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ABSTRACT. The microorganisms isolated from water samples at the wastewater
treatment facility KruSevac (Serbia) were screened for resistance to heavy metals and
antibiotics. Isolates were identified using morphological and biochemical tests, as well as
MALDI-TOF. The resistance to heavy metals was evaluated by determining the minimal
inhibitory concentration (MIC) and the minimal microbicidal concentration (MMC) using
the microdilution method. The minimal inhibitory concentration and disc diffusion
methods were used to assess antibiotic resistance. Isolates were identified as Morganella
morganii PMFKG-K1, Klebsiella oxytoca PMFKG-K2, K. oxytoca PMFKG-K3, K.
oxytoca PMFKG-K4, Serratia ligquefaciens PMFKG-K5, S. liquefaciens PMFKG-KB6,
Escherichia coli PMFKG-K7, and Bacillus cereus PMFKG-K8. The obtained results
indicated that most isolates in planktonic form showed resistance in the presence of heavy
metals such as Pb?*, Zn?*, Cu?*, and Mn?*, but showed sensitivity in the presence of Cd?*,
Hg?*, and Cr®* and antibiotics. All isolates exhibited desirable characteristics for potential
use in bioremediation.
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INTRODUCTION

Industrialization and urbanization are the main sources of several types of hazardous
waste. According to the literature, the most important environmental pollutants are heavy
metals, which have become a serious threat to all life forms, including microorganisms
(TABAK et al., 2005). Not all metals are toxic to microorganisms; some of them are important
for their normal functioning, playing key roles in numerous cellular processes and being part
of the structure of the cell membrane, proteins, and DNA (WALDRON and ROBINSON, 2009).
However, in high concentrations, they can also be toxic to cells and disrupt the metabolism of
microorganisms. The toxicity of a metal depends on its biological availability and absorbed
dose, and the main mechanisms by which metals harm microorganisms are the disruption of
enzymatic activity, the presence of reactive oxygen species, DNA damage, and inhibition of
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transcription and translation (HASSEN et al., 1998). In addition to the affinity of heavy metals
to bind to thiol groups and macro biomolecules (NIES, 1999), the toxicity of heavy metals also
depends on environmental factors such as pH and oxygen, which affect the solubility and
availability of heavy metals (SCHULz-ZUNKEL and KRUEGER, 2009). Because heavy metals
cannot be completely removed from nature, microorganisms attempting to survive and avoid
cellular damage in an environment contaminated with heavy metals develop a variety of
mechanisms to combat their toxic effects. This property of microorganisms is used in
bioremediation, and hazardous metals are converted into less toxic metals with their
assistance (GADD, 2000).

Because metals do not degrade, are stable, and remain in nature for a long time, they
can exert pressure and influence the spread of antibiotic resistance genes through mechanisms
such as co-resistance, cross-resistance, and co-regulation (AsHBOLT et al., 2013). NGUYEN
and colleagues (2019) compared data from different studies and discussed the correlation
between resistance to heavy metals and antibiotics registered in microorganisms living in
different environments. They concluded that this phenomenon is more common in sediments
than in water bodies. This is thought to be due to dilution in aquatic environments, while
sediments are more like biofilms (NGUYEN et al., 2019). Whether these bacteria are found in
soil or water, they pose a major threat to human health because horizontal gene transfer
results in the propagation of antibiotic resistance genes, creating a community of
microorganisms that are resistant to antimicrobials (HARRIS et al., 2012). Some studies have
investigated the exchange of antibiotic resistance genes between environmental bacteria and
pathogenic bacteria (SEIER-PETERSEN et al. 2014; DiN et al., 2021), while others have found
no correlation between elevated concentrations of metal ions and antibiotic resistance
(DEREDJIAN et al., 2011; GHAZISAEEDI et al., 2020).

There are numerous studies examining the effect of heavy metals and antibiotics on
planktonic cells of microorganisms, that have been isolated from different areas (HASSEN et
al., 1998; SELvI et al., 2012; Gruic¢ et al., 2018; TAHMOURESPOUR, 2021). Based on the
effect that heavy metals have on microorganisms, the current study evaluates their further
application in bioremediation processes. Specifically, this study aims to investigate the
resistance of selected microorganisms isolated from wastewater treatment plant to certain
concentrations of heavy metals or antibiotics.

