of Ag, it isashcterized by thermal and electri-
cal conductivity, plasticity and strength. It owesproperties due to the crystal struc-
ture, forming regular space lattice. The basic geit of silver crystals has a cubic
shape. Silver properties for years were used inicimedand pharmacy. The ancient
Egyptians were dipped metallic silver into water fiating stomach ulcers, Roman
legionaries accelerated the healing of injuriesapplying to them the silver coins.
What's more silver cups protect against plague.

" Wroctaw University of Technology, Institute of Branmental Protection Engineering, Wybtee
Wyspiaiskiego 27, 50-370 Wroctaw, Poland.
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Antibacterial properties possess compounds suchcdisidal protargol and
colargol but also lapis - commonly known as silvitrate.

A new perspective for the bactericidal propertiésitver has created a relatively
new branch of science which is nanotechnology. fEimge of interest to researchers
in this field are materials and substances buiinfrcrystals of a size not exceeding
100 nm. Nanomaterials properties has different finwse with which they were
formed. Small size allows to change mechanicalsigiay and chemical properties.

In the case of silver the biochemical activity @nioparticles is a result of ratio
their weight to the surface. The lower is mentiomatio the higher activity have
nanosilver particles [1].

2. OBTAINING A SILVER NANOPARTICLES

Among the many methods of the synthesis silver parimles described
in literature, chemical reduction is the most comipaised mechanism for their gen-
eration. This method involves the reduction of #ilger salt with a reducing agent
inthe presence of stabilizer enabling to stop theocess of connections
the nanoparticles into larger agglomerates. Thieg®lizers cause inhibition of growth
in particle size. The time of adding the stabil&zéo the reaction mixture depends
on the size of the nanoparticles which will be gatel. Commonly used silver salt
in chemical reduction method is silver nitrate (AN other compounds might
be AgCIQ, AgBF,;, AgPF, but unfortunately only silver nitrate guaranteenstant
reaction speed. Example reducing agents includehydriate (NaBH), hyrazine
(NzH,), ethanol (GHsOH), sodium citrate [2, 3, 4].

Another variation of chemical reduction method évarse micelle system. This
method uses a microemulsion, where the water dsopgended in an oil are reaction
medium and the size of the nanoparticles generatigdited by the size of those 'bio-
reactors' [3, 4, 5].

Obtaining a silver nanoparticles is also possiblg & method based
on photochemical reduction. This method allows len all substrates before initia-
tion of reaction. Photochemical reduction takes@lander the UV lamp, where pre-
pared mixture is subjected to irradiation. Diameieiobtained nanoparticles in this
method are 1-7 nm [4].

Another method of synthesis nanosilver is microwavadiation, which is used
also to obtain gold nanoparticles. Microwave metbbdynthesis nanosilver depend
on microwave beam, which goes through the materTdlis radiation energy
is transformed into thermal energy, which incre&sematerial temperature [4, 6].

Electrochemical method obtaining a nanoparticles developed in 1994. Electro-
chemical method allow to dissolution of silver ananode and in that same time re-
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duction of transitional slat on a cathode. Productf metal particles were stabilized
by suitable salts, for example tetraalkyl ammongait. Potentiostatic and galvanos-
tatic polarization of silver is based on the simpeocedure to described above [3, 4].

Other method to obtain silver nanoparticles invelweactions between solid,
which is suspended in liquid medium. The name @ thethod is laser ablation
and depend on transfer solid material into surroundiquid in a bubble form.
This process is triggered by a pulsating laser bessra reducing liquid medium are
used ethylene or diethylene glycol [3, 4].

Relatively new and not fully understood method bfaining silver nanopatrticles
is green synthesis. Nanosilver in green synthesithod is based on enzymatic reac-
tion of Bacillus subtilis Bacterial cultures allows to reduction of metads in silver
nitrate salt by the mediation of nitrate reductdse].

3. INFLUENCE OF SILVER ON MICROORGANISMS

The fact that silver compounds cause the inhibitioad death of bacterial cells,
fungi and spores was observed at the beginninigeofineteenth century. Studies have
shown a direct toxicity of the silver ions to thells of microorganisms. Produced
nanosilver did not result in loss of these propsition the contrary it has created
a new possibilities for the use it to destroy baatend fungi.

Nanosilver works similar to antibiotics by affedinall the vital functions
of microorganisms such as the ability to move arawth, metabolism, reproduction
and adaptation skills.

The main action of nanosilver on the microorganissrie process of surrounding
them with a thin layer of metal. This process alomot only to reduce movement
by blocking cells cilia and flagella. It allows al$o block specific cellular organelles
such as fimbria and pilus. Blocking fimbria by anoasilver doesn't allow the cells
to stick the ground. The other cannot participatethe process of conjugation
for at becomes impossible to exchange informatioradapting to changing environ-
mental conditions. Cells surrounding by the nawesilayer prevents bacterial cell
division and its reproduction.

Cysteine is one of the components bacterial celi. Whis amino acid is built
from carbon, hydrogen, oxygen, nitrogen and sullure thiol is a highly reactive
group which can be transformed by oxidation to lfide derivative cysteine. Colloi-
dal nanosilver may catalyze oxygen ions and pagitb transform into atomic oxy-
gen, which can react with thiol groups and previemimation of new cell walls.
What's more, this reaction can result in degradatibexisting cell walls.

Silver is an excellent conductor to cause disruptbthe cell membrane polariza-
tion, which disturbs the transport of nutrientsthe interior of cells. On catalysis
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properties result in denaturation of proteins,udahg enzymes by occurring free pro-
tons which cut of disulfide derivative cysteine. dddition, nanosilver also impairs
the process of respiration and energy supply byuglieon of respiratory chain. Death
of bacterial cells is achieved by deactivation mfyemes and blocking metabolic reac-
tions into them.

Effect of nanosilver activity does not focus onlg one of the vital functions
of cells, but it causes a number of processestieguih their gradual destruction.
Nanoparticles destroy also fungal cells by disngptitheir water management
and some viruses by decomposition in protein-lgaidsid shell [1, 2].

4. EFFECT OF NANOSILVER ON SELECTED BACTERIAL STRXRS

In many research into effect of nanosilver on nicganisms the main topic
is impact of size and shape nanoparticles on atrtinial activity. The size of silver
nanopatrticles effect on their surface. Lower sizpanticles have larger surface area
to contact with the bacterial cells. Panacek et[%.studies presents the results
of minimum concentration of silver nanoparticlesigiag inhibition of growth some
bacterial strains. Studies showed, that 25 nmgbestishowed higher activity in every
bacteria strain then particles with larger radiise lowest effect of growth inhibition
was showed for particles with average size 50 neseBrch show also that result
of adding nanosilver into bacterial strains resuit#t only in inhibition growth
of bacteria but its kill them [8, 9].

Antimicrobial efficacy depends also on the shapaarfoparticles. Pal et al. [10]
in their research showed that they achieved inbibibf growth bacteria with silver
content of 1 pg in the case of triangular-shapeparticles. That was the most effec-
tiveness shape of nanosilver. Other shapes needeel silver content like 12,5 g
for spherical nanopatrticles and from 50 to 100 mgdse the rod-shape nanoparticles
[8, 10].

In other studies Li at al. [11] investigate antiteai@l mechanism of silver nanopar-
ticles to Gram-negative bacteriak: coli. Gram-negative bacteria has a membrane
outside the peptidoglycan layer, which protect thBom substances may cause
to destroy cells. The results showed that silvernoparticles enhanced
the permeability of this membrane, what is more tégearchers noticed inhibition
of respiratory chain dehydrogenases as a resaltidition of nanosilver. This results
were also confirmed by research carried out by Banhdl. [12] which noticed com-
pletely inhibition of growthE. coli on LB agar plates. The same experiment showed
that silver nanoparticles immersed in a liquid mediregardless of the concentration
didn’t caused inhibition of growth bacteria. In udsof use nanosilver in liquid medi-
um was only delay dE. coli growth.
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Yoon at al. [13] in their research carried outEncoli andB. subtilisnoticed that
silver nanoparticles completely inhibited bacteatathe concentration higher than
70 ug/mL. In comparison with each of strains waseobed greater sensitivity
of B. subtilisthenE. coli. Authors thinks, that explanation of more resestiv coli
to nanoparticles was outer membrane of Gram-negdiacteria, then Gram-positive
B. subtilis

5. SUMMARY

Antimicrobial activity of silver is well known foryears, but along
with the development of nanotechnology silver ne¢ar to the range of interests re-
searchers. Reduction of particle to the size noeea 100 nm allows to effective pre-
vention of bacterial, viruses and fungi growth.

Over the last few years many studies have been uctedi about methods
of obtaining silver nanoparticles, also on mechari$ their action.

Although the mechanism of silver nanoparticles @& fully understood, it can
be determined as an effective. The research shtve¢dilver nanoparticles penetrate
cells wall and blocking the respiratory chain ottesia.

Currently there are studies conducted in Instiftéeenvironmental Engineering
of Wroclaw University of Technology about effect sifver nanoparticles obtained
in microwave method on microorganisms found in Vinacdrinking water.
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biofilm, bioreactor, bacterial cells

Grazyna BESCIAK, Martyna PLEWNIAK, Adam SOCHACKI,
Joanna SURMACZ-GORSKA

EVALUATION OF THE GROWTH AND DEVELOPMENT
OF BACTERIAL BIOFILMS IN LABORATORY CONDITIONS

Bacteria, due to the high genetic and physiologitabdity, possess the ability to colonize diffeten
ecological niches and to adapt quickly to changing often unfavorable environmental conditions.
The planktonic bacterial cells are sensitive toadety of adverse environmental factors, therefore,
in order to increase the chances for survival foeyn multilayer aggregates call@ibfilm.

Settled form of life in the complex structure ofofiims provides many benefits: it increases
the chances for survival, enables easy accessttiems, allows genetic exchange between the cells
and rapid transmission of information via quorumsseg.

In the environment single-species biofilms occurelsa Typically these structures are created
of a number of bacterial species, often with défearrequirements for life. In addition, they coird
clude cells of algae, protozoa, insect larvae, 8ch structures are multi-species symbiotic microe
vironment, in which each species plays a spedifie. it is important that biofilms are called asiaq
ous environment; a large part of this structurecisupied by water channels.

Due to the complexity of natural biofilms, mainlyono- and two-species structure are tested in a la-
boratory. This article presents the characteristfanonospecies biofilms, created by strainEsthe-
richia coli. Two methods of biofilm culturing were used: awergmase in 6-well plates and cultured
in Drip Flow Reactor. Characteristics of the biofilmwere carried out, including, among the others:
determination of CFU, XTT metabolic activity measusnt, comparison of biofilm biomass, obser-
vation of developing structures using confocal wscopy, Live / Dead staining, measuring
the amount of polysaccharides and proteins in Hwebial extracellular matrix. Experimental results
allowed for a comparative analysis of biofilms,rf@d by different strains of bacteria, and showed
the differences in the rate of development and fofinese structures.

" Environmental Biotechnology Department, FacultPofver and Environmental Engineering Sile-
sian University of Technology, ul. Akademicka 2;4@0 Gliwice.
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1. INTRODUCTION

Biofilm is defined as a complex of microorganismghich are embedded
on a common surface and form numerous microcolofiiesse structures a surround-
ed by an extracellular matrix (extracellular polymmesubstances, EPS) [8-10]. Cur-
rently biofilm is considered the basic form of hg bacteria, which allows them
to survive in adverse environmental conditions.tBaa in this structure may be even
a thousand times more resistant to harmful agéais planktonic bacteria belonging
to the same species [13]. Therefore, in the enwiemt approximately 95%
of the bacteria are present in the form of biofilfhe natural biofilms may also con-
tain: fungi, protozoa, algae, plant and animal @eland inorganic substances [8, 16].

A significant part of the biofilm structure is oquad by free spaces, so-called wa-
ter channels. Therein the fluid circulates prowidihe oxygen and nutrients to indi-
vidual cells, and receiving potentially harmful gucts of their metabolism. Since
the water content in the biofilm can be up to 7%€96f its weight, this structure
is considered an aqueous microenvironment. Extrdaelmatrix, which is a mixture
of various polymers, is highly hydrated. The EPSlude: proteins, nucleic acids,
lipids, polysaccharides and neutral and acidic phobpids [8, 16]. However,
the composition of the polymeric matrix is highlgpndent on environmental condi-
tions. Extracellular polysaccharides play an impatrtrole, because they enhance bio-
film integrity and they are involved in cell adhasito the surface. Another important
component are proteins, which in addition to thele in the adhesion process may
also act as ligands or receptor cells. EPS mayitherehydrophilic or hydrophobic.
Matrix is a material binding cells together andtpoting them against harmful influ-
ence of external factors [4, 5, 7, 17].

Biofilm structure provides many benefits to the teaal cells occurring within it.
First of all cells have better access to nutriertteey are largely protected
from the damaging effects of the external enviromin¢hey can synchronize their
metabolism through the rapid exchange of quorurnsiegrsignals, and thus they per-
form multiple processes faster and more efficienig. decomposition of toxic sub-
stances) [1, 5, 11, 19]. Moreover, due to proxinsiftyells, genetic exchange between
them and acquisition of new genes is possible, kvhitlows them better adaptation
to the environment. Biofilm-forming microorganisrase also characterized by differ-
ent metabolic activity levels within the membramvehich affects the resistance
of the microorganisms. In the deeper layers oftiloéilm cells are smaller and often
remain in anabiosis state, acting as reservoiesénve cells. Whereas cells occurring
on the surface are more metabolically active amy tare dividing rapidly, so that
the structure can grow. Mature biofilms, composédmetabolically differentiated
cells, have a large adaptability to different eominental conditions and the greatest
resistance to antimicrobial agents [5, 6, 9].
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The present study includes characterization ofilbisfformed byEscherichia coli
strains, purchased from the BCCM / LMBP straindemtion.

2. MATERIALS AND METHODS
2.1. BREEDING OF STRAINS

For the tests two strains &fscherichia coli(LMBP 4547 and LMBP 5420) were
used, which were purchased from the BCCM / LMBRis# collection (Ghent Uni-
versity, Belgium). The strains were stored in Eglmhvials at -20 °C, with the addi-
tion of glycerol (850 mL cell suspension, 150 mLstdrile glycerol).

Two methods of cultivation of strains were emplay€&He first method of biofilm
culturing was conducted in sterile 6-well plateack well contained 5 mL of culture
medium (TSB; Tryptic Soy Broth), and 100 mL of 2ddin suspension of an appropri-
ate bacterial strain. The coupons were incubatesh imcubator at 37 °C.

In the second method sterile plastic containersswesed to culture the biofilm.
Each container contained 50 mL of nutrient brot8EB}, 1 ml of an appropriate bacte-
rial strain and degreased glass slide. Incubatias warried out in an incubator
at 37 °C.

After a suitable period of culturing biofilm wasraped into 10 mL of PBS, using
a sterile scraper for this purpose.

2.2. CFU ENUMERATION

The biofilm cells concentration was determined loypiraeration of the colony-
forming units (CFU). Biofilms of both strains wegeown on the 6-well plates, where
growing area was 9.15 éniThe plates were incubated at 37 °C for 24 to 7After
this period biofilm was scraped and suspendedn. 3°BS.

Dilutions of 10" were made and 10 pL from each dilution was seemed@SA
plates (triplicate). The plates were incubated at’G for 24 h and then the grown
colonies were counted. The numbers of bacteria wemiculated according
to the formula:

CFU/mL= (average CFU / drop volume)(dilution coutjte
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Later it was converted into CFU/ ém
CFU/cnf = (CFU/mL * PBS volume) / growing area
SO,

CFU/cnf= (CFU/mL *5mL) / 9.15 crh

2.3. DETERMINATION OF BIOFILM BIOMASS — CRYSTAL VIOLET SSAY

Crystal violet staining was used to determine thtaltattached biofilm. Biofilm
was grown in 6-well plates at 37 °C for 24 h to I¥2After this time the medium
was removed, the wells was washed with water amiL50f methanol was added.
After incubation (15 minutes) methanol was remoweells were drained and crystal
violet was added. The assay was removed after bitesin The wells were washed
with water twice and acetic acid (33%) was addeceash well. The final step
was the measurement of absorbance (570 nm). &h& bdst was acetic acid.

2.4. DETERMINATION OF BIOFILM ACTIVITY — XTT ASSAY

XTT is a 2,3-bis(2-methoxy-4-nitro-5-sulfophenyb{phenylamino)carbonyl]-
2H- tetrazolium hydroxide, which is converted tdutte products into agueous medi-
um . However, PMS (phenazine methosulfate) is aernmediate electron acceptor,
so that the degree of XTT reduction is increasezklls [15].

Biofilm was grown in 6-well plates at 37 °C for 24to 72 h. After this time
the medium was removed and the wells were wash#dwater. Next 5 mL of mix-
ture containing 200 mg XTT/l and 20 mg PMS/L waded The plates were shaken
in the dark for 2 h (120 rpm). The absorbance weaasured (490 nm). The blank test
was the XTT/PMS mixture.

2.5. EPS EXTRACTION AND MEASUREMENT OF PROTEINS AND POSACCHARIDES

The extraction of EPS from biofilms oE. coli strains 4547 and LMBP
5420 LMBP was performed using ultrasonic sonic8i@anson S-150, equipped with
a titanium tip diameter 13 mm. Sonication was penfd in an ice bath (4°C).
Samples were sonicated (37 W / 10 ml sample) fosdéitbnds After sonication the
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sample was centrifuged at 14000 rpm for 10 min. nTkeapernatant was filtered
through a hemicellulose acetate filter (pore di@mnét45 um). The content of proteins
and polysaccharides was analyzed in obtainedtéltra

The Dubois method (phenol — sulfuric acid methodywsed for the measurement
of polysaccharides. From each sample, 0.5 mL oémsgtant was collected, 0.5 mL
phenol and 2.5 mL of sulfuric acid VI (97%) was eddThe prepared samples were
centrifuged for several seconds and incubated amréemperature for 15 min.
Absorbance measurements were made at 490 nm uswigteon of PBS as a blank.

The protein content of the extracted EPS was détexdrby fluorimetric method,
using Quant - iT Assays and Qubit analytical statibhe working solution was pre-
pared (1:200 Quanit - iT protein reagent A in QuanT protein buffer B) and
180 mL of the working solution and 20 mL of the gden(in triplicate) to eppendorf
were added. Samples were incubated at room temperahen the measurements
on Qubit Fluorometric Station - iT were performed.

2.6. THE ADHESION OF MICROORGANISMS TO HYDROCARBONS

The hydrophobicity of LMBP 4547 and LMBP 5420 sisawere tested by deter-
mination of the adhesion degree of cells to hyaroecns. 24 h bacterial suspension
was prepared (incubation on a shaker, 120 rpnfC37 then the cells were centri-
fuged (9000 rpm, 4 °C, 5 min.) The sediment washedgwice with PBS. Cells were
suspended in PBS (optical density of the suspenbietween 0.4 and 0.6 A
600 nm). 150 mL n-hexadecane was added to 3 mlhefstuspension and mixed
for 1 minute. The samples were left at room tenfpeeafor 10 minutes to pellet the
cells. In the final stage the suspension optieaisity (A) was again measured.
The percentage of attached cells was calculated ine formula:

% attached cells = (1-At/A0)x100

2.7. CLSM OBSERVATION

Biofilm developing on basic glass was observed singi CLSM (Confocal Laser
Scanning Microscopy) with Olympus Fluoview Softearer.3.1a. UPLSAPO 60XS
NA:1.3 and lasers 405 nm, 448 nm, 515 nm, 559 niin6&> nm were used for obser-
vation. The controls were conducted every 24 8fdays.
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2.8. LIVE/DEAD STAINING

The number of live and dead cells in biofilms oftbstrains in the subsequent days
of culture was examined. For this purpose, LivetDstining was performed, using
the LIVE/DEAD BacLight Bacterial Viability Kit. Obmsrvations were made using
the Zeiss Fluorescent Microscope with AxioVisioffitsare.

3. RESULTS

CFU examination showed that the striincoli LMBP 4547 demonstrated an up-
ward trend in the following days of cultivation. =84 h biofilm the value of CFU/mL
was 8,36x18, which was equivalent about 4,57%1CFU/cnf. At 48 h biofilm cells
was 2,5x18 CFU/ml (1,37x18" CFU/cnf), and for 72 h was equal
to 3x102 CFU/mL (1,64x1¢* CFU/cnf). In the case of LMBP 5420 strain the num-
ber of cells was 4,84x1@FU/mI (2,64x10 CFU/cnt) after 24 h incubation, the next
day there was a slight decrease of the number ablesi cells in cultures
(2,87x10 CFU/mI 1,57x16 CFU/cnf), and after 72 h of incubation the number
of cells increased again to a value of 5,9@BU/ml 3.22x18 CFU/cnf).

Control of biofilm biomass, using crystal violetaisting, confirmed the results
of CFU. Absorbance was measured from each welljlzew the results were averaged
from the plate. The mean absorbance of each fateieen successive days of cul-
ture, was compared (Table 1).

Table 1. Comparison of the absorbance of biofiirli LMBP 4547 and LMBP 5420.

LMBP 5420 LMBP 4547
24 h 0,796 0,183
48 h 0,091 0,339
72 h 1,007 0,689

The results showed th&. coli biofiilm LMBP 4547 grew in subsequent days
of culture, gradually increasing their biomass. ldwer, in the case &. coli LMBP
5420 strain different situation was observed -fitet day of cultures biomass of was
very high, and on the second day there was a dggitkase and re-growth after a fur-
ther 24 h. From the presented values it can beleded that the strain dE. coli
LMBP 5420 was characterized by significantly fastate of growth of biofilm,
as a result after 48 h the aging processes of tthetsre was observed (the rapid
reduction of the biomass, detachment the part afooolonies and the return cells
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into suspension). The next day of incubation resulof the biofilm redevelop-
ment (Figure 1).

Comparison of biofilm biomass
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Fig. 1. Comparison of the biofilms biomass of LMB#26 and LMBP 4547 strains,
in time-dependent cultures.

Analysis of the metabolic activity of both straiognfirmed the previous results.
Incubation of the samples with the addition of X&hd subsequent measurement
of absorbance showed that the activity of Ehecoli LMBP 4547 strain gradually
increased on subsequent days of culture. Howelveractivity of LMBP 5420 strain
after 24 h was very high (Figure 3), while in thexnday of cultures strongly plum-
meted and after a further 24 h gradually increasBde analysis was based
on the average results of each plate (Table 2 r&igu

Table 2. Absorbance of biofiilm LMBP 4547 and LMB#2B strains after 24 h, 48 h
and 72 h of cultures (490 nm), indicating theiiatt.

LMBP 4547 LMBP 5420
24 h 0,495 1,306
48 h 0,497 0,258
72 h 0,534 0,462

Intensive coloration of the sample suggests stronggabolic activity of bacterial
cells and may be related in direct proportion ® kmber of viable cells in each bio-
films (Figure 3).
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Comparison of biofilm activity

1,5 -
3 14
g
<
s u LMBP 4547
=05 - HLMBP 5420

0 T T
24h 48 h 72h
Time

Fig. 2. The comparison of biofilms activity in tirtepended cultures.

Fig. 3. LMBP 5420 biofilm with XTT addition.