MATERIALS AND METHODS

Isolation and identification of microorganisms

The wastewater samples were collected from the wastewater treatment plant in Kruse-
vac (Serbia) at the beginning of May 2022. Wastewater samples were taken from the biolo-
gical reactor and the secondary sedimentation tank. The colonies of bacterial species most
prevalent in the examined samples were isolated and grown on differential and selective
mediums for further research. Pure cultures were obtained by screening the selected isolates
with the method of exhaustion. Cultures were incubated at 26°C and 37°C for 24 hours before
the examination of morphological and biochemical characteristics. Morphological character-
istics (shape, Gram staining) were examined using a light microscope (Olympus, U-RFLT-T,
GmbH, Germany). The examination of biochemical characteristics was carried out using ca-
talase, oxidase, citrate, indole, H>S, lactose, sucrose, glucose, dextrose, urease, and Methyl
Red/Voges Proskauer (MR/VP). The identification of bacterial isolates was confirmed by ma-
trix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS).
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Resistance of planktonic cells to heavy metals and antibiotics

Preparation of the solutions of metals and antibiotics

Resistance of planktonic cells was tested in the presence of heavy metals (Pb?*, Zn?*,
Cu?*, Mn?*, Cd?*, Hg?" and Cr®") originating from the Pb(NOs)2, ZnSOs, CuSOs, MnCly,
CdSOg4, HgCly, and KoCr207 salts (Sigma-Aldrich, St. Louis, MO, USA), as well as antibiotics
[ampicillin (Am) (ATB Pharma, Belgrade, Serbia), azithromycin (He) (Hemofarm, VrSac,
Serbia), cefepime (C) (Hemofarm, Vrsac, Serbia), ceftriaxone (Az) (Hemofarm, Vrsac, Ser-
bia), ertapenem (E) (MERCK SHARP & DOHME D.0O.0., Belgrade, Serbia), levofloxacin
(Le) (Zentiva Pharma d.o.0., Belgrade, Serbia), tetracycline (T) (Pfizer Inc., USA)]. All metal
compounds and antibiotics were dissolved in sterile distilled water.

Microdilution method

The microdilution method was used for the assessment of the effect of selected heavy
metals and antibiotics on the planktonic growth of isolated bacteria (SARKER et al., 2007). 100
uL of TSB was added to each well of the 96-well plate. In the first row of the plate, 100 pL of
the stock solution of the tested substances was added, and then serial dilutions were made.
The concentration range for Pb?*, Cu?* and Mn?* was from 4 to 0.031 mg/mL, for Zn?* and
Cd?* from 20 to 0.156 mg/mL, for Hg?* and Cr®* from 0.5 to 0.003 mg/mL, while the obtained
concentration range for all antibiotics was from 0.5 to 0.003 mg/mL. After that 2.5 uL of the
glutathione (TwinLab) which served for neutralization of heavy metals was added to the part
of the plates where heavy metals were dispensed, while 10 pL of resazurin (Alfa Aesar GmbH
& Co., KG, Karlsruhe, Germany) was added to all wells of the plate. Sterile 0.85% saline was
used to create initial suspensions of a few fresh colonies that were taken from slant agar.
Bacterial suspensions were obtained from cultures, incubated for 24 h at 26°C, and adjusted
around 10% CFU/mL by dilution. 10 pL of suspension of each tested microorganism was
added to the plates. Each plate included growth control and sterility control. The plates were
incubated for 24 h at 26°C and after that, MIC values were determined, while MMC values
were determined after 48 h. Based on the color shift of resazurin, it was determined that there
is a minimum inhibitory concentration of the dissolved material at which microorganisms’
growth is inhibited. All measurements were made in triplicate, and values were constant. The
minimum lethal concentration (the concentration that did not allow the growth of microor-
ganisms on solid agar) was determined by transferring 10 uL of the sample without a color
change to solid agar.