EPS extraction from 24 h biofilm by sonication wamducted, then the content
of proteins and polysaccharides in samples was uneésThe content of polysaccha-
rides was determined by Dubois method (phenol-salfacid method), the result
was compared to a standard curve of glucose caatient The Quant-iT Assays Kit
was used to determine the amount of protein. Thalteare shown in Table 3.

Control of cell adhesion to hydrocarbon (n-hexadegahowed that the strain at-
tached LMBP 5420 at 14%, while strain LMBP 454%actied at 8%. Therefore,
LMBP 5420 strain has a higher hydrophobicity tHaa $train LMBP 4547.
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Table 3. Absorbance of biofilm LMBP 4547 and LMB#2B strains after 24 h, 48 h
and 72 h of cultures (490 nm), indicating theinatt.

LMBP 4547 LMBP 5420
The avgrage concentration of proteins 107.1 124.7
in the EPS [pug/ml]
The av?ragg concentration of polysaccha- 4448 98.9
rides in the EPS [ug/ml]

The assessment of the development and the compaofkdiofilm structures
was made by using confocal microscopy. Selected@sabtained in subsequent days
of cultivation, are presented in Figure 4 and 5.

Fig. 4. The structure of LMBP 4547 biofilm (1 - 24iofilm; 2 - 48 h biofilm;
3 - 72 h biofilm) (objective 40x).

Fig. 5. The structure of LMBP 5420 biofilm (1 - 24iofilm; 2 - 48 h biofilm;
3 - 72 h biofilm) (objective 40x).
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The Live/Dead staining allows comparison of the hamof viable bacterial cells
in relation to all the cells in the biofilm (Figu6s.

Fig. 6. The Live/Dead staining of LMBP 5420 strafter 24 h incubation (objective 60x).

Staining of biofilms of both strains in the subsegudays of culture was per-
formed. During each preparation approximately 28ges were obtained, from which
the number of viable cells and all cells of biofirwere calculated (using ImageJ).
On the basis of the images, it was found that cellsber of LMBP 4547 strain was
different for each day of culture. The number dfscef a strain of LMBP 5420 was
smaller on each day of incubation (Table 4). IN4&MBP biofilm more than a half
of biomass was living cells (53% - 60%). A simitasult was obtained with a strain
of LMBP 5420, where viable bacterial cells werenir®8% to 67% of all cells.
The differences between the strains are small andba caused the subjective choice
of photos.

Table 3. The average number of all cells and tleeaae number of living cells
in both strains in subsequent days of incubation.

Number of cells
LMBP 4547 LMBP 5420
All cells Living cells All cells Living cells
24 h incubation 519 303 457 308
48 h incubation 291 155 219 138
72 h incubation 414 251 168 97
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4. DISCUSSION

The purpose of the study was to verify whether tve strains, belonging
to the same species, form the biofilms of the sanshitecture and activity. Various
test methods were used: CFU as the primary methidlicating the number of living
cells structure [2], the crystal violet stainingthmd in order to illustrate the amount
of biomass or XTT analysis in order to comparedtigvity of biofilms [12, 14].

Conducted comparative analysis of two straingEstherichia colibiofiims show
a significant differences in the structures credtgdhem. Although these strains be-
long to the same species, the rate of biofilm dgwalent and biofilm biomass differ.
E. coli strain LMBP 4547 developed more evenly, which watermined by CFU
calculation and crystal violet staining. Also ttatity of the biofilm increased gradu-
ally in the subsequent days of culture. Wheieasoli LMBP 5420 strain showed fast
growth of the structure on the first day of cultured then the biomass and the activi-
ty were rapidly reduced after 48 h incubation. @& following day biofilm was grad-
ually reconstructed.

Such biofilm life cycle is a perfect example of tlevelopment and maturation
processes, occurring in this structure. These peaseoften lead to death or separation
of part of the structure, and then rebuild it ag&iiofiims as a structure dynamically
reacting to any changes in the environment, areseg to temporary fluctuations
of the number of cells. Based on literature dataliferent researchers conclusion
can be drawn that these structures are charaadriza specific life cycle. This cycle
consists of a stage of cell adhesion to the surtaednitial EPS production, formation
of microcolonies and differentiation of the celltinn them, and the aging processes
of the structure. These processes are relateat, alia, the depletion of nutrients
within the biofilm, in the effect the part of thells return to the planktonic form
and populate the new ecological niches. The streatan be rebuilt when the nutri-
ents are again supplied [3, 18].

Observations made using a Confocal Laser Scannicgobtopy showed differ-
ences in the construction of various structuresbiofilms. Biofilm LMBP 4547
was more uniform and evenly distributed over therersurface of the glass, while
the LMBP 5420 strain create clearer and larger ooimonies, which significantly
changed during the breeding. However, Live/Deathisign showed that the number
of viable cells in the biofilm was fixed, regardiesf the day of culture (the medium
ranges was 55-65% of the total biomass of biofil&l).the performed experiments
revealed, that the construction of biofilms withilspecies can be various.
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5. SUMMARY

Antimicrobial activity of silver is well known foryears, but along with
the development of nanotechnology silver returrethe range of interests research-
ers. Reduction of particle to the size not exce@@rim allows to effective prevention
of bacterial, viruses and fungi growth.

Over the last few years many studies have been uctedi about methods
of obtaining silver nanoparticles, also on mecharo$ their action.

Although the mechanism of silver nanoparticles @& fully understood, it can
be determined as an effective. The research shtve¢dilver nanoparticles penetrate
cells wall and blocking the respiratory chain oftesia.

Currently there are studies conducted in InstiftéeEnvironmental Engineering
of Wroclaw University of Technology about effect sifver nanoparticles obtained
in microwave method on microorganisms found in Viaacdrinking water.

The project is supported in part by Grant N N523@83 from the Polish Ministry

of Science and Higher Education, for which the atghare indebted. The author has
a scholarship in the Project "SWIFT (Assistive Imaive Technology Forum

Grants)" POKL.08.02.01-24-005/10 co-financed by Eopean Union under the
European Social Fund.
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SPECTROPHOTOMETRIC STUDY OF NATURAL BALTIC
SURFACTANTS — RESULTS OF MARINE EXPERIMENT

Knowledge of the luminescent properties of surfaistgsurface active agents) in the surface layers
of the sea is extremely important for the intergtien of remote images of the sea, which in modern
oceanography play a very important role. As well tasassess the role of the organic molecules,
forming the surface layers of a sea, in the gabange between a sea and an atmosphere. The main
source of marine surfactants are marine phytoptemktxudates and their degradation products.
Advanced research of Baltic surfactants is conduatethstitute of Oceanology Polish Academy
of Sciences for several years. To study the spdisatibution and luminescent properties of surface
active molecules of dissolved organic matter (DQMBaltic waters - several marine experiments,
in different regions of Baltic Sea, were organizéthter samples from a surface film were collected
by a glass plate. The water, from a 15 cm top |@fes sea, was collected using a wide container
which was properly charged and, partially immergeavater, took on water from the layers of not
more than 10-15 cm. The measurements of 3D flueresc spectra of seawater samples were per-
formed immediately on board of the ship.

Comparison of 3D fluorescence spectra for samptes & film and a top layer indicates that the mol-
ecules of chromophoric DOM (maximum for ex. 300-400/em. 380-540 nm) are found in a greater
concentration in a surface film, while the molesuleof Chlorophylla (Chla)

(ex. 425-475 nm/em. 675-685 nm) in a 15 cm toprlayée recorded differences in concentration
between a film and a top layer for both CDOM and &hte very small. It can be assumed that, re-
gardless of research area of the sea, satellitgesnshow the contents representative for bothma fi
and a top layer. However there is a need to repeatype of experiments to confirm the results.
Spectrofluorometric study of samples taken fronfiedéint regions and layers of Baltic Sea allow dis-
tinguishing a chemical composition and concerdratif optical active molecules contained in sea-
water. The measurements of 3D fluorescence spetsaawater samples, taken from a surface film
and a 15 cm top layer, were carried out duringéisearch cruise of r/v Oceania in April 2010.

* |Institute of Oceanology Polish Academy of Sciesyd@owstacéw Warszawy 55, Sopot, Poland.
** AS Laser Diagnostic Instruments, Valukoja 7, liral, Estonia present Marine Systems Institute,
TTU, Akadeemia tee 15a, 12618, Tallinn, Estonia.
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The results of spectra analyses show that the mielec of CDOM, (maximum
for ex. 300-400 nm/em. 380-540 nm) are found inatgne concentration in a surface film, while
the molecules of CHd (ex. 425-475 nm/em. 675-685 nm) in a top layer.

1. INTRODUCTION

The sea surface is the interface between an atrepspind a sea, where there are
a variety of biological and physical and chemicedgesses. Their properties effect
the processes of the accumulation and exchangerfaeice active molecules and con-
tribute to the dynamic properties of the surfaaaféee wave spectrum) and fluxes
(especially in gas exchange and production of raai@rosol) as well as to the for-
mation of inherent optical properties of seawatkrd]. Moreover, the presence
of a specific organic molecules in a surface filmymestrict the supply of light ener-
gy into the different depths of the sea [5].

Marine surfactants, that form a natural surface,fitonsist of organic and polar
molecules. Their main source are marine phytopamidxudates and degradation
products [6]. What is more a significant fractioinsoirfactants produced in plankton
cultures are not metabolic end products of exanefithese materials may be the re-
sult of rapid degradation of biopolymeric matetbgl bacteria or enzymes of bacteria
and as a result of condensation of low moleculagited exudates to form of sur-
face-active macromolecules [7]. While many of thpadicles are quite soluble (sur-
face active), they are likely to contain hydroplwofpioups (weakly surface active) [8].

Molecules of DOM are huge amount of organic compgisyichemically not entire-
ly classified. The best tool for identifying thesomposition is the 3D Excitation-
Emission Spectroscopy, based on the absorptiorlamescence properties of DOM
molecules. As was firstly reported by Coble [15¢ ttypical DOM components are
Marine Humic-like (peak M) and Humic-like (peaksahd C) fractions with their
ex./em. maxima around 310-390 nm and 260 and 34&0mim, respectively.

In the first step, our study consisted of perforgnthe spectrofluorometric meas-
urements of the 3D fluorescence spectra of seavgat@ples taken from a surface
film and a 15 cm top layer [9]. Then the researels w0 work out the obtained spectra
and to analyze the results [10]. During the crumsApril 2010, studies were conduct-
ed in different regions of Baltic Sea, to assessé&hthropogenic impact (estuaries,
proximity to ports and shipping lanes) on the maenvironment.

The primary scientific objectives were to inveatgythe variability of luminescent
properties of CDOM (surfactant) molecules contaiimethe surface layers of a sea.
Moreover, intention was to identify the specific OB molecules occurring in vari-
ous regions of Baltic Sea and estimate their canagon.
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2. EXPERIMENTAL

Water samples from a surface film were collectecalylass plate method. Sam-
ples from a 15 cm top layer were collected usingide container, properly charged
and partially immersed in the water. For the analyd luminescent properties
of an unknown mixture of dissolved organic compaundntained in the study sam-
ples the matrixes of Spectral Fluorescence SigedtsFS) were performed. The 3D
SFS spectrum is recorded as a matrix of fluorescenensity in co-ordinates of exci-
tation and emission wavelengths in a definite spéavindow. The characteristic
spectral structure of SFS is used for substanaggreon, while the intensity of fluo-
rescence serves as a measure of substance qiabfity

To record the 3D fluorescence spectra the spéatraimeter FLUO-IMAGER
M53b (LDI, Estonia; SCALAR, The Netherlands), ogarg in the UV and visible
spectral range, was applied. The optical systensistsmof a light source (xenon
lamps which emits light in the range 200-650 nm &hd diffraction grating
600 I/mm) and photomultiplier (recording emissiam205-730 nm). The spectrofluo-
rometric measurements of seawater samples werecaut immediately on board.

The 3D fluorescence spectrum, excited every 1 nuesga picture of emissions
peaks from the all components in a sample. Thesgwaoents are collected with pho-
tosynthetic pigments of phytoplankton and CDOM rmales (eg mainly humus).
Automatically performed, analysis of the recordpddira - using a library of primary
photosynthetic pigments and organic components -based on comparison
of the recorded 3D spectra with the reference §@itiHs
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Fig. 1. Map of measuring stations during a researalse located in (1) estuary
and (2) open sea regions of Baltic Sea.
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The all 3D fluorescence spectra recorded duringesearch cruise, carried
out in the open sea (Middle Shoal) and coastal ZGudf of Gdansk), revealed spe-
cific features attributed to these regions. Thémta 1 and 2 are chosen as the repre-
sentatives for estuary and open sea waters, résggctig.1.

Additionally, on every monitoring station, the sfand in situ measurements
of water salinity and CDOM and Chl concentrations contained in a surface layer
of a sea were performed by laboratory methods destin literature [12-14].

2. RESULTS AND DISCUSSION

How it was predictable, with the approach to coastthe water salinity decreased
and the concentration of CDOM and phytoplanktomagased [14-19].

Very interesting results, supporting the conclusiohthe above mentioned stand-
ard studies, have provided measurements of 3Ddho@nce spectra of seawater sam-
ples in UV and visible light. Fig. 2a and b shaws 3D fluorescence spectra in UV
spectral range of seawater samples taken from kyep in estuary and open waters,
respectively. In the open sea the low intensityhaf fluorescence signal - with one
dominant maximum at wavelengths 310-320 nm (exoitig#390-410 nm (emission) -
was observed, Fig. 2b. While in the coastal watbes band was much broaden
and a signal intensity was much stronger, and tltitianal maximum - in the band
355 nm (excitation)/400-450 nm (emission) — ocadirfég. 2a. Hence, in the samples
from open waters lower concentration of organicteranolecules was observed than
in the coastal waters. And in open water the lightection of CDOM — with the peak
shifted towards blue — appeared. While coastal mwattained both fractions
of CDOM: characteristic by slightly greater and #ievaatomic mass as well, ie with
a maximum shifted slightly toward red and blue,pesdively. According to Coble
classification [15] of marine CDOM molecules, imgaes from open sea the Marine
Humic-like fraction (peak M) dominated while in §ulaters an additional Humic-
like one (peaks A and C) gave a significant contrdm.

Additionally, the 3D SFS measurements of seawateptes taken from the estu-
ary and open sea waters were performed in theleisjpectral range and the results
for a surface film and a top layer are presentdeigs.3a,b and 3c,d, respectively.

Concentration of Cha in a surface film changed from 5.86 md/m estuary wa-
ters to 2.9 mg/fin open sea ones, while in a top layer it charfgech 6.34 mg/m
to 2.93 mg/m, respectively. Firstly, a greater concentrationGbfla was recorded
in coastal estuary waters of Gulf of Gd&, where mixing of seawater with fresh
water masses provides a constant supply of nustrieédécondly, a concentration
of Chla was a little greater in a top layer than in a &ceffilm; this applied to both
open and coastal waters. This could be explainetthéynorphology of Ché, which
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is part of the larger and heavier organisms (algabjch are living organisms, con-
stantly moving in water, reacting to light and tewgiure, and therefore prefer
to be in a water layer than in a surface film. Mer the fluorescence bands of @hl
with a maximum in 682 nm, induced by direct exditatof Chla (in 435 nm) and via
another accessory pigments (in a range 460-550rewerled that the same pigment
composition existed in samples taken from a surféiweand a top layer on one sta-
tion. What is more a pigment compositions in estuard open sea waters differed
from each other.
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Fig. 2. CDOM in a top layer, a) coastal waters andgen sea; stations 1 and 2.

The results of CDOM molecules concentration in afase layers, presented
in Fig. 3, showed that CDOM concentration in a acef film was a little higher
in coastal waters (1.97 mgfthan in open waters (1.54 mgjmFig.3a,b. As well
as in a top layer a concentration of CDOM was higheoastal waters (1.67 mgim
than in open sea waters (1.16 md/nFig. 3c, d. Hence greater concentrations
of CDOM, both in the open and coastal waters otiB&ea, were recorded in a film
than in a top layer.

It is known that one of the main sources of CDOMeuales in seawater are phy-
toplankton exudates and their degradation prodaratisorganic matter brought to sea
with river runoff. Lighter fraction of CDOM floatup in surface layers of the sea are
the main component of surfactants. Then they carmbged from the sea into
the atmosphere with aerosol droplets generatedviiné or transferred together with
the air masses from (or to) other areas of sedanois. However in the case of our
study stations, the 3D SFS spectra revealed the sanomophoric component com-
position contained in samples from a surface filnd & top layer. It indicated
the presence of the same molecules of CDOM, igir #ource, both in a top layer
and a surface film.
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Fig. 3. 3D SFS spectra of a surface film (a andrg) a top layer (c and d) in estuary
and open sea waters, stations 1 and 2, respe¢tsesyon a map on Fig.1.

3. CONCLUSIONS

The interpretation of spectrofluorometric measunetm@btained in a Baltic cruise
allowed dividing the study area, according to thiensity and shapes and positions
of spectral emission bands in 3D fluorescence specinto estuary (coastal zone)
and open sea waters. The representative for thezggens were stations 1 and 2,
respectively.
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Firstly, the spectrofluorometric measurements edrmut in UV spectral range
revealed, in samples from both Baltic regions,rangt and distinctive emission band
of Marine Humic-like fraction of CDOM while in esdry waters an additional strong
fluorescence emission band in a range 430-450 Rraited in a range 260-360 nm.
It indicated a presence in estuary waters Humie-filaction of DOM, i.e. anthropo-
genic impact into marine environment.

Secondly, our results revealed that the values®M concentrations were a lit-
tle higher in a film than in a top layer. In terofsthe Chla concentration, it was low-
er in a film than in a top surface layer, but thfedences were very small. These
differences between a surface film and a top laymth in open and coastal waters -
were insignificant for remote sensing techniquest issume the homogeneousness
of surface layer of seawater column. And hence addcconclude that calculated
inhomogeneities of the vertical distributions ofimescing molecules in the surface
layers of a sea were insignificant and did notciftae interpretation of remote imag-
es in studies of passive remote sensing sea surface

In the next stage of study is scheduled a crusambined with undersatellite re-
search that provide the spectra of light comingnfthe sea. Further, the larger data-
base of the optical parameters of sea surfacedayed the spectra of light registered
over the sea will help to assess the effect ofastahts on the light coming from
the sea.

Support for this study was provided by the proj8ettellite Monitoring of the Baltic
Sea Environment — SatBaltyk’ funded by EuropeamiJttirough European Regional
Development Fund contract No. POIG 01.01.02-22-09.1/

REFERENCES

[1] COSsoviIC B., VOJVODIC V., Voltammetric Analysis of Surface Active Substarinellatural
SeawaterElectroanalysis, 1998, 10 (6), 429-434.

[2] FREW N., GOLDMAN J., DENNETT M., SHERWOOD Jmpact of Phytoplankton-generated
surfactants on air-sea gas Exchand&Rr, 1990, 95, No. C3, 3337-3352.

[3] VAISHYA A., JENNINGS S.G., O'DOWD C.Wind-driven influences on aerosol light scattering
in north-east Atlantic airGeophys. Res. Lett., 2012, 39, L05805, doi:10.122P1GL050556.

[4] O'DOWD, C.D., FACCHINI M.C., CAVALLI F., CEBURNIS D., NRCEA M., DECESARI S.,
FUZZI S., YOON Y.J., PUTAUD J.PBiogenically driven organic contribution to mariaeroso
Nature, 2004, 431, 676-680.

[5] DARECKI M., STRAMSKI D., An evaluation of MODIS and SeaWiFS bio-optical athms in
the Baltic SeaRemote Sensing of Environment, 2004, No. 89, 3®-3

[6] ZUTIC V., COSOVIC B., MARCENKO E., BIHARI N.Surfactant production by marine phyto-
plankton Mar. Chem., 1981, 10, 505-520.

[71 RASHID M.A., Geochemistry of Marine Humic Compoun8gringer-Verlag, New York 1985.



32

(8]

9]

V. DROZDOWSKA N.L. FATEYEVA

LEENHEER J.A. Fractionation techniques for aquatic humic subs&s)an Humic Substances in
Soil, Sediment and Watezd. By G.R. Aiken, D.M. McKnight, R.L. Wershaw andNPacCarthy,
Wiley, New York, 1985, 409-429.

FALKOWSKA L., Sea surface microlayer: a field evaluation of teffdate, glass plate and screen
sampling techniques. Part 1. Thickness of micralagenples and relation to wind sped&dceano-
logia, 1999, 41 (2), 211-221.

[10] BABICHENKO S., LEEBEN A., PORYVKINA L., WAGT R., VOS-., Fluorescent screening of

(11]
(12]

(13]
(14]

(15]

(16]

(17]
(18]

(19]

phytoplankton and organic compounds in sea wateurnal of Environmentla Monitoring, 2000,
2 (4), 378-383.

BABICHENKO S., Spectral fluorescent signatures in diagnostocs dewanvironmentinstitute
of Ecology, 2001, Tallinn Pedagogical Universityhbfications 7/2001.

WOZNIAK B., OSTROWSKA M., Photosynthesis pigments: their individual opticabgorption
and fluorescence) propertieStud. i Mater. Oceanol., 1991, 59, 137-158.

DERA J., WZNIAK B., Solar radiation in the Baltic Se®ceanologia, 2010, 52 (4), 533-582.
KOWALCZUK P., STON-EGIERT J., COOPER W.ROBERT F. WHHEAD R.F.,
DURAKO M.J., Characterization of chromophoric dissolved organiatier (CDOM) in the Baltic
Sea by excitation emission matrix fluorescence tspmeopy Marine Chemistry, 2005, 96,
273-292.

COBLE P.,Characterization of marine and terrestial DOM in sgder using excitation-emission
matrix spectroscopyMarine Chemistry, 1996, 51, 325-346.

DROZDOWSKA V., BABICHENKO S., LISIN A.,Natural water fluorescence characteristics
based on lidar investigations of a surface wateretagolluted by an oil film; the Baltic cruise -
May 2000 Oceanologia, 2002, 44 (3), 339-354.

DROZDOWSKA V.,Seasonal and spatial variability of surface seawdligorescence properties
in the Baltic and Nordic Seas: results of lidar esqgments Oceanologia, 2007, 49 (1), 59-69.
DROZDOWSKA V, The lidar investigation of the upper water layerofleascence spectra of the
Baltic SeaEUR PHYS J-SPEC TOP 144, 2007, 141-145.

DROZDOWSKA V., PORYVKINA L., Temporal and spatial changes in the bio-opticalgedies
of seawater in the Nordic Seas - AREX'2003 and 20@6anologia, 2011, 53 (3), 731-743.



mercury, Salvinia natans, bacteria

Viktoriya FILYAROVSKAYA, Teodora M. TRACZEWSKA

RESISTANCE OF BACTERIAL STRAINSTHAT COEXIST
WITH MACROPHYTES SALVINIA NATANSTO
MERCURY (II1) IONS

Mercury is one of the most toxic heavy metals, Wwhdoesn't satisfy any biological functions in liv-
ing organisms. Microflora (bacteria and fungi asliwikes an active part in the transformation
of mercury in the environment. Apart from the dpilio methylation (eg, Pseudomonas spp) some
strains are able to reduce mercury compounds #ttikoform. Bacterial detoxification system encod-
ed bymer operon is traced in Gram-positive and Gram-negaliacteria. Bacteria coexisting with
macrophytesSalvinia natansvere isolated on nutrient agar, potato dextrose agd mineral glucose
(0,5%) base. Then pure colonies were applied toadignt plates (from 0,150 ppm to 0,300 ppm)
and incubated for 48 hours at 22 °C. Strains redistahigh concentrations of mercury Gram were
stained. This ability to detoxify mercury compourtidssolatile form can be ascribed to the use of bi-
oaugmentation of mercury-contaminated soil and sttpyf biological water phytoremediation.

1. INTRODUCTION

Mercury, which belongs to the group of heavy metales the sixth position
in the list of the most dangerous chemicals [4.dtganic compounds, e.g. methyl-
mercury, are characterized by a strong neurotdkécte[7]. Due to its properties this
metal (collectively with cadmium and lead) did fdlfill any physiological functions
in living organisms.

Mercury has unique properties (it occurs in a ligstate at room temperature,
the volatile elemental form) and is characterizeg @@ high toxicity depends
on the form of occurrence of heavy metal in theimmment. The most toxic forms
of mercury are methyl derivative compounds, theyoohes that actually have
the ability to become involved in the food chainethlylmercury is characterized

" Wroctaw University of Technology, Institute of Branmental Protection Engineering, Wybtee
Wyspiaiskiego 27, 50-370 Wroctaw, Poland.
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by neurotoxic, nephrotoxic and teratogenic effeamdergoes bioaccumulation
and biomagnification, which increases the risk okidity to living organisms.

The least toxic form of mercury is elemental meyc(iig®). Therefore, extremely
important task aiming at reduction of hazardous paumds is the transformation
of the mercury to volatile form.

Two major categories of mercury sources are natugaburces accumulated
in the earth's crust in the form of minerals (etpreel) and anthropogenic mercury
sources.

Natural processes of mercury emissions include:

* erosion of minerals containing mercury;

* processes of weathering and sedimentation;

* volcanic eruptions [4].

Anthropogenic sources include the production dftiigg (mercury lamps), battery,
chlorine, caustic soda, dental materials, measuremed control equipment (ther-
mometers), processes of gold and silver amalgamatitd coal combustion pro-
cess [3].

In addition to the above-mentioned sources a sagmit role in the accumulation
of heavy metal in the environment plays mercurymigsion. The primarily sources
of remission are: liquid and solid industrial wast#lected from landfills (batteries,
thermometers, barometers, cables, lamps) and setdif@med as a result of indus-
trial discharge into surface waters [3].

The high mobility of mercury, industrial demand ahih toxicity determines
the need to take the necessary action to reducgsems of mercury in the environ-
ment.

The alternative methods of cleaning the environnaeatfphytoremediation and bio-
remediation [6]. Some microorganism have abilityréaluction organic compound
to volatile form.

Therefore, studies attempted isolation of bactéwan Salvinia natansresistant
to mercury for later use in supporting the proadgshytoremediation.

2. MATERIALS AND METHODS

The test material consisted of river pleustoptadvinia natangFig. 1). Floating
fern was collected during the growing season froen@dra river (Wroctaw).

To tests was selected healthy subj&atvinia natansand following actions were
taken:

1. shaking in an ultrasonic bath in physiologicdugon for 15 minutes;

2. shaking in an ultrasonic bath in the sterileiltesl water for 15 minutes;

3. sterile homogenisation of biological material;
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4. making a dilutions series (from™@ 10) and inoculation on the bacteriologi-
cal medium;
5. making the fingerprints leaves and roots of thgabrganisms on the medium.

Fig.1.Salvinia natansn the natural environment.

After that the plates were incubated at 22 °C @rhéurs. During the tests were
examined three bacteriological medias: nutrient,ggatato agar and mineral medium
with 0.5% glucose.

Fig. 2. The gradient platdsfrom 0,15 mg Hg/drhto 0,30 mg Hg/dr).
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The bacteria susceptibility to mercury was deteaditby backing plates with
a mediumcontaminatedwith mercury solution 0.15 mg Hg/dm3 ((Hghg. Then,
to check the minimum inhibitory concentration ofetlgrowth of microorganisms
the purified culture resistant to mercury inoculatéo gradient plates (from
0.10 mg Hg/dm? to 0.15 mg Hg/dms3; from 0.10 mg Higfdo 0.20 mg Hg/dm?® and
from 0.15 mg Hg/dm3 to 0.30 mg Hg/dm3) (Fig. 2).

3. RESULTS AND DISCUSSION

In tested medias the best growth of bacteria wasacterized by a nutrient agar
medium, but for validating results it has beenatgd, due to the presence of protein
in the composition. For further testes mineral medwith glucose (0.5%) was select-
ed. In this medium mercury is most likely availafde microorganisms.

Both bacteria isolated from plant surfaces andnitrogenate from plant showed
resistance to heavy metal.

Table 1. Preliminary identification of strains itaint to mercury

Initial
Number | Place of collec- Resistant to Resistant to identification of G4/
of strain tion 0,15 mgHg/dm | 0,30 mgHg/dm |  the shape of
bacteria

The homogenate .
1 +++ ++ Cocci +

from the plant 1
The homogenate

2 +++ ++ Cocii +
from the plant 2
3 Leaf of plant 1 +++ + Bacilli -
4 Root of plant 1 +++ + Bacilli -
5 Root of plant 2 +++ ++ Bacilli -
Shaking with
6 ultrasound (plant +++ + Bacilli -
4)
7(10) Leaf of plant 4 +++ + Bacilli -
8 Leaf of plant 5 +++ + Bacilli -
9 Root of plant 3 +++ ++ Bacilli -
10(13) Root of plant 4 +++ ++ Bacilli -

50 strains were isolated, of which 25 were chareetd by resistance to mercury
concentration of 0.15 mg Hg/dm3. To optimize furthesearch the 10 most resistant
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ns were selected (minimum inhibitory conceidra of bacteria growth -

0.30 mg Hg/dm3. All the strains were Gram stairi&Po were Gram-positive cocci,
80% Gram-negative bacilli (tab. 1).
Because of good growth of bacteria on the gradgiates the minimal concentra-

tion

The

of inhibition growth was selected - 0.30 mg/éig3.

4. CONCLUSIONS

50 strains were isolated, of which 25 were charemd by resistance to mercu-
ry concentration of 0.15 mg Hg/dm3. To optimizetifier research the 10 most
resistant strains were selected (minimum inhibitooyncentration of bacteria
growth - 0.30 mg Hg/dm?).

all the bacteria resistant to the highest conctatraf mercury were Gram +
(80% of the bacilli), which may be associated wiita cell wall structure;
whether the bacteria isolated from the rhizospledrplants and bacteria col-
lected from the surface and from the homoger@aévinia natansshowed
resistance to a given heavy metal,

the obtained strains, after making a series ok t@dentification, assessment
of selected enzymatic activity) can be ascribedrtattractive material for bio-
augmentation the phytoremediation of water polldtgdons mercury (II).

study done by the MNISW project titled "Evaturatof the efficiency

of phytoremediation of polluted water of mercuty fleustophyte Lower Sile-
sia Nr N N523 612139.
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Enhanced Biological Phosphorous Removal (EBPR),
Phosphate Accumulating Microorganisms (PAO),
Denitrifying Phosphate Accumulating MicroorganisdBAO)

Ewa GALAS, Katarzyna PIEKARSKA*

THE PHOSPHATE ACCUMULATING MICROORGANISMS

Phosphorus and nitrogen are the major factors térveautrophication. For many years it was thought
that both of those elements are equally respongiblthe eutrophication process. A study conducted
by Schindler showed that phosphorus is the faatatihg the growth of algae [1]. It becomes harm-
ful for the living organisms to inhabit the aquaginvironment due to excessive growth of phyto-
plankton organisms in the water, which is goindpéounfit for human consumption. For that reason,
it is crucial important to pay special attentiontbe reduction of phosphorus inputs into the serfac
water. This article provides preliminary results@dearch on the biodiversity of PAO’s bacteria.

INTRODUCTION

Phosphorus is an important macro mineral necessatiie proper functioning
of every organism.lIt is also the most important element respondittesutrophica-
tion. In water it is observed that the concentrattalume above 0,1 ga[m"’ intensi-
fies algae growth. The maximum concentration of gporus allowed in treated
wastewater being introduced into the surface wiatdr.0 gP/m (or 90% reduction)
for the population equivalent of more than 10000Babitants. For the comparison
in Canada, the concentration of phosphorus in dckatvastewater discharged
to the receiver must be in the range of 0.3-0.5nd#2]. In order to prevent eutrophi-
cation the efficiency of wastewater treatment nmhestimproved and the regulations
of allowed concentration of phosphorus discharged surface water should
be strengthen. The phosphorus concentration inwastewater ranges from 5 g B/m
to 20 gP/m, lower concentrations are observed in the effeidmdm areas where
detergents without phosphates are used. It is Rribat phosphate derived from

* Wroctaw University of Technology, Institute of Enonmental Protection Engineering, Wybiee
Wyspiaiskiego 27, 50-370 Wroctaw, Poland.
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detergent amounts from 50% to 75% of the total einof P in wastewater [3].
So, itis important to introduce a control systeomsisting in reducing the consump-
tion of detergents containing phosphates or tendhé&r total withdrawing from
the use. This system could contribute to a sigaficreduction of phosphorus load
into wastewater.

1. PHOSPHORUS REMOVAL FROM WASTEWATER

Phosphorus compounds can be removed from wastetateiological, physico-
chemical and chemical methods. Currently, bioldgmathods are the most popular.
They are based on the liveliness of activated g@udgroorganisms. In conventional
activated sludge methods heterotrophic bacteriaimseanic compounds, mainly
nitrogen and phosphorous, as an energy sourcegntbesize necessary materials
as building blocks of their biomass charge from se&vage. This process is called
“simple assimilation” and it allows the removal 29 to 30% of phosphorus from
wastewater. The effectiveness of biological phogpha@emoval capacity can be in-
creased by using specific heterotrophic bacteri® RRhosphate Accumulating Mi-
croorganisms) to excessive phosphate accumulatitheir cells [4, 5].

1.1. THE ENHANCED BIOLOGICAL PHOSPHOROUS REMOVAL - EBPR

Enhanced Biological Phosphorus Removal (EBPR) ésntiost promising method
used in wastewater treatment. This process rexj@lernating anaerobic-aerobic
or anaerobic-anoxic conditions, which allow selmttiand development of specific
microbes PAO. Those microorganisms are primaryaresiple for the EBPR process.
Phosphate Accumulating Organisms accumulate extesphorus in the form
of polyphosphate under alternating anaerobic-aerali anoxic conditions. Under
anaerobic conditions the volatile fatty acids apecabed and stored inside the PAO
bacteria in the form of polg-hydroxyalkanoates (PHA). This transformation gener
ates energy mainly from the disintegration of pblygphate, which causes the release
of phosphate from the cells and increase of itxentration in wastewater [2, 5, 6].
Under aerobic condition, PAOs are able to use thteired PHA as energy source
for biomass incrementation, glycogen replenishmeimbsphate uptake and polyphos-
phate storage (fig. 1). The intensity of this pssés significant. The total amount
of phosphates collected from wastewater is highan the amount ejected in the an-
aerobic condition [7].
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Fig 1. Metabolism of PAO under anaerobic and aerab@Xic conditions, Smolders et al (1994).

. -
! Mew Cellmass

POS PO

H:OMN2  02/NOs

2. THE PHOSPHATE ACCUMULATING MICROORGANISMS (PAO)

There are many types of bacteria able to store phluras as polyphosphates
in special granules. For many years ScientistsghbthatAcinetobacter spstrain,
discovered by Fluhs and Chen in 1975, is solelpaesible for the EBPR process.
However, subsequent studies revealed that it ish@obnly one or even the dominant
strain [8, 11].

In the last decade the identification of PAOs ha@eded through the use of mo-
lecular techniques. The use of this methods shatvatl a high diversity of PAO
bacteria are present in lab and full-scale EBPRg&13].

A research performed by Eschenhagen et al. (2003jrmed that not only one
specific organism is responsible for the EBPR. Bgrihe study, they compared
the PAO bacteria coming from samples of activatedge from two laboratory plants
with different methods of operation: one plant wasking in anoxic/oxic condition
with EBPR process without nitrification, the othHarPhoredox system with EBPR,
nitrification and denitrification processes. In bhglantsTetrasphaera spplominated
the PAO community. A small amounts Mficrolunatus spp. and Rhodocyclus group
were detectedThe microbiological analysis was carried by flueesce in situ
hybridisation (FISH)and 16 S rDNA method. Authors underline that thpeapance
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and the dominance of the PAO community is probatagtrolled by the chemical
and technical parameters of the wastewater treatphants.

Bond et al. (1995) used the phylogenetic analysiE6& rRNA to observe differ-
ences in bacterial community structure between gitte and non-phosphate remov-
ing sludge. Th&khodocyclugroup from subclass of thieProteobacteriarepresented
a in the phosphate-removing community. Their cosioluls were supported
by the observation of an abundance Rifiodocyclusbacteria using FISH method
in other sludges samples from good EBPR processésrmance [10].

Hesselmann et al. (1999) in their research sugdelséd thes-Proteobacteriasub-
class should be named ‘@&andidatus Accumulibacter phosphatisis closely related
to RhodocyclusHesselmann et al. (1999), Crocetti et al. (200@) kiu et al. (2001)
shown ahighly amount of Accumulibacterin many research carried in lab-scale
sludge. Similar results were obtained in full-scaledge from different countries
across the world. In all of studies taken by e.g.dt al. (2005), Wong et al. (2005)
and Kong et al. (2004)Accumulibacterspecies was present in relative abundance
from 4 to 22% of allbacteria As a conclusion, théAccumulibacter was stated
to be an important ospecies contributing to P reahowEBPR plants [12].

Now is known, that the bacteria able to accumubdiesphates belong to the fol-
lowing classes:a-Proteobacteria, s-Proteobacteria,y-Proteobacteria, Bacteroidia,
Actinobacteria. Senior and Dawes (1973) created a list of moemn tBO strains
of bacteria accumulating polyphosphate. Among theame strains are considered
to be able to accumulate the largest quantity tfghmsphate, which arécinetobac-
ter calcoaceticus, Areobacter aerogenes, Azotobaddis, etc. Acinetobacter john-
sonii and Microlunatus phosphoor{, 10].

The research on bacteria PAO and dPAO biodivessibuld be continued to aspire
to connect specific organisms to their functiorthie Enhanced Biological Phosphorus
Removal process. The results of those observati@ysbe useful to increase the effi-
ciency of EBPR process.

3. PRELIMINARY STUDIES.

The aim of the study was to isolate potential PAg@téria from activated sludge
and to carry out their preliminary identificatiofihe sludge used in the study comes
from Migdzybdrz Wastewater Treatment Plant working in SB&esn. The samples
were taken from oxygen stage. To isolate potebaateria PAO, it was used a meth-
od of early induction of excessive phosphate ino@afon. Calls were grown for 7
days at 20 °C on the acetate substrate with trdememts [14]. As a result
of the research, 25 different bacterial isolategiiss were obtained.
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The Albert's stain technique was used for iderdtifan potential PAO bacteria(-
negativ, + positive). This method allows to detbet presence of polyphosphate parti-
cles inside the cell. Th&ram stain method was used for determine the mdogio
of isolated cells. The results are shown in tab 1.

Table 1. The results of preliminary studies.

Stain number Albert's method Gram method Shape
r + Gram - Cocci
’ - Gram - Cocci
3 + Gram - Rod
4 + Gram + Cocci
5 + Gram - Cocci
6’ + Gram - Rod
7 - Gram - Cocci
8’ + Gram - Cocci
9’ + Gram - Cocci
10’ + Gram - Rod
1r + Gram - Cocci
12’ + Gram - Filamentousk
13 + Gram + Rod
14 - - -
15’ + Gram + Rod
16’ + Gram + Rod
17 - Gram - Rod
18’ - Gram + Cocci
19’ + Gram + Cocci
20’ + Gram - Cocci
21 - Gram + Cocci
22’ - Gram + Cocci
23 + Gram + Rod
24 + Gram - Cocci
25’ - Gram + Cocci

In the figures 1 and 2 are shown the results ofeAlb staining (black granules
of polyphosphate against in green cytoplasm).
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Fig. 2. Strains No. 1' and 20' contains seeds lyphosphates.

After determining the morphological characteristios PAO strains, the study
of the ability of bacteria to bio-accumulate polggphate was started. The results will
be compared with literature data.

CONCLUSIONS

For many years Scientists thought that only oneugrof bacteria PAO has
the ability to excessive phosphate accumulatioceifs. However, a study of the bac-
terial biodiversity, using genetic engineering @ehthis thesis. Bacteria responsible
for the EBPR process may be a heterogeneous groap, be also characterized
by a significant variation in biodiversity durine process. The preliminary studies
confirmed that the PAO bacteria are a heterogeng@mugp.

Therefore, it is very important to continue theeiagh on bacteria PAO and dPAO
biodiversity and to aspire to connect specific aigas to their function
in the Enhanced Biological Phosphorus Removal m®céhe results of those obser-
vations may be useful to increase the EBPR proe#fgsency, which will reduce
the amount of phosphorus discharged to the receawel consequently, will improve
the quality of water resources.

The research was co-financed by the european union in the european social fund,
program “Mtoda Kadra”
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phytoremediation, mercury, toxicity, bioaccumulatio

Anna HOLTRA* Dorota ZAMORSKA-WOJDYLA*, Teodora M. RACZEWSKA*

THE INFLUENCE OF MERCURY ON SALVINIA NATANS

Treatment of mercury contaminated water was carged with the use ofSalvinia natans
derived from the artificial plant-breeding and frélne environment (Otawa river). The negative influ-
ence of mercury on plant organisms was evaluatati®basis of biomass growth changes in the phy-
toremediation process of water contaminated wift6@, 0.200 and 0.300 mgHg/dnThis assess-
ment has been confirmed by studies of photosyrgtpgments and total protein content in plants.

1. INTRODUCTION

The problem of environmental degradation causethd@ypollution load tends to look
for ways of limiting their negative impact on théotit components of ecosystems
and eliminating the health risks, stemming from anrexposure to chemical contami-
nants. Metals are accumulating in the food chaénch the organisms of higher trophic
levels are particularly vulnerable to toxic effectgised by their presence. Mercury occurs
in different chemical forms. It is an element gpaticularly high biochemical activity,
affecting its presence in various environmental paments [1].

One way of limiting the migration of mercury in theguatic environment may
be the process of phytoremediation, allowing treadiumulation and phytoevaporation
[2]. Accumulating the pollutant in the pool of amtgphic organisms and utilizing the bio-
mass can break the cycle of metal circulation alwith the matter in ecosystems.
The plant species capable of bioaccumulating #ra@hts exceeding the regulatory levels,
toxic metals in particular [3-11], are used to mmize the occurrence of contaminant
in the water. Among the aquatic plants in Polavidch are characterized by high speed
and high efficiency of bioaccumulation of heavy algtare pleustophytes bémna sp.
as well asSalvinia natansSalvinia natansnay be capable of releasing a volatile form
of an element in the atmosphere (phytoevaporation)iew of the existing threat, which

* Wroctaw University of Technology, Institute ohiironmental Protection Engineering, Wyhiee
Wyspiaiskiego 27, 50-370 Wroctaw, Poland.
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is mercury(ll)-contamination of the waters of Loweitesia (Czarna Woda, Kaczawa)
[12,13], it is reasonable to usemnasp. AndSalvinia natansthe vegetation of the Odra
river, in the treatment of the aquatic environm&hese organisms are tolerant to tempera-
ture range and the insolation during the vegetatiason in Polish conditions.

2. METHODOLOGY

The preliminary research aimed to optimize theuraliconditions for autotrophic
organisms to the Polish climate zone in the vepetateason (average temperature
22 =10 °C, humidity 30 + 2%, temperature of thdew®0 + 10 °C). The organisms
from the specified specieSalvinia natansfrom artificial plant-breeding, selected
on the basis of preliminary morphological evaluatizvere used in the study. Experi-
mentswere also carried out on plants from Otawarriharvest point: Na Grobili
in Wroctaw).

Organisms were collected in the end of the vegetateason - harvest in autumn
of 2011 (in the case of plants from environmeng thature plants with developed
sporangia). After the selection, the plants werdtuoed in Hoagland medium
with the following composition: KN@ — 1.02 g/dm, Ca(NQ),x4H20 -
0.71 g/dm, NHH,PO, — 0.23 g/dm, MgSQx7H,0 — 0.49 g/drfy MnClLx4H,0 —
1.81 mg/dm, 3H;BO; — 2.86 mg/drfy CuSQx5H,0 — 0.08 mg/dr) ZnSQx7H,0 —
0.22 mg/dm, MoO; - 0.09 mg/dmy FeSQx7H,O0 (0,5%) -
0.60 mg/dmi [14]. Hoagland medium was made on the basis oistited water
and contaminated with mercury salt Hg(jOThe pH of pure Hoagland medium and
mercury contaminated solutions was of 4-4.5.

The biological material (calculated per fresh mateeere introduced into reactors
containing water contaminated with mercury at cotregions of 0.150, 0.200
and 0.300 mgHg/diand the control sample (uncontaminated medium). ga@h
concentration, the experiment was carried out ird@p cycles. The selected days
of the experiment (3rd, 6th, 10th, 13th, 17th afith2lay) were adjusted in a separate
reactor (stationary culture). Gradually, after theheduled time, the plants were
as a whole recovered from the reactor and underttentelevant physicochemical
and biochemical analysis. Biological studies (dateation of photosynthesis
pigments and total protein content in plants) aldwo assess the physiological
condition of the plants in selected culture comdlis [14-15].

Chemical and biological analysis was performed aedified Laboratory of Toxi-
cology and Environmental Research in the Instibft&€nvironment Protection Engi-
neering at the Wroclaw University of Technology.
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3. RESULTS OF INVESTIGATIONS

The study of the dry matter changes Sdlvinia natans(the artificial plant-
breeding) indicates the increase in the culturecatcentrations of 0.150 and
0.200 mgHg/dry similarly as in the control (uncontaminated Haagl medium cul-
ture).

This tendency is observed until the 6th day ofdkperiment, whereas in the suc-
cessive days the dry matter is maintained at atanhsevel. At the concentration
of 0.300 mgHg/drhno increase of dry matter was observed (Fig. 1).
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Fig. 1. Changes in the dry matter content duringptihgoremediation process
(the artificial plant-breeding).

Quantitative change (increase/decrease) of dryemattrelation to the initial value
(Fig. 2) shows an increase in the biomass up tog2r the cultures contaminated
with 0.150 and 0.200 mgHg/dmin the case of 0.300 mgHg/drooncentration dry
matter levels did not change during the experiment.

In the case of the plants from Otawa river in therenry contaminated culture,
a slight difference is observed in the increasalriyn matter during the first week
of the experiment (up to 0.5 g of dry matter), spectively of the concentration
of metal in solution. Due to the maturity 8alvinia natangetrieved from environ-
ment, the change of the dry matter in control saklatively small in comparison
with the plants from artificial plant-breeding. e artificial conditions plants do not
develop sporangia and are able to reproduce théewear.
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Fig. 2. The change in the dry matter of phytoremtaln process
(the artificial plant-breeding) with respect to dagyro.