Disk-diffusion method

The resistance ability of isolates to antibiotics was determined by using the disc diffu-
sion method. Bacterial suspensions were prepared by the direct colony method. Initial bacte-
rial suspension contained about 108 CFU per mL. After suspensions were made, an inoculum
of bacteria was swabbed onto the surface of Mueller—Hinton agar plates. Saturated filter paper
discs, with a standardized concentration of antibiotics, were placed on the surface of plates,
and the size of the inhibition zone around each disc was recorded after 24 h of incubation. The
discs contained the following four antibiotics with various ways of action: tetracycline (30
Kg); streptomycin (10 pg); cefotaxime (5 pg) (Biolab, Budapest, Hungary), and chloramphe-
nicol (30 ug) (Torlak, Belgrade, Serbia). The interpretation of zones of inhibition (mm) was
conducted according to EUCAST (2023). The ranges of inhibition zones for Enterobacteriales
according to EUCAST (2023) are: to cefotaxime sensitive >20, resistant <17; and to
chloramphenicol sensitive >17, resistant <17. Considering that for Enterobacteriales range of
inhibition zones for streptomycin and tetracycline are not included in susceptibility test
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reports of EUCAST (2023), tested isolates were classified as sensitive or resistant to these
antibiotics according to the diameter of inhibition zone given in the standard antibiotic disc
chart (streptomycin sensitive >15, resistant <11; tetracycline sensitive >19, resistant <17)
(FERREIRA DA SILVA et al., 2007; FouAD, 2011). Since tested antibiotics did not have defined
clinical breakpoints for Bacillus spp. in EUCAST guidelines, we also classified B. cereus as
sensitive or resistant according to the diameter of inhibition zone given in the standard
antibiotic disc chart (cefotaxime sensitive >23, resistant <15; chloramphenicol sensitive >18,
resistant <12; streptomycin sensitive >15, resistant <11; tetracycline sensitive >19, resistant
<17) (FERREIRA DA SILVA et al., 2007; FOUAD, 2011).

Statistical analysis

The measurement results were statistically processed using Microsoft Excel (Red-
mond, Washington, DC, USA).

RESULTS AND DISCUSSION

Isolation and identification of microorganisms

Eight bacterial strains were identified as Morganella morganii PMFKG-K1, Klebsiella
oxytoca PMFKG-K2, K. oxytoca PMFKG-K3, K. oxytoca PMFKG-K4, Serratia liquefaciens
PMFKG-KS5, S. liquefaciens PMFKG-K6, Escherichia coli PMFKG-K7, and Bacillus cereus
PMFKG-K8. Gram staining and biochemical assays (Table 1) revealed that isolated Gram-
negative bacteria include M. morganii, K. oxytoca, S. liquefaciens and E. coli, whereas only
B. cereus was isolated Gram-positive bacteria. The obtained results showed the analyzed
strains matched with high score values with each corresponding strain type already present in
the Bruker MALDI Biotyper database. Score values were between 1.78 and 2.36.

Resistance of planktonic cells to heavy metals and antibiotics

By determining the minimum inhibitory concentration (MIC) and minimum
microbicidal concentration (MMC), the resistance of planktonic microorganisms was tested in
the presence of heavy metals (Table 2). All tested isolates showed resistance to Pb?* (MIC
between 2 and >4 mg/mL), Zn?>* (MIC between 5 and >20 mg/mL), Cu?* (MIC between 0.5
and 4 mg/mL), and Mn?" (MIC between 0.25 and >4 mg/mL). The lowest resistance for all
tested isolates was observed in the presence of Cd?* (MIC between <0.156 and 2.5 mg/mL),
Hg?* (MIC between 0.015 and 0.25 mg/mL), and Cr®* (MIC between 0.007 and 0.25 mg/mL),
except for both strains of S. liquefaciens PMFKG-K5 and PMFKG-KG6 that showed resistance
in the presence of Cd?* (MIC and MMC between 1.25 and >20 mg/mL).

In the study by ORrJi et al. (2021), the trend of heavy metal removal by the strain
Morganella sp. WEM7 was as follows: Cu > Ni > Pb > Hg > Zn > Cd (100, 98.64, 97.48,
93.33, 80.85, 68.42%), whereas the present study showed slightly better resistance in the
presence of Zn?* than Hg?*. RAMYA and THATHEYUS (2019) indicated that isolated M.
morganii ACZ05 can be a very good choice for Zn?** removal. M. morganii ACZ05 showed
high MIC values for Zn?*, indicating its resistance to this metal, which is consistent with our
study. M. morganii (1Ab1) was able to reduce Cr®" at a concentration of 4.6 mg/mL after
being treated with raw tannery wastewater at 48 hours of incubation, pH 7.0, and a
temperature of 37°C (PRINCY et al., 2020). In our study, M. morganii PMFKG-K1 was
sensitive in the presence of Cré*.