The photosynthesis pigment contents in artificlahpbreeding (Fig. 3) confirmed
the negative impact of mercury not only on the dgtowf dry matter, but also
on the content of chlorophyll type a and b in ptatowever, compared to the con-
trol, the amount of chlorophyll is greater thantla¢ beginning of the experiment
(on the 3rd day of the cultivation at 0.150 mgHg&dinis almost 0.25 mg chloro-
phyll/g of fresh matter). The decrease of pigmextsve in the photosynthesis pro-
cess was observed only on the 20th day.
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Fig. 3. Changes of the content of chlorophyll a knd artificial plant-breeding
compared to the control.
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The photosynthesis pigments content in the plantsmf Olawa river
is up to 0.10 mg chlorophyll/g of fresh matter gectically does not change during
the course of the experiment [16]. Compared wite tontrol, there is a slight
decrease in chlorophyll content of up to 0.05 mdpraphyll/g of fresh matter.
The level of pigments content in control is compéao the samples contaminated
with mercury, what may indicate the transition ojanisms into sleep period.

incremmefloss oftotal protein content
[mg of total proteinedg of fresh matter]
o

0. 150 mgd'dm@ 10200 mgédm3 10.300 mgédim3
mercury s olution concenration

Fig. 4. Changes of total protein content in arigfiplant-breeding compared to the control.

CONCLUSIONS

1. The plants with the artificial breeding adapted the conditions created
in the experiment.These plants are capable of yeard sit-breeding (continuous
growth) without the transition to the sleep peridtiese plants lost the ability to pro-
duce sporangia.

2. The river plants generally responded worse goctianging conditions of breed-
ing, after having been transferred from breedingthte laboratory conditions.
The plants were mature organisms (harvest in thenau of 2011) with sporangia,
slowly entering the sleep period.

3. The dry matter increase (the artificial plantdating) in contaminated Hoagland
medium with mercury concentrated at 0.150 and 0.2@Mg/dni is comparable
to the control (uncontaminated Hoagland mediumucejt Changes are observed
until day 6 of the experiment (the maximum increade2.5 g of dry matter),
on the following days no dry matter changes arenasl. The 0.300 mgHg/dmon-
centration does not affect the growth of biomdass,amount of biomass is constant.
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4. In the case of river plants cultivation, the ouey concentration in the water
and the duration of the plants exposure to metahénsolution did not significantly
alter the amount of dry matter (the maximum inceeaas 0.5 g).

5. The chlorophyll a and b contents in artificidhmi-breeding in comparison
to the control is higher in all cultures contaméthtvith mercury up to the 20th day
of the experiment and equals a maximum of 0.25 higraphyll/g of fresh matter
on the 3rd day of the experiment at concentratiwn$50 mgHg/dmi On every day
of the experiment there was a gradual decreaseh®fpigment content active
in the photosynthesis process observed in the fregter of plants from the artificial
breeding.

6. The photosynthesis pigment content in the fragkter of the rivers plants can
be estimated at approx. 0.10 mg chlorophyll/g e&lfr matter in all cultures during
the experiment period, including the controls. Whigigard to the control, the content
of the chlorophyll is reduced by 0.05 mg chloropigybf fresh weight in the phy-
toremediation process.

7. The total protein content in the artificial pisstoreeding compared to control
during the experiment (except for day 20) is mak.nig of total proteins/g of fresh
matter greater on the 6th day.

8. While assessing the influence of mercury on phants during the course
of the experiment, an increase of dry matter infttst week of culturing was ob-
served at lower concentrations of mercury in theti&m. Longer exposure of plants
to mercury does not cause further changes. This Imeagssociated with declining
physiological condition of the plants, which is icated by the results of total protein
and chlorophyll content.

The study was conducted under a grant No. N N523 34 “Evaluation of the effec-
tiveness of phytoremediation of mercury(ll)-contzeéd water by pleustophytes
in Lower Silesia”
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Anna HOLTRA, Dorota ZAMORSKA-WOJDYLA

USE OF LEMNA SP. AND SALVINIA NATANSIN
BIOREMEDIATION OF AQUATIC ENVIRONMENT
CONTAMINATED WITH METALS

The reduction of contamination in aquatic environteerequires the elimination of hazardous sub-
stances in an environmentally friendly way. Fostpurpose, the process of phytoremediation makes
use of plants capable of accumulating toxins in@m® exceeding their nutritional demand. The final
effect of the process is bringing the contaminaggdatic environment to a condition acceptable
by legal regulations. Phytoremediation may be dsedlecontamination of water environments with
low excess of contamination levels. This articlegents the effectiveness of bioaccumulation of met-
als by aquatic plants demnasp. andSalvinia natansspecies native to the territory of Poland.

1. INTRODUCTION

Excessive water contamination is the ecologicablemm that affects water re-
sources all over Poland, in particular in the indakzed regions. Phytoremediation
allows the ecosystems to recover their lost vallige.legitimacy of using native plant
species in the phytoremediation process stems trwn tolerance for the climate
conditions of the particular region, thus allowifay higher efficacy of the process
at relatively low financial expenses. In Polandang$ of established capabilities
for bioaccumulation of numerous toxic substancesichv can successfully be used
for phytoremediation, includeemnasp. Cemna minor and Salvinia sp. Salvinia
natany. Both pleustophytes species occur in the growingodein stagnant
water (oxbow lakes, ponds) and running water, mly at the edge of reser-
voirs and among another aquatic vegetation. Thizsespprefer eutrophic res-
ervoirs of water.

* Wroctaw University of Technology, Institute of Enehmental Protection Engineering, Wyhiee
Wyspiaiskiego 27, 50-370 Wroctaw, Poland.
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Determination of optimum process conditions, aseess of the effectiveness
of bioaccumulation of toxins and investigation bé tmechanisms of hazardous sub-
stances biodegradation are important aspects ofrdBearch process. Currently,
the effects obtained with the phytoremediation mdtlare not always comparable
to those achieved with physicochemical methodsrgetion, chemical precipitation,
ion exchange, etc). This environmentally clean andrgy-saving technology may
currently be a supplement of the conventional nathowith the perspective
of becoming an alternative to them in the near rluturhe principal advantages
of phytoremediation are low capital expenditurenimum interference with the exist-
ing environmental conditions, as well as the gdregsproval of public. Phytoremedia-
tion entirely eliminates the need to introduce cloaicompounds requiring further
processing or storage. A significant asset is tresibility of performing phytoremedi-
ationin-sity, i.e. in locations where the contamination is gatesl, thus reducing costs
of transportation and expences related to the maamce of the treatment plant.

Phytoremediation has significant limitations susttte requirement to use shallow
water reservoirs. A significant drawback is that #low plant growth affects the rate
of water treatment. Overly excessive contaminatiemels may damage plants
and cause the toxic metal to enter circulatiomapltic chains. On the contrary, distri-
bution of toxins in the pool of various organismaynsolve the problem of local envi-
ronmental pollution [1-3].

2. THE PRINCIPLE OF THE PHYTOREMEDIATION PROCESS

Phytoremediation uses the plants’ natural capsdslito acquire, accumulate
and biodegrade contaminants. At concentrationsedosthose defined in standards,
toxins are easily accumulated in the walls of ptagils. Unfortunately, high emissions
of various pollutants into the environment resulttihe natural levels of hazardous
substances being significantly exceeded, increatsiagharmful effect of these sub-
stances on the organic matter, and thus on thedpisn process. In order to achieve
quick recultivation of the contaminated environmesiint species need be selected
according to their toxin uptake capabilities. Pigtoediation should be completed
at the plant development stage, when the concemtraf compounds in the biomass
is at its highest. Organisms used for phytorememiahust be characterized by high
accumulation of toxins and tolerance to high tox@oncentrations, salinity
and the presence of other contaminants. In additioay should be characterized
by high biomass growth and capability of transfegritoxins from the roots
to the overground parts of the plant, allowing thoe possibly most effective elimina-
tion of hazardous substances from the contamiretgsionment along with the plant
material. One of the techniques of surface watgtggemediation, rhizofiltration,
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makes use of plants with roots just below the wsteface. It is based mostly on em-
ploying the plant roots zone in the uptake, accatut and biodegradation of toxins
within plant tissues (with limited ability to trgmert the absorbed ions to overground
organs) [4-8]. Due to their low content of augmém&atissue L.emnasp. andSalvinia
sp. display above-average capability to accumutatie substances.

3. THE PROBLEM OF METAL CONTAMINATION
IN POLAND AQUATIC ENVIRONMENT

The effects of toxic substances on the aquatic renment are associated
with the chemical form of the toxin, its propertiéts amount and water conditions
(pH, hardness, dissolved oxygen concentrationd slispensions content, presence
of chelating agents and mineral acids) [9]. Highpamtance is also attributed
to the presence of other elements and substareageeactions between these entities
may lead to changes in the toxic character of @émdiqular contaminant. Due to the
advanced development and industrialization of Rblahe natural aquatic levels
of contaminants, particularly heavy metals, areeeged, leading to environmental
degradation. The presence of hazardous substamt¢be Bqueous environment may
also stem from the natural presence of these congson geological formations.

The copper levels measured in the reservoirs of Libgnica-Gtogéw Copper
District were reported to be above 500 mgCujdwhile the natural river water con-
tent of copper is 1-2 pg/dni9]. The Voivodship Inspectorate for Environmerab-
tection [10] report arsenium on water conditiond.ower Silesian Voivodship con-
tains information on high concentrations of arsearid mercury, severely exceeding
the geological background levels in the rivers Kaea and Czarna Woda. In 2005,
the respective excesses were 63 and 123 mgAsidoh 2.01 and 1.40 mgHg/dm
Excessive heavy metal contamination was also obdern the river Sleza
(264 mgCu/dm - background level 7 mg/din437 mgzn/dmy, 37 mgCr/drm). Arse-
nic, barium and copper excesses were measuree irivier Odra within the borders
of Lower Silesian Voivodship. Emission of metal-beg dusts from the metallurgical
industry in Lower Silesian Voivodship was 114 tiyeahich leads to a significant
amount of metals entering surface waters with apinesc precipitation [9]. The lev-
els of metal elements in surface waters are alBseudd by the metallurgical, mining,
paint and paper industry, together with agricultimeensification measures associated
with the use of fertilizers and pesticides. A siigaint problem is posed by leaks
and waste oozes from community and industrial weitposal sites. Cadmium con-
centration of 5.2 mgCd per kg of soil was reporiedthe landfill vicinity areas
in Ciechandw [11]. Wastewaters discharged intoamgrfvaters from various industri-
al plants are characterized by high heavy metal kad low content of biogenic ele-
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ments, which raises difficulties in their biolodicaecontamination. In 2005,
the wastewaters from the KGHM plant (ZGW water timgnt plant in Legnica) con-
tained up to 0.25 mgHg/din with the permissible average daily limit
of 0.1 mgHg/dm[12]. In 2010, the Voivodship Inspectorate of Eowmental Protec-
tion in Katowice presented a report on the excedumdn (hon-metallic element)
levels at Potok Gotawiecki measuring point (atMa Wista estuary), ranging from
1.34 to 4.63 mgB/din(average of 3.317 mgB/d)n[13]. Significant contamination
with boron was observed in the waters of the nayér water-bearing system
in the region of the dumping grounds from the theing liquidated chemical plant
“Tarnowskie Gory” (up to 240 mgB/dhin the Quaternary water-bearing layers and
up to 116 mgB/drhin Triassic layers [shell limestone]) [14]. Boraoncentration
in the pre-treated copper industry wastewaters (KIAkegnica) was 3.58 mg B/dim
[9]. According to Lis (unpublished data), the waterBiata Przemsza and Czarna
Przemsza rivers display boron concentrations of 5@@- pl/dni (average
of 125 pl/dm) [9].

4. THE EFFICACY OF AQUATIC ENVIRONMENT DECONTAMINATON BY
NATIVE PLANTS LEMNASP. ANDSALVINIANATANS

Lemnasp. andSalvinia natanglants are pleustophytes with high tolerance no-te
perature ranges and the level of insolation duthey vegetative period in Poland.
They are characterized by high capability to acdateuthe contaminants and by fast
and relatively steady growthemnaceapecies are known for their capability to elim-
inate nutrients and organic substances [15,16hensons [17,18] and various trace
elements [4,19-21] from water. Studies of the bipgson efficacy in Poland’s condi-
tions confirmed thatemna minomwas efficient in phytoremediation in relation td,C
Pb, Zn, Cu and Ni [22]. In additiohemna minorandLemna gibbagroved to be good
bioaccumulators of boron in waters with low concatibn of that element.emna
minor was efficient in decontaminating waters at conegiuns of 0.01, 0.11 and
1.01 mgB/dm, with the maximum biosorption of 32@B/g of dry matter [23]. Frick
[24] showed the impact of pH on bioaccumulatiorbofon. At pH of 5.0L.emna mi-
nor tolerated aquatic boron levels up to 20 mgBYdmthout symptoms of growth
inhibition. Toxic effect of boron at concentratiofi 20 mgB/dm was observed only
after three days of plant exposure. At pH of 4.0 ¢@gB/dni) and after seven days
of exposureL.emna minoraccumulated 0.093 mgB/g of fresh mass (148% coaapar
to control), while at pH of 7.0 as much as 0.25Bygf fresh mass (525% compared
to control). Biosorpion of boron byemna gibban waters with boron concentrations
of 0.3 to 10 mgB/drhproved most efficient for concentrations below @BfunT [25].

At the end of the experiment, the boron contentissues was 930 to 1900 mgB/kg
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of dry matter. The maximum efficacy of bioaccumigiatof boron byLemna gibba
equaling 40%, was observed during the first twosdafythe experiment [26].

Aquatic plants of th&alviniaceagfamily are excellent hypercumulants of heavy
metals compared to other plant species [4,27-3R}il&ly as in the case diemna
sp., high rate and efficacy of bioaccumulation edvy metals bysalviniasp. is ob-
served within the first week of exposure to toxirghytoremediation efficacy
of as much as 96% was observed for copper ionshensixth day of culturing
at the exposure risk of 5 mgCu/dii28]. Maximum biosorption of copper was ob-
tained on the eight day of culturing in waters witbncentration of 10 and
15 mgCu/dm, and on the ninth day in waters with concentratimin 20 and
25 mgCu/dm Morphological changes (leaves turning yellow upértial discolora-
tion) occurred as late as at the beginning of #misd week of culturing at higher
concentrations of aquatic copper (8th day, 20 @hagCu/dn). In case of chromi-
um, the content of this element &alvinia minimabiomass after seven days of expo-
sure to 2 mgCr/dfnwas 449.37 ugCr/g, rising to only 451.39 ugCrigraiwo weeks
[31,32]. Salvinia herzogiaccumulates (mostly in roots) more than 90% of hum
present in water at concentrations of 1 to 6 mg/avithin 31 days), the uptake being
most intensive on the first day of exposure [3@laRd’s native specieSalvinia na-
tans is a hypercumulant which, apart from eliminatinighhconcentrations of metal
ions and biogenic elements [4,33-38], is capablphytoevaporation of the contami-
nants into the atmosphere following their transfation into volatile forms [3]. Stud-
ies on bioaccumulation of copper (from 0.01 to 10ufgin? of water) confirmed the
efficacy of Salvinia natansn the process [33,36]. The maximum efficacy of 9%
was obtained at concentrations below 0.05 mgCu[@6]. The highest dry mass in-
crease in case oSfalvinia natanswas observed in waters with concentrations
of 2 mgCu/dm [38]. The recent study by Holtra et al. [39] showedwo- or even
three-fold increase in the accumulation of bororShayinia natancompared to con-
trol in cultures contaminated with concentratioh4 and 3 mgB/dﬁ) without observ-
ing any morphological changes in the plants. Athhrgconcentrations of boron,
the bioaccumulation was limited by damages occgrrist the cellular level
of the plants.

5. SUMMARY

Studies conducted to date confirmed the efficacyPofand’s native species
of Lemnasp. andSalvinia natansn the process of rhizofiltration, especially dgi
the first days of water decontamination processme efficacy of the process was
highest. Biological methods allow to improve thalify of life without creating addi-
tional burden and landscape changes due to inttieduof new chemicals, with un-
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predictable consequences. PhytoremediatioSdlyinia natangand by mixed systems
includingLemnasp. may solve the problem of water treatment, efear preliminary
treatment of wastewater by conventional methddie biomass increase can signif-
icantly reduce the risk of eutrophication. The efifeeness of the phytoremedi-
ation process depends on the climatic conditionBotand. Temperature de-
crease causes the inhibition of natural water tneat in the period between
late autumn and early spring. A significant limibat to this method is the sen-
sitivity of pleustophytes to the concentration dfllptants in water (this
is the stress factor causing phytotoxic effectyvalf as the cumulative capacity
of plants at the contamination site. Phytoremeadiiaf water also depends
on the chemical speciation of toxins, pH, tempegtlight intensity, the pres-
ence of organic substances, metals and nonmetais, strength and oxygen
level.
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Monika LEGINOWICZ , Katarzyna PIEKARSKA*

ANTIBIOTIC RESISTANCE OF MICROORGANISMS
ISOLATED FROM THE WATER SUPPLY SYSTEM
IN WROCLAW

After Alexander Fleming's discovery in 1929 reséars started investigating antibiotics. Nowadays,
antibiotics have become so common that they areused, which leads to the development of re-
sistance in microorganisms. The lack of responsenicfoorganisms to chemotherapeutic agents
may be a threat to human health.

An increasingly common phenomenon occurring in wdistribution systems is the so-called biofilm,
i.e. biological membrane. Microbes that live inlsacsystem are more resistant to chemical agests (d

infectants, antibiotics). Biofilm bacteria have diped many defense mechanisms against harmful
agents.

In the case of resistance to chemotherapeuticssttii® conjugation process, which consists insfiexn
ring the resistance gene in microorganisms.

1. ADMISSION

Nowadays, the use of antibiotics is very widespraad popular, which increases
the resistance of microorganisms to this type oflioiee in all natural environments.
Antibiotic-resistant microorganisms in ground andurface waters used
for municipal purposes pose a serious threat ttvétadth of people and animals. Mod-
ifications to the water treatment systems do novige biological and chemical stabil-
ity. This leads to the re-growth of microorganismis the water supply
in the form of plankton or biofilm.

* Wroctaw University of Technology, Institute of Enonmental Protection Engineering, Wybiee
Wyspiaiskiego 27, 50-370 Wroctaw, Poland.
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The variety in environmental conditions and theedsity of species of bacteria
in biofilm can provide microorganisms with adequptetection against antibacterial
agents. Microbes living in the biological membradeveloped many defenc
mechanisms against bactericidal substances. Asult i a shortage in food sources
in the biofilm structure, active forms used deatlscas food. The slowed growth
of microorganisms facilitates the activation of #reymatic action. Damage resulting
from the action of harmful compounds is repairethldjical membrane can return
to the previous state in a few hours. Therefor¢ipimtics do not enter the interior
of the biofilm.

The use of disinfectants or antibiotics inducespoiutations in genes of bacterial
biofilm. Microbes living in the biological membrarean transfer resistance genes
to future generations, or, in the process of caajog, to other species of bacteria.
Progeny released into the external environmenalaeady resistant to noxious agents.

The biofilm on the surface of the pipeline increaee size of the microorganisms
in drinking water. Bacteriological contaminationgiuding pathogenic forms resistant
to antibiotics, is one of the most significant amlesirable changes to the composi-
tion of water. The amount of bacteria in the waenfluenced primarily by the densi-
ty of microorganisms in the biological membranes flow velocity and the adhesive
properties of microorganisms.

The paper presents the results of research on régigtance of microorganisms
isolated from the Wroclaw tap water.

2. MATERIALS AND METHODS

Water samples were taken from selected locatiotiseinNa Grobli” and ,Mokry
Dwor” Water Treatment Plants (ZPW) — (after disatfen). The locations where
samples were collected from the water supply systeme selected based on the dis-
tance from the ZPW. Water was collected into stetil bottles, then it was filtered
using sterile membrane filters of 0,2 pum. Filteeravplaced in 90 ml of growth medi-
um and subjected to 1 minute of of ultrasound in pitdeseparate the microorgan-
isms from the filter surface. Microorganisms weselated by plate method using spe-
cialist microbiological media, including the R2A diem. Preliminary assessment
of microbial biodiversity was conducted based andbservation of colony morphol-
ogy and Gram’s method of cell staining. Antibiatasistance was assayed using disk-
diffusion method. Cultures of microorganisms welaed on Muller-Hinton medium,
and then discs impregnated with antibiotics werplie@. After 24h of incubation,
zones of inhibition were examined.
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Table 1. Antibiotics used in clinical drug resistance.

Class of antibiotics Antibioctic Concentration | Symbol
Aminoglycosides Amikacin 30 g AK
gy Streptomycin 10 pug S
B-lactam Antibiotics Aminopenicillins Amoxicillin 25 ug AML
Tetracycline Tetracycline 30 ug TE
Synthetic chemiotherapeutics Sulfonamides Trimethoprjm 5ug W
3. RESULTS

35 different strains were isolated from the tap water samples. As a result of Gram
staining 33 strains of gram-positive and 2 gram-negative strains were obtained.
Among the isolated straireylindrical formspredominated in the shape of the cells.
The obtained Gram positive strains were the followdogci (five strains),bacilli
(11 strains)cylindrical forms(16 strains) angieasty(1 strain). Zbacteriawere isolat-
ed from the gram-negative organisms.

Table 2. Cell morphology.

Number of strains
Cell shape Gram-positive Gram-negative
Cocci 5 —
Bacteria — 2
Bacilli 11 —
Cylindrical forms 16 —
Yeast 1 —

To determine the resistance of microorganisms to antibiotics one
of the methods developed by Bauer were used. Microorganisms were divided
into the following:

*Sensitive “S”

*Intermediate “I”

*Resistant “R”

The following is a selection of photographs documenting the study of antibiotic
resistance of strains.

The table 3 shows the results of the antibiotic resistance of strains.
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Table 3. The results of the resistance of stramsebected antibiotics.

Number Antibiotics
of strains | AK —30 pg S —10 ug AML — 25 g TE — 30 pug W —h
1 R R R R R
2 R R R R R
3 R R R R R
4 R R R R R
5 R R S R R
6 R R R R R
7 R R R R R
8 R R R R R
9 R R R R R
10 R R R R R
11 R R R R R
12 R R R R R
13 R R R R R
14 R R R R R
15 R R R R R
16 R R R R R
17 R R R R R
18 R R R R R
19 R R R I R
20 R R R R R
21 R R R R R
22 R R R R R
23 R R R R S
24 R R R R R
25 R R R R R
26 R I R R R
27 R R S R R
28 R R R R R
29 R R R R R
30 R R R R R
31 R R R R R
32 R R R R R
33 R R R R R
34 R R R R R
35 R R R R R

The table shows that all cultures are resistaantibiotics. Only two strains (num-
ber 5 and 27) are sensitive to amoxicillin and istraumber 23 is sensitive
to tetracycline. Strain 19 exhibits intermediat@ssgvity to tetracycline and strain
26 to streptomycin.

The results may seem alarming. However, for corsdtrom of drug resistance
of the isolated strains further investigation iguieed (classification of strain to ge-
nus/species, examination of the gene of resistarsieg molecular biology tech-
niques).
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Fig. 1. Antibiotic resistance of isolated bacteria.

CONCLUSION

The article identified the sensitivity of microordaems isolated from the Wroclaw
water supply system to selected antibiotics. OnlyuR of 35 strains were sensitive,
and 3 intermediate.

Antibiotic resistance of microorganisms is a sesi@sues, especially in water sup-
ply systems. Antibiotics allow for the extensionhafman life, but also, if overused,
lead to an increased resistance of microorganidinerefore it would be advisable
to reduce the use of antibiotics, or to improve thecady known antibiotics,
and produce vaccines. It is also important to neonthe drug-resistant bacteria
in an aqueous environment.

The work is carried out with the help of MPWIiK ®ANroclaw.
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AQUATIC FUNGI IN THE ODER RIVER,
ITS TRIBUTARIES AND THE RIVERS
DIRECTLY INFLOWING TO THE BALTIC SEA
UNDER SUMMER HYDROCHEMICAL
CONDITIONS

The aim of this study was to determine the fungainass in the surface water at 9 sites locatedgalon
the Odra River, from the Czech Republic border to &zoz 10 stations on the main tributaries
of Oder River and 9 on the rivers directly inflowitggthe Baltic Sea. The study was conducted over
two consecutive days in August 2011, at moderateemgvels. Fungal biomass was calculated
on the basis of quantitative chromatographic aimlysf ergosterol in seston. Furthermore,
the number of colony forming units (CFU/mL) was det@ed by screening method, with dilutions
on Sabouraud's medium supplemented with chlorampbleat 5 days of incubation. Determinations
were also made with regard to chemical compositiand physicochemical properties
of the water samples.

The biomass of aquatic fungi most frequently ranfretn 0.2 to 0.5ug/L, and the abundance
of fungi in river waters did not exceed 4000-25@DBU/mL. These figures are average or slightly
higher than those recorded in other Polish rivieraddition, there was a statistically significaot-
relation between fungal biomass and the conteRQ@CE, phenols, total nitrogen, electrolytic conduc-
tivity, and pH. The abundance of fungi (CFU/mL) degped on the content of DOC
and ammonium nitrogen (statistically significariatenship).

In addition, our analysis also concerned the dregistance of fungal colonies isolated
from the Odra surface waters and its main tribatarusing the disc diffusion method. The water
samples collected from 10 sites contained fungstast to amphotericin B (10g), and 11 samples
showed the presence of fungi resistant to the iatithgentamicin (1Qug). In the samples tested there
was not any colony sensitive to the commonly usedimgcotic clotrimazole (10pg)
and the antibiotic erythromycin (1®). It seems likely that aquatic fungi may acquireg resistance
as a result of horizontal transfer of a gene resibbs for drug resistance from other microorganisms
or as a result of the introduction of antibioticeda antimycotics to aquatic ecosystems
in wastewater.

* University of Bialystok, Institute of Biology, Depmment of HydrobiologySwierkowa 20B,
15-950 Biatystok, Poland
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1. INTRODUCTION

Microfungi have been found in almost all types afuatic environments
in the world where they are actively involved inetimicrobial decomposition
of organic matter, especially plant-based matteeparing the bottom of the water
body for settlement by other organisms, mainly itelerates. It has been shown that
after just a few hours, plant leaves decomposingater are covered with a biofilm
of microorganisms, predominantly fungi [32]. Aquatiingi may be suspended in the
water column, settling on the bottom, periphytoreotering rivers directly in terres-
trial runoff. They can also be of anthropogenicgori To date, there have
been numerous literature data on the taxonomictifttion of Hyphomycetes
a yeast-like and zoosporous fungi occuring in w#fer6, 21]. There is, however,
a lack of quantitative data, i.e. concerning biosnaisd abundance of fungi in the wa-
ter column, especially in relation to hydrochemicahditions in aquatic ecosystems.
It has also been shown that aquatic fungi actipalgticipate in the mitigation of an-
thropogenic stress by participating in the biotfamsation of organic xenobiotics in
the aquatic environment, which can improve watalitu These features indicate a
previously ignored role of this group of organismghe self-purification of waters
and a potential use as bioindicators of anthropiegegansformation of the aquatic
environment [24, 35, 40].

There have been increasingly frequent reportsatyaatic fungi can cause diseases
in fish and other aquatic animals. The invasiorho$t tissues is facilitated, among
others, by an acquisition of resistance to commaskyd antifungal agents. In addi-
tion, aquatic fungi are also present in drinkingtevawith the limit of occurrence
of fungi in water intended for drinking set at 106U per 100 ml of water [2]. How-
ever, the importance of fungi in drinking water f@ater quality and human health is
still unclear. Some researchers have reportedsibrae fungal species isolated from
water may cause diseases and allergies in human8, [18]. In addition, aquat-
ic organisms resistant to antibiotics can passtthis to pathogenic microorganisms,
e.g. through a horizontal gene transfer, which rnaye important implications for
animal and human health. Acquisition of resistat@antibiotics by aquatic organ-
isms may result from the entry of metabolicallyiaetantifungal agents into the
aguatic environment with agricultural and urban t@asater. Accordingly, aquatic
fungi may then be used as indicators of anthropicgemanges in aquatic environ-
ments [31].

In light of these reports, the aim of this studyswia determine the biomass
and abundance of fungi in the Oder River, its majilautaries, and in the rivers di-
rectly inflowing to the Baltic Sea, in relation $elected physico-chemical parameters
of water and analyze their resistance to antitscdicd mycobiotics.
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2. MATERIALS AND METHODS

2.1. STUDY AREA

The study included 9 stations on the Oder Riversmstarting from the border
of the Czech Republic to Szczecin and 10 statianshe main tributaries of Oder
River and 9 on the rivers directly inflowing to tBaltic Sea (Fig. 1). Oder River have
a regulated water course with active water transfmsrmore than 100 years. Rega
River, Lega River, Pagga River, Leba River and Stupia River representsrs typi-
cal for the late glacial, moraine catchment witghair forestations and lower anthro-
pogenic pressure on water quality than in Oder Roeechment. The study material
was collected from surface water (up to 1 m) in shiestream in August of 2011
and stored one day in a cool place in polyethylestdes (1 L) before analysis. Sam-
ples collections took place during two days, atage level of river water.

N
C Baltic Sea \
26t 27 4 28 |

; 23 Poland

Czech Republic 7

Fig. 1. Map with the river net and the locationtlod sampling points: 1. Oder River - Chatupki, 2. &dr
River — Racibdrz, 3. Ruda River- Knia Raciborska, 4. Bierawka River — Bierawa, 5. GliwiCknal -
Kedzierzyn Kdle, 6. Odra River — Opole, 7. Mata Panew River — Gaagsy, 8. Nysa Ktodzka River —
Skorogoszcz, 9. Otawa River — Olawa, 10. Odra RivewWroctaw, 11. Widawa River — Psary,
12. Bystrzyca River — Wroctaw, 13. Kaczawa River —cRowice, 14. Odra River Scinawa, 15. Barycz
River — Osetno, 16. Odra River - Nowa Sél, 17. BébeRivDychéw, 18. Nysa taycka River — Gubin,
19. Odra River — Stubice, 20. Odra River — Kosirzg1. Warta River — Kostrdy 22. Odra River —
Krajnik, 23. Ina River — Golenidw, 24. Rega River et} 25. Parsta River — Karlino, 26. Stupia River
— Stupsk, 27. Leba River —<hork, 28. Reda River — Wejherowo.
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2.2. PHYSICO-CHEMICAL ANALYSES OF WATER

Basic physiochemical water parameters electrolgomductivity, temperature
and oxygen saturation, were measured in the figlanbans of a HQD 9200 meter
by Hach Lange. Chlorophyth concentration was measured by spectrophotometric
measurement after homogenisation of the suspensioraining on a GF/F filter
and extraction with boiling ethanol [26, 33]. Disssl organic carbon (DOC) was
determined by the method of high-temperature catalyombustion in a Shimatzu
TOC-5050A analyser [41]. In order to determine ttencentration of particulate
organic carbon (POC), the colorimetric dichromatthnod was applied [4], involving
the analysis of suspension residue on the GF/érfilthe quality of the dissolved
organic matter was estimated with the applicatibrihe Specific UV Absorbance
index (SUVAzAbSQGOWDlOOOZDOCI) [41]. Phenols concentration was determined
according to Lowry’s method [27]. Ammonium nitrogand total nitrogen were de-
termined by methods described by Hermanowicz [19].

The results were subjected to statistical analysSPSS 19. The Kruskal-Wallis
was used to estimate the difference between mé&émessignificance of the correla-
tion was estimated by the Pearson coefficient.dpéfitces op < 0.05 were consid-
ered as statistically significant.

2.3. ERGOSTEROL AND CFU ESTIMATION

Unfiltered samples of water (250 pl), diluted t@portions 1:10 and 1:100, were
inoculated directly onto Petri plates containingotdamphenicol (POCh) enriched
Sabouraud agar. The plates were incubated at aetatape of 25 °C for 5 days. After
the incubation period the total number of colorméfungi were determined [8]

The biomass of fungi suspended in water was cdkuailbased on chromatograph-
ic quantitative analyses of ergosterol using the_ElRnethod according to Davis
and Lamar [7], Mille-Lindblom and Tranvik [30] antbrgensen and Stepanauskas
[22]. The method involves analysis of the concdidnaof ergosterol, a component
of fungal cell membrane, and its conversion to &quéungi biomass. One litre
of water sample was filtered through GF/F filterghw0.7 pm mesh, immediately
frozen in a temperature of -25 °C. During furthemalgsis, the frozen filters were
placed in test-tubes, mechanically ground into Emalragments, and inundated
in liquid nitrogen. After vaporisation, 4mL 10% KOid methanol and 1mL cyclo-
hexan were added. After leakproof sealing of tis¢-tigbes, the substrate was subject
to sonication in an ultrasonic cleaner for 15 masuat a frequency of 42 kHz.
The suspension was heated in water bath for 90tesnat a temperature of 70 °C.
After cooling the test-tubes to room temperaturel. Histilled water and 2 mL cyclo-
hexan were added. Then, the test-tubes were geuidyed 30 times for approx.
1 minute for the purpose of extracting ergosteidl.a further stage, the content
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of the test-tubes was centrifuged for 5 minuteQt0 g. After that, the cyclohexan
fraction was collected and placed in a lockablesgtgest-tube. Further 2 mL cyclo-
hexan was added to the suspension, and the shakitigcentrifuging procedure
was repeated. Both portions of the supernatant vmeiseed and vaporised dry
by means of a stream of nitrogen at a temperatidiretOo °C. The sediment
was dissolved in 1mL methanol and incubated fonf@utes at a temperature of 50
°C. After filtering the sample through a syringkefi with 0.2um mesh, it was stored
at a temperature of 4 °C until analysis by meanslEC. The chromatographic set
consisted of the following modules: System Gold Btvent Module, 166 Detec-
tor, Autosampler 502 made by the Beckman Compadyaatomputer equipped with
the System Gold The PersolfaiChromatograph program. Chromatographic separa-
tion was performed at a temperature of 30 °C oreekBian C18 Ultrasphere ODS
5um; 4.6 mmx25 cm column with the isocratic flownoéthanol and distilled water
solution at 98:2 volume proportions, set at the in&/min level. Ergosterol
was determined using a UV detector with waveleng@®82 nm after elution
time lasting approximately 11 minutes. Taking iattcount the fact that very small
amounts of ergosterol were present in the riverptasnbeing analyzed, the standard
addition method was used. To convert ergosterbidmass of aquatic fungi a coeffi-
cient of 5.5 mg of ergosterol in 1 g of aquaticduand 35% carbon content was ac-
cepted [22]. Method validation revealed that thelamation of ergosterol released
from fungal hyphae and propagules of the fungili 36, and the method error does
not exceed 0.1 ng/L.

2.4. DRUG SUSCEPTIBILITY TESTING

The assessment of sensitivity to commonly usedimtiis and anitmycotics was
conducted using the disk diffusion method (Holt78p Substrate YNB (yeast nitro-
gen base) was used for testing with the contemtstyextract 0.5%, glucose 3%, agar
1.8%. The medium was sterilized for 20 minutes.&tdtmospheres and its pH was
established at 7. The medium was then depositedtivin layer onto 9 cm diameter
Petri plates. To assess sensitivity sterile disgwégnated with antibiotics: gentamy-
cin (10 pg) and erythromycin (15 pg) (Oxoid) as lved antimycotics: amphoteri-
cin B (10 pg) and clotrimazol (10 pg) (Liofilchenbungi suspension for assessment
of sensitivity was obtained from 5 day old cultumaésed on Sabouraud medium,
by flushing morphotypes using 9 ml 0.1% peptonénealOxoid CM0733). The re-
sulting suspension was evenly spread on the sudfttee YNB substrate, the excess
was poured off and the top of the plate was léfihdlly incline at room temperature
allowing drying of the substrate surface. Subsetiyeanto the surface of the sub-
strate paper disks saturated with the drugs wexeedl and the plates were incubated
at a temperature of 25 °C. Sensitivity assessmastperformed after 24 hours based
on inhibition of growth according to a scale prdedrin Tab. 1 [20, 31].
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Table 1. Interpretation of the results obtaineshgshe disc-diffusion method of antibiotic
and antimycotic sensitivity on the basis of themiter of growth inhibition.

Drug | Sensitive | Intermediate | Resistant
Diameter of growth inhibition (in mm)

Amphotericine B >15 10-14 <14
Clotrimazole >18 14-18 <14
Erythromycin >23 14-22 <13

Gentamicin >15 13-14 <12

3. RESULTS AND DISCUSSION

The average biomass of aquatic fungi was mostligivihe range of 0.1-0.5 pg/L,
with the number of fungi in river waters in the gan3000-25000 CFU/mL. In only
one location, the Warta River in Kostrzyn, the ager fungal biomass was 9.5 pg/L
(Table 2). Coastal rivers had a smaller biomasaqofatic fungi than the Oder River
and its tributaries. These figures are averagdightly higher than those recorded
in other Polish rivers [22]. It is known that diféaces in fungal biomass and abun-
dance depend on physico-chemical factors such astemperature, availability
of nutrients especially nitrogen and phosphorusgd amganic matter [13, 24].
In a study conducted by Pascoal and Cassio [34§erwaydrochemical conditions
played an important role in the taxonomic differaton of HyphomycetesFurther-
more, Ferreira and Chauvet [10] showed that theuroence of various species
of aquatic fungi depended on temperature and oxyg®tentration in the water.
Other studies on the effects of temperature onifhage shown that there are species
that occur throughout the year.

There are also other species that are typical fraraicular season. This seasonali-
ty of particular species has been demonstrated, dgample, by studies
on the Dudhawa dam reservoir in Indfsspergillus nigeroccurred with the greatest
frequency in the winter and rainy seasons, whilsummer it was not reported at all
or only sporadically [37]. Growth of fungi from daHyphomycetesind many spe-
cies of yeast are inhibited at temperatures bel®@,5and hence in winter their bio-
mass is reduceddomycetesccurs most frequently or only during cooler pesiod
Since noone so far has determined a factor whiatoist crucial for changes in fungal
biomass in aquatic ecosystems, the mycologicalyaisabf the analyzed water sam-
ples was augmented with an examination of chengoaiposition and the physico-
chemical properties of the water.
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Table 2. Average biomass, abundance and concemtsaif selected physicochemical parameters
in the Oder River, its main tributaries and the névilowing directly into the Baltic Sea & 0.05).

Fungal Tempe- Chlo-
River Stand biomass | CFU/mL EC rature SVXWT SUVA rophyll
[ng/L] wsieml | gy | [ a
[no/L]
Oder Chalupki 0.51 9500 308 15.0 97.0p 438 2.9
Oder Raciborz 0.17 3800 573 153 94.10 328 45
Ruda Kuznia 0.20 4000 1352 13.4 86.10 23.4 125
Raciborska
Bierawka Bierawa 0.33 4500 5470 164 91.40 2514 6.1
Kanat = | Kedzierzyn |17 | 15600 | 3222 179| 8970 257 32.6
Gliwicki Kozle
Oder Opole 020 | 16900 1018 17.1] 99.40 308 3b
Mata Czamowsy | 0.21 5800 386 17.5 88.24 35.3 1.9
Panew
Nysa
Skorogoszcz|  0.30 6400 301 18.5 92.40 2518 7.
Klodzka
Ofawa Ofawa 0.25 4800 693 17.0 93.3p 28.0 2.7
Oder Wroctaw 0.25 5800 669 18.6 96.6D 35.6 5.9
Widawa Psary 0.45 9900 649 177 80.50 300 6.8
Bystrzyca | JWroctaw 0.24 5100 548 17.7 94.10 26.0 12.5
(Jarnotéw)

Kaczawa Prochowice 0.39 9400 421 17.1 89.00 374 3 3
Oder Scinawa 0.31 9600 368 18.8 89.3 30.1 6.1
Barycz Osetno 0.18 8000 630 18.4 74.00 320 21

Oder Nowa Sol 0.12 8900 853 19.3 84.30 346 5.0
Bobr Dychow 0.32 | 19400 222 15.7 93.40 37.8 2.1
Nysa Gubin 031 | 10200 358 16.8 62.1( 36.4 1.7

tuzycka
Oder Stubice 023 | 11900 651 18.1] 79.50 340 5.0
Oder Kostrzy 0.09 7400 652 18.7 79.80 30.8 6.1
Warta Kostrzy 9.43 | 22900 521 19.1 92.9 33.0 247
Oder Krajnik 026 | 25200 586 20.0 77.00 32.1 7.8
Ina Goleniow 026 | 21400 583 19.8 72.1p 32.p 25
Rega Ploty 0.25 | 13000 475 18.6 82.6D 38p 1y
Parsta Karlino 0.30 8900 456 17.2 87.10 437 19
Stupia Stupsk 0.11 5400 338 17.9 89.4D 571 25
Leba Lebork 0.26 7600 355 14.9 85.04 63.3 13
Reda Wejherowo|  0.17 8200 394 164 83.90 19]9 613

The water temperature of the studied rivers rariged 13 to 20 °C, and dissolved
oxygen ranged from 62 to 99%. (Table 2). Withinstheanges there was no statisti-
cally significant correlation between disolved o@pgor temperature vs. biomass
of aquatic fungi. Our previous studies showed #maincrease in the biomass of fungi
can lead to oxygen depletion in the water; an isweelationship between the average
biomass of fungi and DO in the waters of Polislersv16].

In this present study we observed a statisticatipiScant inverse relationship
between mycoplankton biomass and water pA<R.24), which is consistent with
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previous literature [24]. A significant correlatienisted between electrolytic conduc-
tivity (EC) and fungal biomass (Fig. 2). An increasn EC in water
to more than 600 puS/cm caused a decline in the ddenof fungi. This explains
the drop in mycoplankton biomass in rivers with thignineral pollution [12, 13],
which in turn leads to a reduction in biologicalnetialization of organic matter
in rivers.

Fungi [pg/L] EC uS/cm])
0,6 EC 1200
05 14 1000
04 41 800
0,3 ", 600
0,2 400
014 S~---7 ) = 200
0,0 Chatupki . Opole Sclinawa II(rajnik 0

100 300 500 700

Oder River [km]

Fig. 2. Fungal biomass in the water of Oder Riverrses against electrolytic conductivity.

Another very important factor for the dominance s@me species of fungi
and the disappearance of others from ecosysteni® isompetition between fungi
and other organisms, especially algae and blueigadgae [6, 28, 34, 38]. In this
study there was no statistically significant caatiein between the concentration
of chlorophylla and the average abundance of fungi, suggestinigritihe examined
river waters fungal biomass depended mainly onrddeors.

There were however a statistically significant tielaships between the concentra-
tions of DOC and CFU/mIFE = 0.31), and between POC and mean values of fungal
biomass R = 0.21). This is consistent with literature daaevious studies have
shown that in the waters of the DOC-rich riversniorth-eastern Poland, mainly
from forested catchments, there is an excessiveitgrof fungi and bacteria [15].
There was no statistically significant correlatioetween fungal biomass and quality
of organic matter (estimated using SUVA).

Greater fungal biomass is associated with an iiseréa water pollution. There
was a statistically significant positive correlatiobetween fungal biomass
and the concentration of phenolB? (= 0.21), which enter the water primarily
with municipal and industrial wastewater. This mates a previously ignored role
of microfungi in the self-purification of water. ik known that fungi contain enzymes
from the group of polyphenol oxidases that catalyze oxidation of various com-
pounds, which leads to a depletion of oxygen iraguneous environment [3]. This
explains an increase in fungal biomass in eutropfaters, heavily polluted, with
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an increased amount of phenols, both anthropoganit from decaying detritus.
In addition, microfungi use phenols as a carbone®(l1, 29].

Table 2. Assessment of sensitivity to antibiotiod antimycotics of various fungal morphotypes itada
from the surface waters of the Oder River, its tdies and rivers flowing directly into the Baltie®

Sample River Station Drug sensitivity
number
AMB GM E S

1 Oder Chatupki S R R R
2 Oder Raciborz S S R R
3 Ruda Kuznia Raciborska S S R R
4 Bierawka Bierawa S S R R
5 Kanat Gliwicki Kedzierzyn Kale R R R R
6 Oder Opole R R R R
7 Mata Panew Czarnowsy S S R R
8 Nysa Ktodzka Skorogoszcz R S R R
9 Ofawa Ofawa S S R R
10 Oder Wroctaw R R R R
11 Widawa Psary S R R R
12 Bystrzyca Wroclaw (Jarnotéw) R S R R
13 Kaczawa Prochowice S S R R
14 Oder Scinawa S S R R
15 Barycz Osetno S S R R
16 Oder Nowa Sdl S S R R
17 Bébr Dychéw R S R R
18 Nysa tuycka Gubin S R R R
19 Oder Stubice R S R R
20 Oder Kostrzy R R R R
21 Warta Kostrzyh R R R R
22 Oder Krajnik S R R R
23 Ina Goleniéw R R R R
24 Rega Pioty S R R R
25 Pargta Karlino S S R R
26 Stupia Stupsk S S R R
27 teba Lebork S S R R
28 Reda Wejherowo S S R R

GM — gentamicin (10 pgAMB — amphotericin B (10 pugk — erythromycin (15 pg)$ — clotrima-
zole (10 pg), S — sensitive, R — resistant

With an increase in organic matter and water eticztion, the content of nutri-
ents increases, such as nitrogen, flowing intoather in a mineral form or in organic
matter which is metabolised to provide biologicadlyailable forms of this element.
In this study there was a significant positive etation between the number of fungi
(CFU/mL), and the quantity ammonium nitroge®’ € 0.25), and between fungal
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biomass and the level of total nitrogeRf € 0.31). Ammonium is formed in the de-
composition of dead plants and animals during tigegfion of proteins, and also
in the process of ammonification of urea. A funbg@imass increase with increasing
nitrogen concentration was also found in previouslies [16, 22, 39], which indi-
cates that this is an important factor stimulatimg growth of microfungi.