Klebsiella oxytoca has been studied for its metabolic properties and is considered a
promising microorganism for the bioremediation of heavy metals such as Pb, Zn, and Mn



211

(MuRoz et al., 2015; BARBOZA et al., 2018; TAHMOURESPOUR, 2021). This is in accordance
with our results for K. oxytoca which showed resistance in the presence of the mentioned
metals. In the study by TAHMOURESPOUR (2021) it has been indicated that the isolated strain
K. oxytoca ATHAL also developed resistance mechanisms in the presence of Cd?*, which is
not the case in our study.

KUMAR et al. (2019) isolated and evaluated S. liquefaciens BSWC3 and Klebsiella
pneumoniae RpSWC3 isolates for bioremediation effectiveness in both single and mixed
cultures. These isolates showed very good bioremediation efficiency for Cd®* which is in
accordance with our study. Serratia sp. is also one of the heavy metal-resistant species
isolated from the sample collected from the industrial effluents containing metallic
contaminants such as Pb?*, Zn?*, Cu?*, Ag?*, and Hg?>* (RAMYA and BOOMINATHAN, 2017). In
the study by AHMED et al. (2020) it is shown that S. liquefaciens is resistant to Cr®* but not to
Cd?* and Pb?*. The isolates S. liquefaciens, PMFKG-K5 and PMFKG-K6 used in the current
study showed resistance in the presence of Cd?* and Pb?*, but not in the presence of Cr5*.

Escherichia coli isolated from petroleum refinery effluent and utilized in the study by
OAIKHENA et al. (2016) had a low maximum tolerance concentration for Cd?* when compared
to Crb*, Ni?*, and Zn?*. Enterobacteriaceae and Bacillaceae are facultative anaerobic bacteria
able to obtain energy in the absence of oxygen and survive in extreme conditions like in
refinery petroleum effluent (OAIKHENA et al., 2016) and during the processing of wastewater
(FERREIRA DA SILVA et al., 2007). Wastewater treatment plants are also important reservoirs
of human and animal commensal bacteria (FERREIRA DA SILVA et al., 2007). In the current
study, bacteria were isolated from the biological reactor and the secondary sedimentation tank
where a large proportion of bacteria survive with only temporary access to oxygen (facultative
anaerobes) or even survive without it (obligate anaerobes). These bacteria play a very
important role in wastewater treatment by facilitating the decomposition of macromolecular
organic matter into simpler compounds (CyPROWSKI et al., 2018). In the study by RAIBANSHI
(2008) ten heavy metal resistant bacteria were isolated from the oxidation ditch of the
Guheswori Sewage Treatment Plant. One of them was E. coli, which showed resistance in the
presence of Cré*. On the other hand, E. coli used in the current study had the lowest resistance
in the presence of Cr® compared to other tested isolates, it also showed sensitivity in the
presence of Cd?*, but not in the presence of Zn?". The study of Nwacwu et al. (2017)
revealed that Pb?*, Zn?* and Cd?* concentrations were reduced by E. coli to 100, 52.23, and
74.91%, respectively. The results obtained from the investigation done by DEBORAH and RAJ
(2016) indicated that isolated E. coli had degraded tested heavy metals in different
percentages: 41% (Zn), 56% (Cu), 56% (Fe), 39% (Mn), 51% (Cr), 51% (Pb), 67% (Cd), 67%
(Ni), 100% (As), and 100% (Hg). The E. coli PMFKG-K7 strain employed in the current
investigation demonstrated remarkable resistance to Pb?* and Cu?*, but not to Hg?*.

It has been shown that bacteria from the genus Bacillus are able to bioaccumulate
different heavy metals. Various tolerances in heavy metal resistant bacteria are frequent
because heavy metals can have similar toxic mechanisms (ANUSHA and NATARAJAN, 2020).
In the study by GUPTA MAHENDRA et al. (2014) B. cereus, B. carotarum, B. lentus and B.
licheniformis, showed a wide range of resistance to different heavy metals such as Pb%*, Zn?",
and Cr®. ANUsHA and NATARAJAN (2020) showed that the bioremediation efficiency of B.
cereus was found to be 91.98% (Cu?*), 79.9% (Cr®"), 97.17% (Pb?*), 77.44% (Zn?**), 81.6%
(Fe?"), 62.8% (Mn?*) and 60.92% (Mg?*) respectively. Indigenous microorganisms are very
useful in the treatment of metal contaminated spaces. B. cereus RC-1, growing under various
pH values and initial metal concentrations, was able to remove a few heavy metals, such as
Cu?* (16.7% maximum removal efficiency), Zn?* (38.3%), Cd?* (81.4%), and Pb?" (40.3%)
(HUANG et al., 2018). Bacillus cereus PMFKG-K8 used in the current study showed good
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resistance in the presence of Pb?*, Zn?*, Cu?*, and Mn?" which is in accordance with
previously mentioned studies.