Because in recent years there have been an imgeasimber of reports
that aquatic fungi cause infections in fish andeotanimals, this study in the Oder
River, its tributaries the rivers directly inflovgnto the Baltic Sea included a test
of fungal drug resistance. The analyses includeal cammonly used antimycotics:
amphotericin B (10 pg) and clotrimazole (10 ug)d awo antibiotics: gentamicin
(10 pg) and erythromycin (10 pg). We found thatas many as 10 rivers some
the studied fungi were resistant to amphotericifT8ble 3), a very strong antifungal
polyene antibiotic. As only a small number of tketed morphotypes were resistant
to this mycaotic, it seems that the resistance nmaste been acquired. In addition
to the 11 of the 28 examined sites, we identifiedphotypes sensitive to gentamicin,
a typical antibiotic. In none of the rivers did ¥red fungi sensitive to erythromycin,
and more interestingly - to clotrimazole, an imiolazinhibiting the synthesis of er-
gosterol and with a very broad spectrum of actiiof B6].

A number of literature data (primarily on bactepi@sent in surface waters) re-
ported that microbial saprophytic populations agegi resistance to antibiotics
from other microorganisms, including pathogenic sgr@ainly via horizontal gene
transfer, as well as from exposure to antibiotiod ather drugs in the aquatic ecosys-
tems entering with wastewater [14, 23, 25. 31]. iBimmechanism of resistance
to drugs may also apply to aquatic fungi (this alsggested by the fact that drug re-
sistance occurred mainly near large cities) budeimands the further detailed re-
searches.

This research was funded by the Polish Nationagr@& Centre, project NN304375938.
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Baltic Sea sediments, Baltic sedimentary bacteria,
antibiotic residues, environmental pollution,
growth inhibition, mixture toxicity

Grzegorz SIEDLEWICZ, Ewa KOTLARSKA, Ksenia PAZDRO*

IMPACT OF ANTIBIOTIC RESIDUES PRESENT
INBALTIC SEA SEDIMENTSON THE GROWTH
OF SEDIMENTARY BACTERIA

The presence of antibiotic substances in the marmwegonment is of high concern since it potengiall
accelerates widespread bacterial antibiotic rasisteand may have negative effects on bacteria re-
sponsible for organic matter mineralization andcpeses of nitrification and denitrification. Thus
concentration of the antibiotic residues and itddgical effects on ecosystem should be investiyate
The research material was collected during theseruiof sly Oceania in 2010-12 from the Gulf
of Gdaisk and Pomeranian Bay. Nine compounds (sulfatiaznléadiazine, sulfamerazine, sulfa-
metazine, sulfachloropiridazine, sulfamethoxazadelfadimethoxin, trimethoprim, enrofloxacin)
were identified in sediment samples using LC-MS/M6hnique. The highest concentrations were
found for sulfamethoxazole and trimethoprim (frogito pg x @ d.w.).

The effect of sulfamethoxazole, trimethoprim, sdifé&ine, tetracycline and their mixtures (in con-
centrations of 0.5 pg x Mland 0.5 mg x ) on the sedimentary Baltic bacteria was testedeSev
strains isolated from sediments from Gulf of @slaand Gdask Deep, namelyPseudomonas fluo-
rescens Pseudomonas guineaBacillus barbaricus Microbacterium oxydans?seudomonas baeti-
ca, Bacillus niaciniandShewanella denitrificanere used in the experiments. It has been observed
that higher concentrations of the antibiotics, ryaiatracycline and mixtures of all of the composnd
tested, inhibit the growth of the bacteria. In ttese ofPseudomonas baetica and Bacillus niacin
the stimulation of growth with sulfamethoxazole tftwhigher concentrations) was observed. The re-
sults of the chemical analyzes showed contaminatibrroastal sediments from the Baltic Sea
with antibiotic compounds. The results of microbmital assays indicate that the concentrations
found in the environment can affect the bacteriaddiments and thus the functioning of the ecosys-
tem of the Baltic Sea.

* Institute of Oceanology, Polish Academy of SciesicPowstacéw Warszawy 55, 81-712 Sopot,
Poland.
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1. INTRODUCTION

The usage of pharmaceuticals is increasing worlelwid recent years, the occur-
rence and fate of pharmaceuticals in the aquaticra@mment has been recognized
as an emerging issue. Many drugs used in vetergraiyhuman medicine after admin-
istration enter into the aquatic environment viessteavater treatment plants effluents
and surface runoff of soil [39]. Many of these ltdge compounds end up in low con-
centrations inland aquatic ecosystems and finallihe marine environment. Their de-
termination has been made possible due to the @@veint of modern analytical tech-
nigues such as high performance liquid chromatdgrapgoupled with mass
spectrometry. Among a wide variety of pharmacelgj@ntibiotics show special signif-
icance due to their extensive use in humans anmdasito treat microbial infections
and as feed additive to promote growth of livestankmals [18]. During the past dec-
ade, investigations related to antibiotics havenbmgblished documenting their pres-
ence in river water and sediment, estuaries, doaatars, and hospital wastewater [11,
38, 36, 34, 22, 15, 23]. Although concentrationsuatibiotics in the environment were
low (ng x L* lever) and many of them do not exhibit an acuteatiq toxicity to organ-
isms, they can have a significant, cumulative eftecthe metabolism of nontarget or-
ganisms and on entire ecosystems [10, 31]. Theyalsaycause widespread of antibi-
otic-resistant genes [25, 28]. There has been ggwaoncern that antibacterial residues
in the aquatic environment could have a negativecef on non-pathogenic bacteria
responsible for organic matter mineralization armtesses of nitrification and denitrifi-
cation, influencing microbial processes, with capusnt effects on the whole ecosys-
tem. The data on antibiotic residues presence ennthrine environment, especially
in coastal areas are few, moreover, implicationsesidual antibiotics in marine envi-
ronment have remained poorly understood [26]. Thegein the present study, the first
results on the concentrations of selected antdsdgulfonamides, fluorochinolones and
trimethoprim in the baltic sediments are reporfidie main objective of this study was
to investigate, in the laboratory experiments, itiiience of identified antibiotic resi-
dues (individual compounds and their mixtures)mdrowth of bacteria isolated from
Baltic sediments to assess the possible risk oaiitibiotics to Baltic microbial com-
munity and to establish rationale for further reskan this field.
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2. MATERIALS AND METHODS

2.1. SAMPLING

Surface sediment samples were collected in 201@-80in the southern Baltic Sea
during the cruises of r/v Oceania using a ReineckNeemistd corers. Details
of the sampling sites are shown in Fig.1. The 0¥5layer of sediments was retrieved,
frozen (-18 °C) in pre-cleaned glass jars and parted to the laboratory for chemical
analysis. For microbiological analyses sedimentpdasnwere stored in sterile glass
bottles at 4 °C and handled within 4 hours aftenang.
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Fig 1. Locations of sampling sites.

Points 1-3 (black circles) indicate sampling ofisehts in May 2012, when the sed-
iment samples for isolation of bacteria were takamts 4 and 5 (white circles) indicate
sampling of sediments in May 2011 and 2010, whelinsmnts for chemical analyses
were taken. Sediments were taken from the soutligatic Sea: from mouth
of the Vistula River (point 1 - 54°23.098 N; 18°3%4 E, 12 m depth ); the Gulf
of Gdaisk (point 2 - 54°30.365 N; 18°56.985 E, 64 m depB8gaisk Deep (point 3 -
54°49.088 N; 19°17.148 E, 111 m depth); Gulf of &dka(point 4, 54°29.317 N;
18°56.660 E, 63 m depth); Pomeranian Bay (54°040M5B4°26.975 E, 12 m depth).
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2.2.CHEMICAL ANALYSIS

Target compounds were selected based on their asalg@erature studies. 11 target
compounds were analyzed: trimethoprim, sulfonamideffatiazole, sulfadiazine, sul-
famerazine, sulfametazine, sulfachloropiridazindfasethoxazole, sulfadimethoxin),
guinolones (oxolinic acid), fluoroquinolones (emoafcin) and penicillin (oxacilline).
The analyses were based on the procedures desdopeBabt et al. [1] and
Biatk-Bielinska et al. [2, 3]. Briefly, antibiotics were extied from the freeze-dried
sediment (2 g) in an ultrasonic bath (for 20 miopsecutively with 10 mL of methanol
(Merck), 10 mL of supersaturated ME (POCH) water solution and 2 mL of 0.1 M
EDTA (POCH). The samples were centrifuged (10 #090 rpm) and the supernatant
was transferred to a flask, and the procedure e@esated. The combined extracts were
concentrated in a rotary evaporator to a volumabafut 10 mL. Residual extract was
diluted in 1000 mL of Milli-Q water and the whol&teact was cleaned up on a tandem
SPE column (6 mL, 500 mg, Discovery DSC-SAX, Sightdrich, Germany and 6 mL,
500 mg, Oasis HLB, Waters) by using modified metdedcribed by Babiat al. [1].
The cartridges were conditioned with 2x5 mL of eawthanol and water; after sample
loading the cartridge was washed by 2x4 mL of 2%thamol and air-dried
for about 20 min. under vacuum. Analytes were dlutgth 2x5 mL of methanol
and allowed to dry under a gentle stream of nitno@ée dried extract was reconstituted
in 1 mL of 10% acetonitrile. The laboratory blankgere analysed in parallel
with the samples. LC-MS/MS in multiple reaction rtoring mode (MRM) was
applied for determination of antibiotics in samplégjilent 1200 Series LC system
(Agilent Technologies) with Gemini C18 column (160nx4.6 mm, 5um pore size,
Phenomenex Inc., Torrance, CA) were used for threncatographic separation and
HTC Ultra ion trap mass spectrometer (Bruckner @wadis) with an electrospray
ionization source (ESI+) was applied for mass spewtric measurements. The details
of chromatographic analysis were described by Hiadlinska et al. [2]. The limit
of quantification for the applied analytical metha@ahd target antibiotics ranged
from 0.5 to 1.5 ngxgd.w. depending on individual compound.

2.3.ISOLATION OF BACTERIAL STRAINS FROM SEDIMENT SAMPLES

Viable heterotrophic marine bacteria in sedimemhas were recovered using
the spread plate method. Sediment samples (1 @ wsuspended in sterile Ringer
solution (NaCl, 9 gxL:; KCI, 0.42 gxL% CaCl, 0.48 gxL* NaHCQ, 0.2 gxL")
and vortexed in order to detach bacteria from #winsent particles. Serial 10-fold
dilutions were prepared and aliquots (0.1 mL) waated in triplicate onto ZoBell Agar
(bacto-pepton 5 gxb; yeast extract 1 gxt. FePQ 0.01 gxL* distilled water,
250 mLxL"; aged seawater 750 mL*{_agar 15 gxL). Colonies were enumerated
after 2 days at 30 °C, and the Colony Forming WGEU) per gram of sediment was
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calculated. Distinct colonies were selected frorohesediment sample and isolated
as pure cultures on ZoBell Agar. Purified strairevevthen stocked in ZoBell medium
with 15% glycerol at -70 °C. The two strains fromclk sampling site were selected
for the further analyses.

2.4.BACTERIAL IDENTIFICATION BY 16S RRNA SEQUENCING

Selected bacterial isolates were grown in 2 mL Eahedium. Genomic DNA was
extracted using Genomic Mini Kit according to mautfirer’s instructions (A&A Bio-
technology, Poland). Bacterial 16S rDNA was amgiffrom the extracted genomic
DNA using the following universal eubacterial 168NA primers: F27 and R1492
(Lane 1991). Polymerase chain reactions were paédrusing TPersonal thermocycler
(Biometra, Germany) under the following conditiomkenaturation 94 °C for 5 min
followed by 30 cycles of 94 °C for 1 min., 50 °Q fbmin., 72 °C for 1 min. and final
extension 72 °C for 5 min. All PCR reagents wereepased from A&A Biotechnology
(Poland). The amplification of 16S rDNA was confathby running the amplification
product in 1% agarose gel in 1 x TAE buffer (40 ik base, 20 mM acetic acid,
1 mM EDTA, pH 8.0). The PCR products (approximat&h00 bp) were cleaned up
using Clean-up Kit with silica columns (A&A Biotesblogy, Poland) and sequenced
(Genomed, Poland). The obtained 16S rRNA gene segsewere compared
to sequences in GenBank using blastn (http://bielsitnim.nih.gov) and assigned
to species using the highest-scoring sequencetimhvspecies information was availa-
ble when sequence similarity was above 97 %.

2.5. TESTING THE IMPACT OF ANTIBIOTICS
ON ISOLATED SEDIMENTARY BACTERIAL STRAINS

Mueller Hinton liquid medium (Oxoid, UK) was inoatéd with overnight cultures
of tested bacterial strains at a ratio of 1:100 emedbated at 30 °C in an air shaker
for achieving an optical density at 600 nm of ab@ut (OD 600 = 0.1). Bacterial cul-
tures were aliquoted and selected antibioticsasdthoxazole, trimethoprim, sulfadia-
zine, tetracycline and their mixtures were addeith &0 % (v/v) methanol as a solvent.
All antibiotics were purchased from Sigma-AldricBigma-Aldrich, USA). Two con-
centrations of the tested compounds were usedu@@nlL* and 0.5 mgxmt. Two
kinds of control experiments were used: one cultwighout any additives,
and the second one with methanol as a solventisdme amount as in the experiments
with antibiotics. Cultures were grown in an air lgfra(30 °C) and measurements
of absorbance at a wavelength of 600 nm were paéerat every 30 minutes.
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RESULTS AND DISCUSSION

The analyzed antibiotic residues concentrationthéncollected sediment samples
are presented in Table 1. The results are expréssepx g' dry weight. The concen-
trations of individual antibiotics ranged from belathe limit of quantification
to 1205.3 ngxq dry weight. In sediment sample taken from staio(Pomeranian
Bay) (Fig. 1) nine compounds were detected with héd) concentration
of sulfametoxazole (1205 ng®y sulfachloropiridine (1.7 ngxy and trimethoprim
(1.1 ngxg"), while other antibiotic residues were presenbiethe limit of quantifi-
cation. The observed level of sulfametoxazole cotreéon in the collected sediment
was higher than those reported for raw sewage32Pand river sediments in other
geographic regions [24]. In the sediment collectemm deep part of the Gulf
of Gdaisk (station 4) only sulfamethoxazole (4.9 ngkgand trimethoprim (35.7
ngxg') were detected. Both antibiotics have been regdddebccur in marine waters,
but at lower concentrations [34, 26]. It has bekso @lemonstrated that these com-
pounds, similarly to tetracyclines, could accumalat sediments due to strong ad-
sorption on particles and sediments [18, 20] andewenvironmentally persistent
in the aquatic environment [13, 14]. The presenteulfamethoxazole and trime-
thoprim most probably results from applicationdgiibman medicine (in medical prac-
tice trimethoprim and sulfamethoxazole have beeannsonly used together in a ratio
1:5 (as co-trimoxazole) to treat wide spectrum @éfolic bacteria since late 1960s).
Approximately 15% of sulfamethoxazole is excretenhf the human body in its orig-
inal form, while the fraction of unchanged trimgphion amounts to about 60% [14].
It should be also mentioned that antibiotics aterofincomplete eliminated during
sewage treatment. Depending on wastewater treatomaatices in various countries
removal efficiency of sulfamethoxazole and trimgthim ranged between 3-100%
[21]. Another source of these compounds in thesdtigated samples may be the vet-
erinary application, further surface runoff of sa@ihd final discharge to the sea
by rivers.

Since the presence of sulfamethoxazole and trimpeitinoresidues in Baltic sedi-
ments was observed, these compounds have beeredapplithe biological tests
assessing the impact of antibiotic residues orgtberth of Baltic sedimentary bacte-
ria. Tetracycline and sulfadiazine have been alsmsen for the experiments since
their impact on microbial communities was previgugported [33, 16]. Two concen-
trations of tested chemicals have been appliechénexperiments. The lower one
is comparable to the concentrations noted in theéir@mments heavily polluted
by antibiotics e.g. close to aquacultures [7]. Higltoncentrations were applied
to facilitate the observations of the effects & e#mtibiotics on the bacterial growth.
Hence the purpose of this study was to test thkiente of selected antibiotic
residues on the growth of Baltic sedimentary baatehe first step of the conducted
biological studies was to obtain bacterial strdiesn Baltic sediment samples. Total
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plate countsxq (CFUxg") of tested sediments were as follows: mouth of\ttetula
River: 2.3x104 + 1.8x103 CFUXgGulf of Gdaisk: 1.8x104 + 2x103 CFUXgand
Gdaisk Deep 1.1x104 + 2.5x103 CFU%gGTwo strains from each sampling points
were selected and identified using their 16S rRN#ney sequences. The results
of the identification are shown in Table 2. The I8&NA gene sequences obtained
in this work were submitted to GenBank under adoessiumbers KC255380-
KC255385.

Table 1. Concentration of antibiotic residues idirsent samples.

Concentration of selected antibiotic residues idirsent
samples [ng< g* d.w.] [RSD% n=3] at :

Station 4 Station 5
sulfatiazole n.d. b. LOQ*
sulfadiazine n.d. b. LOQ*
sulfamerazine n.d. b. LOQ*
sulfametazine n.d. b. LOQ*
sulfachloropiridazine n.d. 1.7+26
sulfamethoxazole 35.7+5.8 1205.3+4.1
sulfadimethoxine n.d. b. LOQ*
trimethoprim 49+4.2 1.1+29
enrofloxacin n.d. b. LOQ*

b. LOQ* -below the limit of quantification
n.d. - not detected

Table 2. Bacterial strains used in this study aed ttlosest phylogenetic relatives.

Strain o ) Closest phylogenetic relative, 16S rRNA sequencdaiityi
Origin of the strain )
number (accession nr)
33 Mouth of the Vistula Pseudomonas fluoresceN8RC 15834, 99%
River (AB680973.1)
34 Mouth of the Vistula Pseudomonas guinea®G 24017, 99 %
River (AM491811.1)
37 Gulf of Gdask Bacillus barbaricusR1_162, 99 % (EU373540.1)
40 Gdask Deep Pseudomonas baeti@893, 99 % (FN678353.1)
42 Gulf of Gdask Microbacterium oxydan¥PR04, 99 % (EU373400.1)

43 Gdask Deep Bacillus niaciniRB-113, 99 % (JQ085399.1)
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In the presented study lower concentrations o&tkahtibiotics (except of tetracy-
cline) revealed in general little or no effect dre tgrowth of sedimentary bacteria
used in the experiments. Among four antibioticse@getracycline had the strongest
inhibitory effect on the growth of bacteria strasitsboth concentrations tested (even
at lower concentrations tested). The tetracyclineghich were discovered
in the 1940s, are a family of antibiotics that lihiprotein synthesis by preventing
the attachment of aminoacyl-tRNA to the ribosomaiegtor (A) site. Tetracyclines
are broad-spectrum agents, exhibiting activity mgfad wide range of gram-positive
and gram-negative bacteria, atypical organisms sgclthlamydiae, mycoplasmas,
and rickettsiae, and protozoan parasites [8]. @in@ffects of tetracycline on hetero-
trophic marine bacteria were previously mentiongdPbrlinski and Mudryk [30] and
on soil and activated sludge bacteria [12]. SiBbewanella denitrificanstrains are
vigorous denitrifiers, and thus could have contiglouto transformations of nitrogen
forms in the Baltic Sea [5] we decided to incluBRewanella denitrificanstrain
IOMB 364 (previously isolated by Moskot et al. [RTd our study. Growth of this
strain was only inhibited by higher concentratiosed, the strongest effect was seen
when mixture of antibiotics was used. In the cade Pseudomonas baetica
and Pseudomonas fluorescemssrains, the relative low potency of all compounds
tested may be explained by the fact that straiteneng to the genuBseudomonas
are often naturally resistant to a number of amtiohial agents [17]. However, even
for Pseudomonas baeticsdrain the stimulation of growth with sulfamethasbe was
observed, when high concentrations of the chemigak used. Stimulation effect
of sulfonamides (sulfamethoxazole and sulfadazove)growth ofBacillus niacini
strain were also observed. The strongest inhibiedfgcts was noted when mixture
of all compounds was applied in the tests. The inbthresults agree with those
reported by other researchers, that mixtures obiatics had stronger inhibitory
effect on the growth of bacteria than single aotibs [9, 30, 6]. Christensen et al. [6]
using different test organisms (freshwater aldg@mudokirchneriella subcapitata
activated sludge microorganisms, and luminescectebiaVibrio fischer) concluded,
that regardless of the tested species, combinextieffvere higher than predicted
based on the assumption of concentration additfortibiotics comprise a group
of pharmaceuticals specifically designed to dismjitrobial biochemical processes,
and might therefore in particular have detrimertfécts on microbial communities
in the environment. Many of the research on effe€@ntibacterial compounds in the
environment had focused on their influence on nugganisms, primarily in spread-
ing of bacterial resistance to these compoundsd&Rp,but also on antibiotics toxicity
and other negative effects on microbial communitiéstzerke et al. [16] reported
inhibition of nitrification by sulfadiazine at 108gxkg". Toth et al. [35] reported that
sulfadimetoxine (belonging to sulfonamides) blocked iron reduction and inhibited
nitrification. Authors stated that antibiotics aveeonmentally relevant concentrations
can disrupt soil microbial processes, although de¢ection of such impact may
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be antibiotic and/or process specific. Thiele-Bruand Beck [35] concluded
that pharmaceutical antibiotics (such as sulfonamidnd tetracyclines) could exert
a temporary selective pressure on soil microorgami®ven at environmentally
relevant concentrations. Costanzo et al. [10] iadichat antibiotics entering aquatic
systems pose a potential threat to the ecosysteamyMther organisms (such
as algae, plants or zooplankton) were also testedder to reveal the effects of anti-
biotic residues in the environment. For exampleiBrat al. [4] tested effects
of twelve different classes of antibiotics temna gibbaduckweed. In their study
only members of fluorochinolone, sulfonamides (wislhulfamethoxazole being
the most toxic) and tetracycline classes of antiitgodisplayed significant phytotoxi-
city. Acute and chronic tests performed on freskewatrustaceaaphnia magna
with sulfadiazine, tetracycline and oxytetracyclisiowed no acute effects at envi-
ronmental relevant concentrations but reproductiffects were observed. However,
sulfadiazine at some tested concentrations denaiadtra statistically significant
stimulation of the reproductive output [37].

In conclusion, the results of performed chemicahlgses show contamination
of coastal Baltic sediment by target antibioticidass and the results of biological
tests indicate that these contaminants may affedinmgentary microbial community.
The studies will be continued to establish moreeesive chemical database on anti-
biotics spatial and temporal distribution in theuth®rn Baltic Sea area. The more
detailed ecotoxicological studies should be alseeliped to assess more accurately
ecological risks related to the presence of aniit8aresidues in the marine ecosys-
tem. The evaluation of the long-term changes cabgerbntinuous exposure to anti-
biotics occurring in low concentrations and as atume of compounds seems
to be necessary. This challenge is especially itapbin the case of marine sediments
constituting large reservoir of contaminants andhat same time the environment
of several ecosystem important processes like drgamatter mineralization
and eutrophication.

This work was supported by the Polish Ministry afeBce and Higher Educa-
tion (project no. N N304 202137), National ScienCentre (project no. DEC-
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SURVIVAL RATES OF ESCHERICHIA COLI O157:H7
IN SURFACE WATER

1. INTRODUCTION

Microorganisms occurring in surface waters arededi in respect of their origin
and possibility of development, into autochthonagganisms, for whom water is the natu-
ral place of living, and allochthonous, that is @&fed, getting to water from other envi-
ronments. Spring waters contain the smallest ara@fniicroorganisms, whereas a con-
siderable development of microflora occurs in wateich in organic substances.
Microorganisms develop most numerously in surfae¢erg, which are not the natural
environment for pathogenic microflora [1]. Pathdgemicroorganisms penetrate into
surface waters together with faeces of people aimdads. The main sources of water pol-
lution
with pathogenic microorganisms are insufficientigated sewage introduced to water
reservoirs [2]. Organisms pathogenic for people anthals can get to lake waters
with surface flows of rain and melting snow, or amicolled sewage disposal [3].
The following species of pathogenic bacteria agentiost frequently isolated from surface
waters: pathogenic strains &scherichia coli, Campylobactespp, Salmonellaspp,
Mycobacterium tuberculosis, Vibrio cholerae, Claitrm perfringens BacteriaEsche-
richia coli are often used as indicators in the evaluatiosuoface water quality, also
including those used for recreational purposes [4].

Reduction in surface water pollution by pathogemicroorganisms is important
from the point of view of health protection of peopnd animals. In Poland water intend-
ed for human use is subjected to a number of phgfs@nical and bacteriological anal-
yses. To 2011 bathing waters were microbiologicedigitrolled in respect of the occur-

* Department of Animal Hygiene and Microbiology tfe Environment, University of Technology
and Life Sciences, ul. Mazowiecka 28, 85-084 BydgnsPoland.
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rence of bacteria of the gerBalmonelladue to a large risk of incidences of salmonelloses
in Poland. However, in accordance with the Reguiatdf the Ministry of Health

of 2011 [5], taking into consideration the qualitfywater used for recreation, it should
be subjected to systematic analyses for the pres#rsome groups of indicator microor-
ganisms, which includéscherichia coliand enterococci [6]. Marked out test bacteria may
indicate the occurrence of other pathogenic bactethathing waters.

In the natural environment occurs a very wide xeseof Escherichigbacilli, the fact
of occurring those microorganisms in people anthals is particularly dangerous. Bacte-
ria Escherichia colimay also occur in the organisms as commensalespqurforming
a positive role, among other things by the synshetivitamins of groups B, K and C
and colonization of mucous membranes preventingogahic bacteria from adhesion.
Among Escherichiacoli strains there are also pathogenic bacteria belgrigi enteric
pathogens, which include enteropathogenic stralPECE enterohaemorrhagic EHEC,
enterotoxic ETEC, enteroinvasive EIEC, enteroaguiey EAEC as well as diffusely
adherent DAEC. Parenteral strains include: urogminiec UPEC, MNEC inducing men-
ingitis and SEPEC causing sepsis [7]. Those bacéed characterized by the occurrence
of many genes of virulence, which are specific dolythe given pathotype, and genes
characteristic for the other pathogenic strain€.abli. The indicators of pathogenicity
of those bacteria include adhesins as well ascerdexd exotoxins. Kuhnert and Boerlin
[8] emphasize that an important marker of pathaggrof E.coli strains is the occurrence
of fimbriae of type 1 responsible for colonizatiand contributing to the development
of colibacteriosis. An essential exotoxin determgnipathogenicity ofE.coli strains
is hemolysin E located within plasmid Hly causing lysis of erythrocytes.

The presence of pathogenic bacteria in surfacasvased for recreation is particularly
dangerous for epidemiological reasons. Many pdugle access to infected water during
the holiday season, which poses a very large ttwehem due to the fast spread of bacte-
ria [9].

Although surface water reservoirs are charactertzgdh low content of bacteria
of the genug&scherichiawhen bacilli get to the alimentary tract togetivih contaminat-
ed water, they become dangerous to the organistditi@whlly, those bacteria are charac-
terized by a high survival rate in the water envinent. They are also resistant to envi-
ronmental stressors and fluctuations of abioticditimms, which makes them highly
hazardous for people [10]. Survival rates of thetdyéa Escherichia colidepends mostly
on the temperature, pH and the activity of wataerirenment antagonistic microflora.
Also different processes and physicochemical faatan have an effect on survival rates
of Escherichia colibacilli in surface waters. The bacteria are sesmsitdo the action
of gamma and beta radiation and the action ofidaplactic acid and other disinfectants
[4].

The aim of this study was to assess the survivétstherichia coliO157:H7 in lake
surface waters and to estimate the effect of differtemperatures on behaviour
of the tested bacteria.
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2. RESEARCH METHODS

Samples of surface water for laboratory analyseéended for the evaluation
of survival of Escherichia coliO157:H7 bacilli were collected from a lake situhte
in the Kuyavian-Pomeranian voivodeship, the distrid Bydgoszcz. The area
of the total drainage basin, coinciding with theedt drainage basin of the lake,
is 3.5 knf. The structure of drainage basin utilization, vehagricultural areas pre-
dominate, is one of the major factors negativélgating lake waters [11]. Material
for performing microbiological analyses was colégtin spring 2011 from the surface
layer of water at a depth of 30 cm directly to iedpottles with a volume of 5000 ml.
Water was poured to 2 separate bottles intendethitnobiological analyses. Water
samples were collected and transported accordingeistandard PN-EN ISO 5667
[12]. The standard straiBscherichia coliO157:H7 was used to the study. Bacteria
taken from the cryobank were passaged twice ontrifgone-soya agar at 37 °C
for 24 hours. Suspension was prepared from the mroolonies, introducing 12 ml
sterile demineralised water to the ampoule. Usiregdptical densitometer, the num-
ber of bacterial cells dEscherichia coliO157:H7 was determined in the inoculums
in the form of suspension on a level of*@ells in 1 ml. At the next stage
of the study, 5 ml of the tested bacteria suspengias inoculated to a container
with water with a volume of 5000 ml. Then the saesplvere left at room temperature
for 1 hour. After this time, the number of bacteischerichia coliwas determined
in 1 ml of inoculated water sample with the Mosblfable Number method (MPN).
Containers were placed at 4 and 20 °C. Water deliefrom the lake with inoculated
bacteriaEscherichia coliwas systematically subjected to microbiologicahlgses
in order to determine the survival rate of thedddtacteria in a time unit. To do that,
the method of decimal dilutions on the liquid lss#anmedium McConkey broth with
bromocresol purple (incubation for 24 hours, terapge 37 °C) was applied.
After the incubation, the colony was isolated witle method of surface inoculation
on solid selective Lactose TTC Agar media with itetglactose, bromothymol blue
and sodium sulphate. Plates with inoculations vilecabated at 37 °C for 24 hours.
BacteriaEscherichia coligrow on the Lactose TTC medium in the form of mun
smooth vyellow-orange colonies with the characteristellow crown around.
The presence of at least one such a colony wasnassas a positive result. Final
identification involved making biochemical testsRIA20E). The number of bacteria
was determined based on the Most Probable NumbBN)jMStatistical calculations
of the obtained results were made using the pa@genOffice.org Calc. version 3.3.
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3. RESULTS AND DISCUSSION

The results of microbiological analyses concertiivgsurvival rates dEscherich-
ia coli bacilli in surface water were presented in tafil&sand in figures 1-2.

From the analyses made it follows thzdcherichia coliO157:H7 bacilli showed
similar and even elimination rate in water sampigred at 4°C and 20 °C.
On the first day of the study after inoculating @ratvith tested bacteria their number
amounted to 4.5x10 MPN-mlI™* in both cases (table 1 and 2). After nine days,
the number of bacteria in water stored at °20 decreased rapidly to the level
of 9.5x1G MPN-ml™* (tab. 1).

Table 1. Number oE. coliin water at 20C.

Day of Number of bacteria

study [MPN-ml] [log MPN-ml™]
1 4,5 10 7.65
9 9,5 10 2.97
10 4,510 1.65
11 9,5 10" 1.97
12 1,5 10" 1.17
13 0,3 10" 0.47
14 0 0

In the case of samples of water stored &C4table 2), a considerable decrease
in the number ofEscherichia coli O157:H7 bacilli was recorded on 23 day
of the study, their number amounted to 1.5¥U®N-ml*, and then it lowered sys-
tematically to their complete elimination.

The results of the conducted experiment were stdgeto transformation and sta-
tistical analysis (table 3). In both cases the esltanged from 0 to 7.65 logMRN ™,
since after inoculation there was the same numibarelds of the tested bacteria
in the containers. The average number of bactegh$ in samples of water stored
at 20°C was 2.27 logMPhNnlI™* and was considerably smaller than in the caserof sa
ples of water stored at°€, which amounted to 3.30 logMRN™. Standard deviation
describing the distribution of the studied featareund its mean was similar in both
samples. In the case of water stored @ amounted to 2.56 logMPNI™, where-
as for samples of water placed atGtit assumed a value of 3.27 logMBN™. The
study conducted by Olszewska [13] indicated thatdirvival of indicator bacteria in
water is mainly affected by the temperature. Thia@uproved thaEscherichia coli
bacilli survive in water environment from 35 weeks4°C to about 70 weeks at 20
°C. According to Himathongkham et al. [14], the ¢imecessary in slurry to reach
90% elimination ofE.coli 0157:H7 amounts to 21.5 days atCGland 14.8 at 2€C.
Moreover, the authors emphasize a very importaat faat the time of survival
of Salmonella bacillis shorter by about 4 days. Moreover, the sanifakyconnected
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with the presence of pathogenic bacteria in surfaaters is substantial and it dis-
gualifies the usefulness of such basins for remmeaand bathing purposes [3].
In the present study, the actual survival time haf Escherichia colibacilli was re-
spectively 28 days at°€, whereas at a higher temperature those baetera identi-
fied for 13 days (table 1 and 2). Owing to thag phesent study confirms the fact that
at 4°C lowering of metabolism occurs in the tested &aat which had a more stabi-
lizing effect on the bacteria &scherichia coliO157:H7.Salmonellabacilli in liquid
animal faeces also show high resistance to temperdactors [15]. Wcisto and
Chrést [16], in turn, in the study discherichia colibacilli survival in fresh water
proved that survival of bacteria depends on the efaheir transferring from the op-
timal conditions to fresh water, after which sonfidh@ bacteria were capable to fur-
ther culture, some show correct metabolic processgsassumed non-culturable
forms. The other microorganisms did not survivearmslich conditions, whereas they
could die as a result of osmotic or temperatumesstr

Using the obtained results of the study, the coofseegression lines was deter-
mined and the maximal survival time B§cherichia colibacteria was estimated (fig.
1 and 2). In the experiment carried out for baat@riesent in water at°€ this time
amounted to 28 days, whereas in samples of wateedstat 20°C it was lower
and assumed a value of 14 days (table 3). The dhieal maximal time of their sur-
vival at both temperatures differed by 14 days.

Table 2. Number oE. coliin water at £C.

Day of Number of bacteria
study [MPN-ml] [log MPN-ml™]
1 4,5 10 7.65
9 4,5 10° 6,65
16 4,510 5.65
23 1,5 10° 2.17
27 0.9- 10 0.95
28 0 0
29 0 0

Data presented in figures 1 and 2 indicate thdidihces connected with the rate
of decrease in the number of tested bacteria weerded in both studied samples.
Allochthonous microorganisms, undergoing hungeressty decrease their size
and are not detectable with standard culture methbdt they can be observed
in direct preparations. This phenomenon was caligble but nonculturable (VBNC)
or dormant, that is sleeping. This is a state wigotharacteristic of live but not cul-
tured cells. Turning into VBNC state can constitategenetically programmed re-
sponse of the bacteria, ensuring survival in unfeable conditions. This does
not change the fact that bacteria in water enviemtirbeing in the VBNC state, pose
an undoubted threat to public health, since thegwslsome metabolic activity,
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and they also keep their virulence, whereas theynat detected in routine microbio-
logical analyses of waters, based on the culturthaoog4].

Table 3. Indexes characterizing inactivation dyrenaifE. coli bacilli in water at 4°C and 20 °C.

o g c

5 g 8 o] Survival

= < o

g b s Sx = - Index time of

o E bacteria

; $ |

l—

log MPN-ml*? a b Days

20°C | 0-7,65 2,27 2,56 6,58 0,94 -0,5902 8,1704 14
4°C 0-7,65| 3,30 3,27 10,71 0,91 -0,32(11 9,029 28

In the present study it was observed that the raitor determining the survival
of Escherichia coliw in the studied surface water is the temperatuhich is clearly
shown by the results of the experiment.

The temperature values indicate a relationship éetwthe rate of decrease
in the number of bacteria and their survival ra&t#ter the first week of the study,
the number of bacteria placed in water with a tenaijpee of 20°0C decreased, which
indicates a lower tolerance of such temperatureshbystudied bacteria. In water
stored at 4C a rapid decrease in the number of the testetbfimaavas not recorded,
but it was decreased systematically, which proldrtheir survival time in the studied
water samples. A similar relationship was recortdgdvVang and Dolle [17] who
reported that in water at°€ bacteria ofE.coli O157:H7 survived definitely longer
in comparison with water samples stored at@1

According to the study carried out by Chandran Hiath [18], Escherichia coli
bacilli survive longer at a lower temperature, Wwhi@n be connected with a decrease
in their metabolism rate. Different results werdaiied in the present study, where
the daily inactivation rate dEscherichia colirecorded in the studied water samples
amounted to 0.59 log at 20 °C and 0.32 log in waidr a lower temperature of 4 °C
(tab.3). The results of the study by Olszewska [h8icate that a weekly elimination
rate of those bacteria in water environment wag @g (20 °C) and 0.12 (4 °C).
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Fig. 2. Regression line &:.coli survival rate in water at 4 °C.

Longer time of survival of microorganisms in watenvironment results
from the phenomenon of hunger stress, which lea@sdecrease in the size of bacte-
rial cells, which are not detectable with standariural methods but can be observed
in direct preparations. This phenomenon was caifigle but nonculturable (VBNC)
or dormant, that is sleeping. This is a state attarsstic of live but not for culture
cells. Turning into the state VBNC may constitatgenetically programmed reply
of bacteria ensuring survival in unfavourable ctipds. However, bacteria
in the water environment, remaining at the statdNZBpose a unquestionable threat
to public health, since they show a certain metalaativity, but also they retain viru-
lence, and they are not detected in routine miotogical analyses of waters, based
on the culture method [3].
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Summing up the results of conducted analyses itbeaconcluded that the bacilli
of Escherichia colshow a long time of survival in the studied enviramt of surface
water (14 and 28 days), which may pose a signifittaneat to people using this basin.
Also the content of humic substances can exerigaifgiant effect on the degree
of microbiological pollution of surface waters. Acding to Vrede et al. [19],
a higher number of bacteria were isolated in sasnpfewater coming from a humic
lake, whereas the frequency of their occurrencgedtetween 9 and 43% and it was
of seasonal character. Owing to that, in the sumpeeiod at higher temperatures
of atmospheric air and surface waters, there iglaeh probability of survival in them
of pathogenic bacteria of the genusscherichia coli which also follows
from the present study.

4. CONCLUSIONS

* The conducted study indicated that the temperatfiseirface water is one of fac-
tors which affect the elimination rate Btcherichia colibacilli in this environ-
ment.

* The survival time of the bacteria Escherichia doliwater with a temperature
of 20 °C was 14 days, whereas in the case of waithr a temperature of 24C
it was longer and assumed a value of 28 days.
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biosorption, heavy metals

Magdalena ZABOCHNICKASWIATEK*

EFFECTSOF CLINOPTILOLITE ON BIOSORPTION
OF SELECTED HEAVY METALSBY CHLORELLA VULGARIS

The effects of natural clinotpilolite on biosorptiof selected heavy metals (chromium, nickel, zinc)
by the biomass of freshwater algaklorella vulgarisfrom the synthetic wastewater were determined.
The study was conducted in mono- and multimetalistems. The results showed that sorption
of a single metal was influenced by the presencthefother metal in the multimetallic systems.
Chromium(VI) was sorbed with higher efficiency frahe wastewater by algal biomass from the mul-
timetallic system was of 43% i6, = 10 mg/L, after 10 min. of contact time. The highaptake

of nickel(ll) reached by clinoptilolite was 94% @, = 10 mg/L, after 10 min. The obtained results
indicate that the highest uptake of zinc(Il) bynolptilolite was 78% at the lowe€h= 10 mg/L, after

30 min. The sorption of metal ions using microoigars and natural zeolites from wastewater
is a very promising technology.

1. INTRODUCTION

Heavy metal pollution has become one of the mapocern today. Because of their
toxicity, bioaccumulation, persistence and non-egrddability a number of technologies
for removal of heavy metals have been recentlyldped [1]. The majority of technolo-
gies used as the most effective means for munisg@hge treatment are based on biolog-
ical sorption [2, 3].

Algae belong to the plants that show fast and roatis growth at minimum environ-
mental requirements and irrespective from seaséhsMicroalgae can bind metals
through processes of biosorption. The process agohption by algae is mostly due
to the properties of a cell wall.

* Czestochowa University of Technology, Institute Exfivironmental Engineering, Bragcka 60a,
42-200 Czestochowa, Poland.



104 M. ZABOCHNICKA-SWIATEK

The removal of heavy metals by clinoptilolite has@-exchange and sorption nature
and can supports the biosorption process of heatglsnby microalgae. Clinoptilolite
also exhibits excellent adsorption capacities asndapendent sorbent for heavy metal
[5-8]. Moreover, clinoptilolite could be also usasl a very good flocculant for harvesting
of algae.

Chromium, nickel and zinc are common heavy metailsdustrial wastewater streams.
The type and the concentration of heavy metalshén municipal wastewater depend
on the level of urbanization of the catchment, sesystem and mainly on the share
of industrial wastewater. Heavy metals are presantdifferent forms depending
on the physico-chemical composition of the wastewailunicipal wastewater transport
heavy metals in ion form, hardly soluble precigisand organometallic complexes [9].
For example, the industrial waste water collecteawary settler (located near Zielona
Gora) contains Cr(VI), Ni(ll) and Zn(ll) at the FoWing concentrations: 0.06+1.1 [mg/l],
10.4+32.7 [mg/l] and 4.7=17.0 [mg/l], respectivgly0]. The river Biala Przemsza
in the lower course is also polluted by heavy rsef@he main source of this pollution
is the wastewater produced by zinc smelter andnigniand processing plants of Zn-Pb
ores. Cr(VI), Ni(ll) and Zn(ll) ions are presentBiata Przemsza at the following concen-
trations: < 0.003 [mg/l], 0.004+0.005 [mg/l] an@106+0.622 [mg/l], respectively [11].

The passive removal of heavy metals by biomataigjsires from the substrate to dis-
play high metal uptake and selectivity. Accordiadtte literature, there is no information
on the influence of natural clinoptilolite on biggtion of heavy metals by microalgal bi-
omass.

The aim of this study was to assess the effeatatofal zeolite — clinotpilolite on bio-
sorption of selected heavy metals (chromium(VBkel(ll) and zinc(ll)) existed in indus-
trial wastewater by the biomass of freshwater alghlerella vulgaris.The study was
conducted in mono- and multimetallic systems. dffiects of pH, concentrations of heavy
metals, removal selectivity and contact time on awh efficiency were analyzed,
and the optimum values were determined from expiah studies.

2. EXPERIMENTAL

The materials:
a) Chlorella vulgarisbiomass was used. The algae was cultured in 250agks
at 25+0.5°C on 12:12-h light: dark cycle. Cells in the exential growth phase
were used for all experiments. The algae were lstedeby filtration. Before use,
algae were washed with distilled water. The biomass dried in an oven
at 60 °C for 24h. The biomass concentration wak 5%o.
b) Natural zeolite (clinoptilolite) of granulation 6:0.2 mm was used. Studies
were carried out using clinoptilolite in untreatgadwdered form. The concentra-
tion of clinoptilolite was of 1%.
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c) The synthetic wastewater solution was preparec@oraance with the Polish

Standard PN-72/C-04550.09 [12].

d) The heavy metals (Cr,0O;, Ni(NOs),- 6H,0, Zn(NG),- 6H,O) solutions were

prepared in the forms of salts to obtain conceiotnabf 10, 50 and 100 [mg/L]

in suitable container. Mono- and multimetallic gyatwere used. The experiment
was performed in triplicates.

e) The heavy metals solutions dissolved in the syitheastewater were added

to the samples containing:

1. Chlorella vulgarisbiomass - 0.5%
2. Chlorella vulgarisbiomass - 0.5% and clinoptilolite - 1%
3. Clinoptilolite - 1%

AnalysesBased on the preliminary study, current invesiiget were conducted
for 10 and 30 min. of contact time. After 10 arfih®n the pH and heavy metal con-
tents measurements were made.

The pH determination in wastewater was done udiegptH-meter. Heavy metal
concentrations was determined by the emission gpaetry with inductively coupled
plasma ICP-OES according to the standard procdelNrEN 1ISO 11885:2001 [13].

Metal removal from the solution was calculatedoading to the formula (1):

removal (%) = % [100 (1)

0

WhereC, andCy are the initial and final metal concentrations {lohg

3. RESULTS AND DISCUSSION

3.1. EFFECT OF PH

Many studies have shown that pH is an importantofaaffecting biosorption
of heavy metals [14-17]. During the experiment, tdi@oval of heavy metals by some
biomass reached a high plateau at around pH 4+igber. It is well known that pH
affects the protonation of the functional groupstioa biomass as well as the metal
chemistry [18].

The ion-exchange adsorption of the metals by clifaje is also depending
on the pH. When the pH decreases the metal adsormiecreases. It is due
to the competition of hydrogen ions [19]. The comcation of hydrogen protons
at low pH value (below 5) is higher than the coriaion of metal ions because
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of the competition of these protons with metal iohise decrease of competing effect
between metal ions and hydrogen protons is obsesiidthe increase in pH value.
The metal ions, that are positively charged tookhdpfree binding sites. The increase
in sorption capacity at pH > 5 was described by yn@searchers [20-24]. The pH
values obtained during the current experiment webe21.

Hexavalent chromium is used in the industry in fitlven of chromate ion Crgd
above pH = 6 and dichromate ion §05)* below pH = 6. Redox potential and pH
influence on forms and sorption of chromium. Inthgalinity water of pH ~8 chromi-
um could be found as cation*CrForms: Ct" and Cf* are unstable. [25].

Nickel is essential for different organisms but higher concentration it can
be toxic. In wastewater nickel can be found asmimgehelates that are easy available
for plants. Predominantly nickel occurs in the tiva form Ni(ll) [26]. Different
organisms (eg. algae) and minerals (eg. clinojt#lplcan sorb nickel. Liming
and phosphorus fertilizers limit assimilation otkel for plants. Phytoassimilation
of nickel significantly decreases at pH > 6. [2B].the pH 4.0+4.5 the solubility
of that metal increases and nickel can be sorbsitref26]. As the pH increases,
the negatively charged surface Ghlorella vulgarisbiomass and clinoptilolite be-
comes available for nickel cations [27].

In the absence of inorganic and organic ligands, ftee Zn(ll) ion with water
molecules coordinates to form the octahedral Z@()H*. In freshwater at pH = 4-7
Zn(ll) exists as the positively charged ion’Zmt pH = 6 ZnSQand free ion domi-
nates [26, 20]. At pH > 9 anionic forms Zn(QHIn(OH); and Zn(OH)* dominates
[28]. PH and ratio of Ca/Zn determines level okiaslation of zinc by plants. Plants
can absorb zinc as Zn organic chelates as well as hydrated ions. [25].