Heavy metal contamination of an ecosystem led to selection pressure for antibiotic
resistance in bacteria living in such conditions (TIMONEY et al., 1987). Genes that are
involved in this resistance can be located on mobile genetic fragments that can move from one
bacterium to another, either through a transformation or conjugation (HARRIS et al., 2012).
Many investigations have shown the same resistance mechanisms that protect microorganisms
and are utilized to combat the lethal effects of antibiotics and heavy metals (PAL et al., 2017).
Morganella morganii used in the study by RAMYA and THATHEYUS (2019) was only resistant
to Ticarcillin. The correlation between metal and antibiotic resistance in K. oxytoca isolated
from industrial effluent was found (TAHMOURESPOUR, 2021). This occurred as a response of
bacteria to the increased concentration of heavy metals discharged into industrial effluents.
The results of the study by SINEGANI and YOUNESSI (2017) indicated the multiple antibiotic
resistance patterns in the isolates of agricultural soils (Ampicillin, Amoxicillin, Vancomycin,
Tetracycline, Doxycycline, and Streptomycin). They concluded that Gram-negative strains
showed a high rate of co-resistance to Hg?" and antibiotics, as well as between Zn?*, Hg?*,
and Ni%* to the g-lactam antibiotics in Gram-positive strains. Serratia liquefaciens and B.
cereus used in the study by AHMED et al., (2020) were multi-metal and multi-drug resistant
(amoxicillin, ampicillin, cefixime, ceftazidime, and tazobactam). YAMINA et al. (2012) and
RAJBANSHI (2008) demonstrated that Klebsiella sp., E. coli and Bacillus sp. isolated from
wastewater exhibited co-resistance to heavy metals and antibiotics. Bacillus strains used in the
study by YAMINA et al. (2012) demonstrated combined resistance to Pb?*, Cd?*, and Zn?* and
ampicillin, and Bacillus strains used in another study showed resistance to the highest
concentrations of Pb?*, Zn?*, and Cu?* and ceftriaxone, tetracycline, and ampicillin (SHAMMI
and AHMED, 2013).

The isolates tested in our investigation demonstrated antibiotic sensitivity in the range
of <0.003 mg/mL and 0.062 mg/mL, with no detected correlation between heavy metals and
antibiotics resistance. Results obtained by the disc diffusion method showed that none of the
tested isolates exhibited full resistance to the four tested antibiotics (Table 4). The examined
isolates displayed sensitivity to chloramphenicol (inhibition zone in the range from 27 to 40
mm), streptomycin (inhibition zone in the range from 18 to 26 mm), and tetracycline (inhibi-
tion zone in the range from 28 to 40 mm). All isolates were sensitive to cefotaxime (inhibition
zone in the range from 24 to 40 mm) except for B. cereus PMFKG-K8. According to CITRON
and APPLEMAN (2006) B. cereus s.s. is typically resistant to penicillin and other g-lactam
antibiotics. By our results B. cereus PMFKG-K8 was resistant to cefotaxime and cefepime,
which are g-lactam antibiotics also.

CONCLUSION

The present study examined the effect of certain concentrations of heavy metals and
antibiotics on isolates of microorganisms selected from the wastewater treatment plant Kru-
Sevac (Serbia). The identification of isolates was confirmed on MALDI-TOF, and the micro-
dilution method was used to determine the minimum inhibitory concentration (MIC) and mi-
nimum microbicidal concentration (MMC) of the tested heavy metals. Minimum inhibitory
concentration (MIC) and disk diffusion method were used for investigation of resistance to
antibiotics.



Table 1. Biochemical reactions of tested isolates

Microorganisms Oxidase Catalase Citrate Urease H2S Indole Glucose Sucrose Lactose Dextrose VP/MR

M. morganii PMFKG-K1 - + - + - + + . . - -+

K. oxytoca PMFKG-K2 - + i + - i + + + + +/-

K. oxytoca PMFKG-K3 - + + + - + + + + + +/-

K. oxytoca PMFKG-K4 - + i + - i + + + + +/-

S. liquefaciens PMFKG-K5 - + + - - - + + - - -[+

S. liquefaciens PMFKG-K6 - + i - - - + + - - -[+

E. coli PMFKG-K7 - + - - - + + + + + -+

B. cereus PMFKG-K8 - + + + - - + + - + +/-

+ positive reaction, - negative reaction

Table 2. Resistance of planktonic cells to the presence of heavy metals
Metals
Pb Zn Cu Mn Cd Hg Cr
Microorganisms MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC

M. morganii PMFKG-K1 2 2 20 20 1 4 >4 >4 <0156 0312 0.125 0.125 0.125 0.125
K. oxytoca PMFKG-K2 4 4 5 5 4 4 1 1 0.625 2.5 0.25 0.25 0.166 0.25
K. oxytoca PMFKG-K3 2 4 >20 >20 2 4 025 025 <0.156 0.312 0.062 0.062 0.031 0.041
K. oxytoca PMFKG-K4 4 4 10 10 4 4 2 2 <0.156 0.312 0.062 0.104 0.031 0.041
S. liquefaciens PMFKG-K5 4 4 >20 >20 2 2 4 4 2.5 >20 0.062 0.062 0.166 0.25
S. liquefaciens PMFKG-K6 >4 >4 5 5 4 4 4 4 1.25 >20 0.104 0.104 0.25 0.25
E. coli PMFKG-K7 >4 >4 10 10 2 2 0.5 16 <0.156 0416 0.052 0.052 0.007 0.01
B. cereus PMFKG-K8 2.3 >4 5 10 0.5 2 4 4 <0.156 <0.156 0.015 0.026 0.125 0.25

MIC values (mg/mL) — means inhibitory activity; MMC values (mg/mL) — means microbicidal activity



Table 3. Resistance of planktonic cells to the presence of antibiotic

Antibiotics
Am Az C E He Le T
Microorganisms MIC MIC MIC MIC MIC MIC MIC
M. morganii PMFKG-K1 0.19 <0.003 <0.003 <0.003 0.051 <0.003  <0.003
K. oxytoca PMFKG-K2 0.062 <0.003 <0.003 <0.003 0.025 <0.003  <0.003
K. oxytoca PMFKG-K3 0.051 <0.003 0.032  <0.003 0.015 <0.003  <0.003
K. oxytoca PMFKG-K4 0.051 <0.003 <0.003 <0.003 0.012 <0.003  <0.003
S. liquefaciens PMFKG-K5 0.025 <0.003  <0.003 <0.003 0.007 <0.003 0.005
S. liquefaciens PMFKG-K6 0.031 <0.003  <0.003 <0.003 0.007 <0.003 0.007
E. coli PMFKG-K7 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
B. cereus PMFKG-K8 0.062 0.062 0.5 <0.003 0.007 <0.003  <0.003

MIC values (mg/mL) — means inhibitory activity; ampicillin (Am), ceftriaxone (Az), cefepime (C), ertapenem (E), azithromycin (He), levofloxacin (Le),
tetracycline (T)

Table 4. Determination of resistance to antibiotics by disk-diffusion method

Antibiotics (ug)

CTX

S

TE

Microorganisms

[EEN
o

M. morganii PMFKG-K1
K. oxytoca PMFKG-K2

K. oxytoca PMFKG-K3

K. oxytoca PMFKG-K4

S. liquefaciens PMFKG-K5
S. liquefaciens PMFKG-K6
E. coli PMFKG-K7

B. cereus PMFKG-K8

nmw nu nmu nu n nn

S

N O nu nu nu n n ol

mw umv unmv unmv unmu unmu ounuom

mw umu;m ;o n;m o w;m

S

chloromphenicol (C), cefotaxime CTX), streptomycin (S), tetracycline (TE); r-resistant, s-sensitive



215

Based on the obtained results, it could be concluded that isolated bacterial species in
planktonic form showed better resistance to heavy metals such as Pb?*, Zn?*, Cu?*, and Mn?*
compared to Cd?*, Hg?*, and Cr®, as well as to tested antibiotics. Given that the tested
isolates showed resistance in the presence of some heavy metals they can be further studied
for their application in the process of bioremediation. In order to assess their heavy metal
removal capacity, the effect of these heavy metals on individual and mixed biofilms of tested
bacterial species should also be studied.
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