3.1.1. MONOMETALLIC SYSTEM

During the experiment there was observed onlytk lthange (< 0.1) in the pH
values after 10 and 30 minutes of contact timesighificant decrease in pH values
as the initial metal concentration values increasas found in all samples.

Figure 1 presents changes in pH values with timeéndguemoval ofchromi-
um(VI) by C. vulgarisbiomass, clinoptilolite and the mixture Ghlorella vulgaris
biomass and clinoptilolite from synthetic wastewste

The pH range from 5.46 to 6.16 implies that dichatenion (C30;)> dominates
[28]. The maximum pH = 6.16 was observed after mih. of contact time
for the sample containing algal biomass, at thainmetal concentration of 10 mg/l.
The lowest pH = 5.46 was found in the sample withoptilolite at the initial metal
concentration of 100 mg/l after 10 min. of contiiwte.
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Fig. 1. pH values observed during the sorptionhmbmium(V1).

Figure 2 presents changes in pH values with timenguremoval of nickel(ll)
by C. vulgarisbiomass, clinoptilolite and the mixture Ghlorella vulgarisbiomass
and clinoptilolite from synthetic wastewaters.
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Fig. 2. pH values observed during the sorptionickel(ll).
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The maximum pH = 6.22 was present after 10 mircooftact time for the sample
containing clinoptilolite, at the initial metal coentration of 10 mg/l. The lowest
pH = 5.70 was found in the sample w@hlorella vulgarisat the initial metal concen-
tration of 100 mg/I after 10 min. of contact time.

In the obtained pH range nickel ions could be sdrtAccording to the literature,
nickel ions may be removed to a great extent afrphh 4.00 to 4.50 by algae [26,
20]. Nevertheless, the pH increase enhances tpd@ocapacity ofChlorella vulgar-
is biomass and clinoptilolite [27].

Figure 3 presents changes in pH values with timenduemoval ofzinc(ll)
by C. vulgaris biomass, clinoptilolite or the mixture @hlorella vulgaris biomass
and clinoptilolite from synthetic wastewaters.
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Fig. 3. pH values observed during the sorptionié(l).

The increase in pH values occured for the sampids @hlorella vulgarisbio-
mass at the initial metal concentration of 50 a@d thg/l from 5.55 to 5.95 and from
5.39 to 5.60, respectively. The decrease in pH fi&i#8 to 6.35 was observed
for the sample containinghlorella vulgarisbiomass at the initial metal concentration
of 10 mgl/l.

The maximum pH = 6.78 was present after 10 mircaoitact time for the sample
containingChlorella vulgarisbiomass, at the initial metal concentration of 1§/Im
The lowest pH = 5.39 was found in the sample vi@thiorella vulgaris biomass
at the initial metal concentration of 100 mg/I aft® min. of contact time.



Effects of clinoptilolite on biosorption of seletteeavy metals by Chlorella vulgaris 109

In the pH range from 5.39 to 6.78 zinc(ll) occurainly as an Zfi. The cationic
form can be sorbed by negatively charged sorbemtShéorella vulgaris biomass
and clinoptilolite [20-24, 26, 29].

3.1.2. MULTIMETALLIC SYSTEM - CR(VI), NI(Il) AND ZN(Il)

Figure 4 presents changes in pH values with timenduemovalof heavy metals
by C. vulgaris biomass, clinoptilolite or the mixture &@hlorella vulgarisbiomass
and clinoptilolite from synthetic wastewaters.
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Fig. 4. pH values observed during the sorption dume of heavy metals (chromium, nickel, zinc).

During the experiment there was observed onlytke lghange (< 0.1) in the pH
values after 10 and 30 minutes of contact time.iri@uthe experiment pH range was
from 5.21 to 6.04. The maximum pH = 6.04 was preaéer 10 min. of contact time
for the sample containinghlorella vulgaris at the initial metal concentration
of 10 mg/l. The lowest value of pH = 5.21 was foumdhe sample with clinoptilolite
at the initial metal concentration of 100 mg/l af8® min. of contact time.

At that pH range chromium (V1) ions are not effeely removed because anionic
complexes are predominant, and those complexestaensorbed due to the chemi-
cal structure [28, 30]. The anionic complexes caalleb affect the low pH values.
The removal of nickel(Il) and zinc(ll) ions holdgyaod potential. However, the heavy
metals removal could be more efficient if the tiofecontact would be longer [19-24,
26].
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3.2. THE INFLUENCE OF SORBENTS ON CR(VI), NI(Il) AND ZN(Il)
CONCENTRATIONS IN MONO- AND MULTIMETALLIC SYSTEMS

Multi-layered microfibrillar framework of the algatell wall is interspersed
with amorphous material consisting of glycoprotefis]. Proteins bonded to poly-
saccharides are the main components of the cellofi@reen algae [32]. The metal
binding on algal cells occurs due to the uroniadadthat are present on the cell wall
[31]. Metal biosorption by biomass is also dependen the other components
on the cell and the spatial structure of the callwrhe most important active sites
involved in the metal removal include: carbonylibeyl, sulfhydryl, sulfonate, thio-
eter, amine, secondary amine, amide, imine, imigazphosphonate and phos-
phodiester group [33].

Brinza et al. (2007) reviewed some marine micro avatroalgal species as bio-
sorbents for heavy metal ions. One of the micraalgeentioned in the rewiev was
Chlorella vulgaris.It was reported that this algae is able to absar¥, Ca, Fe, Sr,
Co, Cu, Mn, Ni, V, Zn, As, Cd, Mo, Pb, Se, Al antthe@r ions with good metal remov-
al capacity [34].

The binding of metal ions can be altered by modifan of the cell wall. To en-
hance the metal binding capacity various physical ehemical treatments could be
used [35]. Also the degradation of nonviable cahsl destruction of the cell mem-
branes offer a larger available surface area ancde himding sites which are im-
portant in biosorption process [36].

For clinoptilolite, the most abundant natural #eglsorption includes three stages:
the adsorption on the microcrystals' surface (fastess- first 30min), the inversion
stage and the moderate adsorption in the micradsysnterior. The part of heavy
metal is taken up at the first stage and adsorpifotine rest of metal amounts lasts
about 67h [19]. “Molecular sieving” is the abilitf clinoptilolite to selectively ad-
sorb cations. According to the equilibrium studiélse selectivity sequence can
be given as PB>CHE'>CU>Co*>Cr'>zn*>Ni**>Hg*" [37]. This selectivity
of clinoptilolite depends on the capacity of thedfated cation to move in the chan-
nels and pores. That depends on the function ofSil&l ratio in clinoptilolite.

In summary, natural zeolites hold great potentialedmove cationic heavy metal spe-
cies from industrial wastewater [37].

The mechanism for Cr(VI) removal may differ fronlhet metal ions. In algal bio-
mass pretreatment of the cells or the change frexavalent to trivalent chromium
form is essential to increase the removal efficye38, 39].

Cr*" and Cf* are the most available forms but they are lessletin soils. Dis-
solved forms of chromium such as Gf@nd Cr(OH) could be bioaccumulated, but
phyto- and zooplankton are able to absorb of chwmomin each form. Chromium sorp-
tion by plants is passive. Absorption and transpérchromium in plants is related
to iron concentration in plants, hence ratio ofFerin tissue of plants is almost con-
stant [25].
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With decreasing pH (below 6), the sorption of chiwm increases due
to the higher degree of protonation. Then, aparnfthe ion exchange there are also
the reduction processes observed and sorption %f Kleximum reduction was ob-
served at pH = 2 [40]. Sorption of chromium by ofitilolite was possible after Er
reduction to CY.

Figure 5 and Figure 6 present changes in concanmraif chromium(VI)
with time in the mono- and multimetallic systems.
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Fig. 5. Chromium(VI) concentration in the monométadlystem.

Since Cf* forms are unstable [25] then sorption of chromibynused sorbents
was pH dependent. No change or only a little changeeavy metal concentration
for monometallic system was observed for the sasnpiéh the mixture ofChlorella
vulgaris biomass and clinoptilolite and with clinoptilolitg the initial metal concen-
trations for both samples of 10 mg/l and 50 mgHisT also occured for the sample
with Chlorella vulgaris biomass at the initial metal concentration of 1G§Init was
observed for the samples wi@hlorella vulgarisbiomass at the initial metal concen-
tration of 10mg/l and 50mg/l and after 30min heamgtal concentrations equaled
7.29 [mg/l] and 44.00 [mg/l], respectively. Onlyrfthe sample with the mixture
of Chlorella vulgaris biomass and clinoptilolite at the initial metal centration
of 100mg/l after 10 and 30min of contact time thecréase from 91.00 [mg/l]
to 79.00 [mg/l] was observed. In multimetallic st no change or only a little
change in heavy metal concentration occured for damples with the mixture
of Chlorella vulgaris biomass and clinoptilolite and with clinoptilolitd the initial
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metal concentration of 10 mg/l. This also was obmsgifor the sample with the mix-
ture ofChlorella vulgaris biomass and clinoptilolite at the initial metal centration

of 50 mg/l. The heavy metal concentration valuestimer samples decreased after
10min of contact time and the further change waggiificant.
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Fig. 6. Chromium(VI) concentration in the multimditabystem.

Figure 7 and Figure 8 present changes in concemtraf nickel(ll) with time
in the mono- and multimetallic systems.

The decrease in metal concentration after 10 nficontact time and the further
decrease after 30 min. of contact time was fourallithe solutions at the initial met-
al concentration of 10 mg/L as well as of 50 mgfter 30 min of contact the heavy
metal concentration reached values: 25 [mg/l] & shmple witlChlorella vulgaris
biomass and 21 [mg/l] for the samples wihlorella vulgaris biomass and clinop-
tilolite and with clinoptilolite. At the initial mial concentration of 100 mg/| after 10
and 30 min. of contact time the decrease from 7@IJrto 72 [mg/l] was found in the
sample withChlorella vulgaris biomass and from 55 [mg/l] to 53 [mg/l] was
observed in the sample with the mixtureGiflorella vulgaris biomass and clinop-
tilolite.
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Fig. 7. Nickel(ll) concentration in the monometakliystem.
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Fig. 8. Nickel(ll) concentration in the multimetallic syste
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In the multimetallic system metal concentrationduga of all the samples
at the initial metal concentration of 10 mg/l dexsed after 10 min. of contact time
and the further change was insignificant. For the@es at the initial metal concen-
tration of 50 and 100 mg/l the values of heavy inetacentration have changed after
10 and 30 min of contact. After 30 min of contatctlee initial metal concentration
of 50 mg/l the decrease to 37 [mg/l] was foundhi@ sample wittChlorella vulgaris
biomass and to 25 [mg/l] for the samples vithiorella vulgarisbiomass with clinop-
tilolite and clinoptilolite. At the initial metalancentration of 100 mg/l metal concen-
tration values reached 86 [mg/l], 71 [mg/l] and[6®)/1], respectively for the samples
with Chlorella vulgarisbiomassChlorella vulgarisbiomass with clinoptilolite and
clinoptilolite.

Figure 9 and Figure 10 present changes in condemtraf zinc(ll) with time
in the mono- and multimetallic systems.
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Fig. 9. Zinc(Il) concentration in the monometallic system.

There was found a little decrease of Zinc (Il) aamcation in monometallic sys-
tem in the sample containir@hlorella vulgarisbiomass and the further change was
insignificant.. The decrease in metal concentrasifiar 10 min. of contact time and
the further decrease after 30 min. of contact tvas also found in all other solutions.
After 30 min. of contact at the initial metal cont@tion of 10 mg/l the concentration
reached values: 3.2 [mg/l] for the sample wihlorella vulgaris biomass and
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Fig. 10.Zinc(ll) concentration in the multimetallic system.

clinoptilolite and 2.2 [mg/l] for the samples wittinoptilolite. At the initial metal
concentration of 50 mg/l after 30 min. of contane the decrease to 31 [mg/l] was
found in the sample witiChlorella vulgaris biomass, to 18 [mg/l] was observed
in the sample with the mixture dEhlorella vulgaris biomass and clinoptilolite
and to 25 [mg/l] occured in the sample with clinlghte. At the initial metal concen-
tration of 100 mg/l after 30 min. of contact tinletdecrease to 76 [mg/l] was found
in the sample wittChlorella vulgaris biomass, to 56 [mg/l] was observed in the sam-
ple with the mixture oChlorella vulgaris biomass and clinoptilolite and to 57 [mg/l]
occured in the sample with clinoptilolite.

In multimetallic system metal concentration valddle sample containinGhlo-
rella vulgaris biomass at the initial metal concentration of 10Indgd not change
the concentration value. For the sample W@tilorella vulgaris biomass and clinop-
tilolite at the initial metal concentration of 10yrhand withChlorella vulgaris bio-
mass at the initial metal concentration of 50 niggdvy metal concentration values
decreased after 10 min. of contact time and théhéurchange was insignificant.
For the other samples the values of heavy metaterdration have changed after
10 and 30 min. of contact. After 30 min. of contatthe initial metal concentration
of 10 mg/l the decrease to 2.6 [mg/l] was founthiem sample witfChlorella vulgaris
biomass. At the initial metal concentration of 5@/lhhmetal concentration values
decreased to 23 [mg/l] for the samples withlorella vulgarisbiomass with clinop-
tilolite and to 26 [mg/l] for clinoptilolite. At tl initial metal concentration of 100
mg/l metal concentration values reached 79 [mgA][mg/l] and 69 [mg/l], respec-
tively for the samples withChlorella vulgarisbiomass,Chlorella vulgarisbiomass
with clinoptilolite and clinoptilolite.
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4. REMOVAL OF METALS

Based on the conducted investigations, chromium@a} sorbed with higher effi-
ciency from the wastewater by algal biomass fromrtiultimetallic system (Tab. 1).
The highest removal level of Cr(VI) reached by algeas in the metal concentration
of 10 mg/L and 50 mg/L. At the highest initial cemtration of Cr(VI)=100 mg/L
removal by algal biomass was neglible in monomietalystem and 22% and 15%
in the multimetallic system, after 10 and 30 mificontact time, respectively. After
30 min. of contact time the removal decreased. fE#meoval of chromium reached
by algae+clinoptilolite was the highest i@, = 100 mg/L, inCy = 10 mg/L
and inCy= 50 mg/L was neglible in the monometallic systamd af 6% in the multi-
metallic system.

When the anionic complexes are present the efiigieof the process could
be significantly diminished [28, 30]. Hexavalentr@mium is present as an anionic
form which has little affinity for negatively chard ion-exchange sites in clinoptilo-
lite. Therefore Cr(VI) was not effectively removedr(VI) could be effectively re-
moved only if it is previously reduced to trivaldotm [19].

The mechanism for Cr(VI) removal by algal biomaiteds from other metal ions.
Algal biomass pretreatment of the cells or the geafiom hexavalent to trivalent
chromium form is essential to increase the remeffadiency [38, 39].

The highest removal of nickel(Il) reached by clitimite was 94
in Co = 10 mg/L (Tab. 1). The selectivity series for Ni(lvas of clinoptilo-
lite>algae+clinoptilolite>algae in  the monometallicsystem and of al-
gae+clinoptilolite>clinoptilolite>algae in the minftetallic system. The selectivity
series atCy, = 50 mg/L was following: algae+clinoptilolite>cliptilolite>algae.
At C, = 100 mg/lL the selectivity series were following: I- a
gae+clinoptilolite>clinoptilolite>algae in the mometallic system and clinoptilo-
lite>algae+clinoptilolite>algae in the multimetallsystem after 10 min. and 30 min.
of contact time.

Due to the competition of ions lower removal effiety was observed in the mul-
timetallic system [19]. The nickel(ll) ions sorptialecreases as the pH value decreas-
es < 7 [19]. In the current experiment the higlpt$tvalues were observed at the ini-
tial metal concentration of 10 mg/l and the lowkst100 mg/l. The decrease in pH
values influenced the sorption. Only for the samplereChlorella vulgarisbio-
mass was used as a sorbent the highest removasvaticured at the initial metal
concentration of 50 mg/l. As the pH increases abb%e the negatively charged sur-
face ofChlorella vulgarisbiomass becomes available for nickel cations [2W]orel-
la vulgarisbiomass was added to the solution at the condemtraf 0.5% and clinop-
tilolite at 1.0%. It can be concluded that biomasscentration was insufficient
for effective sorption.
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Table 1. Percentage removal of Cr(VI), Ni(ll) and@nby investigated sorbents.

Contact time 10 min. 30 min.
Co 10mglL [50mglL [100mgL |l0mglL [50mglL [100 mgiL
Removal, %, Cr (VI)
algae (monometallic 33 16 0 27 12 0
aIgae+cI|nopt|IpI|te 0 0 9 0 6 21
(monometallic)
cllnoptllolltg 0 0 20 6 0 19
(monometallic)
algae (multimetallic) 43 28 22 41 12 15
algae+(.:I|nopt|.IoI|te 0 0 16 0 6 16
(multimetallic)
clinoptilolite 0 12 22 0 26 20

(multimetallic)

Removal, %, Ni(ll)

algae (monometallic 27 32 24 37 50 28

algae+clinoptilolite

: 65 48 45 64 58 47
(monometallic)
clinoptilolite 94 32 41 94 58 41
(monometallic)
algae (multimetallic) 16 32 18 8 26 14
algae+clinoptilolite 52 40 24 51 50 29
(multimetallic)
clinoptilolite 38 38 36 64 50 38

(multimetallic)

Removal, %, Zn(11)

algae (monometallic 3 32 22 8 38 24

algae+clinoptilolite

. 56 50 32 68 64 44
(monometallic)
clinoptilolite 68 32 45 78 50 43
(monometallic)
algae (multimetallic) 0 16 20 0 16 21
algae+(.:I|nopt|.IoI|te 59 50 33 57 54 39
(multimetallic)
clinoptilolite 57 36 29 74 48 31

(multimetallic)

The pH range in the current experiment for the gut&m on clinoptilolite is ap-
propriate, although in the first stage of the ixgkeange (during the first 30 min.),
nickel ions are not easily sorbed. This processiireg the longer time of contact
(up to 67h) [19].

The obtained results indicate that the highest waiof zinc(ll) by clinoptilolite
was 68% at the lowe€ly= 10 mg/L (Tab. 1). The lowest removal of zinc viagnd
by algal biomass, especially 0% of removal was tbatCy= 10 mg/L in the multi-
metallic system. Addition of clinoptilolite resuttein increase of removal.
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At C, = 10 mg/L the selectivity series were following: incptilo-
lite>algae+clinoptilolite>algae. For that samplésoathe highest pH values occured
during the current experiment. The selectivity egratC, = 50 mg/L as well
as atC, = 100 mg/L was following: algae+clinoptilolite>cbptilolite>algae after
10 and 30 min. of contact time.

It was observed the competition of ions, althougit as high as in the case
of nickel(ll). Only nickel(ll) sorption decreaseggysificantly due to the competition
[19, 37]. According to the literature, the biosdopt of zinc(ll) ions by algae
is the most efficient after longer time of contéetlh). After 30 min. of contact only
50% of ions can be sorbed [41].

The obtained results also indicated the selectsafyes for removal of investigat-
ed heavy metals from wastewater (Tab. 2).

Table 2. Selectivity series of algal biomass ambgitilolite towards Cr(VI), Ni(ll) and Zn(ll)
in the multimetallic systems.

Co 10 mg/L 50 mg/L 100 mg/L
Contact time 10 min. 30 min. 10 min. 30 min. 10 min. 30 min.
algae Ni>Cr>Zn(0%) Cr>Ni>Zn(0%) Ni>Cr>Zn Ni>Zn>Cr reZn>Ni Zn>Cr>Ni
algaet Zn>Ni>Cr(0%) | Zn>Ni>Cr(0%) | Zn>Ni>Cr(0%)| Zn>Ni>Cr(6%) Zn>Ni>Cr | Zn>Ni>Cr
clinoptilolite
clinoptilolite Zn>Ni>Cr(0%) Zn>Ni>Cr(0%) Ni>Zn>Cr INZn>Cr Ni>Zn>Cr Ni>Zn>Cr

There is found some differences in selectivity ey metals by algal biomass.
The initial concentration of heavy metals and contane influenced the selectivity
series by algal biomass. The addition of clinofitdéoinfluenced the stabilization
of selectivity towards heavy metals that then becamdependent of the initial con-
centration of heavy metals and contact time. To spmpresence and concentration
of other competing cations influenced the seletstimoval of heavy metals.

5. CONCLUSIONS

The results of investigation indicate that sorptignmixture ofChlorella vulgaris
biomass and clinoptilolite is an efficient methodr fremoval of Cr(VI), Ni(ll)
and Zn(ll) from synthetic wastewater. The removiaheavy metals by clinoptilolite
or the mixture ofChlorella vulgaris and clinoptilolite was the most efficient
at the initial metal concentration of 10mg/l. THady suggests that addition of cli-
noptilolite toChlorella vulgarisbiomass results in higher removal efficiency adihe
metals at initial concentration of heavy metals16f mg/L. Hence, low quantity
of biomass could be used in such system.
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The better removal efficiency was observed for nickel(11) and zinc(I1) ions from
the monometallic solution.

The biosorption of Ni(ll) and Zn(ll) bhlorella vulgarisbiomasswas the most
efficient of 32% at the initial metal concentration of 50mg/l, after 10 min. of contact
time and after 30 min. of contact time for Ni(ll) and Zn(ll) the removal of 50%
and 38% was found, respectively. The mixture Gilorella vulgaris biomass
and clinoptilolite enhanced the removal of nickel and zincCin= 50 mg/L
andC,= 100 mg/L.

The highest removal of nickel(ll) reached by clinoptilolite was 94%
in Co= 10 mg/L, after 10 min. of contact time. The results obtained indicate that at pH
range from 5.70 to 6.22 Ni(ll) ions could be sorbed, nevertheless based on the litera-
ture, it was hypothesized that a greater removal efficiency could be obtained at pH
from 4.00 to 4.50 for algae and after a longer contact time (up to 67h) for clinoptilo-
lite.

The obtained results indicate that the highest removal of zinc(ll) by clinoptilolite
was 78% at the lowes§l, = 10 mg/L, after 30 min. of contact time. At pH range from
5.39 to 6.78 Zn(ll) was present mainly as a positively chargétli@m and its sorp-
tion could occur. However, biosorption of zinc(ll) Bhlorella vulgarisbiomass
requires longer time of the contact.

It was observed that when the substances that form anionic complexes are present
as Cr(VI), theChlorella vulgarisbiomass was the most efficient sorbent. Chromi-
um(VI1) was sorbed with less efficiency than zinc and nickel. The higher efficiency
removal for chromium from the wastewater by algal biomass from the multimetallic
system was of 43% and monometallic system of 33%,m 10 mg/L, after 10 min.
of contact time. There was found that clinoptilolite and the mixture of al-
gae+clinoptilolite didn’t sorb chromium(VI) or the removal of this element was lower
(max up to 26%) than sorption by algal biomass.

To sum up, the biosorption of metal ions using microalgae and addition of natural
zeolites such as clinoptilolite could be a very promising technology for the recovery
of metal ions as well as removal of toxic heavy metal ions from wastewater,
but the appropriate pH conditions as well as the adequate time of the contact and ade-
guate dosage of sorbents are needed to make the process effective. The presence
and concentration of other competing cations influenced the selectivity removal
of heavy metals by algal biomass and clinoptilolite. Moreover, clinoptilolite could
enhance the sedimentation process.
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