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ABSTRACT

Sanitary cleanness of water is one of the most important components of contemporary water
management. However, many potentially hazardous microorganisms are often found in water. These
include bacteria such as Escherichia coli and enterococci (former streptococci). Both enterococci and
many intestinal bacteria can lead to several diseases which are hazardous to humans and animals.
These microorganisms are a leading cause of infections in the gastrointestinal tract, with its symptoms
including diarrhoea, fevers, intestinal and digestive problems. However, in certain cases of the above
infections, tissues which are important to the function of human body can be affected (e.g., joints,
lungs, soft tissues, kidneys, endocardium, etc.). These bacteria, especially if drug-resistant, can lead
to sepsis (especially in people with weak immunological system), which is potentially hazardous to
human life. For this reason, both intestinal bacteria and enterococci should be eliminated through a
water treatment step in municipal wastewater treatment plants. The material was sampled from a
medium-sized wastewater treatment plant in the southern part of Poland. The plant uses a biological
wastewater treatment process based on activated sludge. After pure water is separated from sewage
sludge in this process, it is transferred to the water receiver (river). The examinations revealed the
presence of indicator bacteria, that is, intestinal bacteria and enterococci in the analysed water samples

following the treatment process.
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1. Introduction

The wastewater treatment process is one of the key
elements of contemporary water management. Unfortunately,
many potentially hazardous microorganisms are often found
in water. The most characteristic microorganisms represent
water contamination indicators. These include such bacteria
as Escherichia coli and enterococci (former streptococci).
These and other indicator bacteria are used to determine
microbiological contamination of surface waters during
routine laboratory tests [1].

* Corresponding author.

Both enterococci and many intestinal bacteria can lead
to several diseases which are hazardous to humans and
animals. They represent a leading cause of infections in the
gastrointestinal tract and manifest themselves by diarrhoeas,
fevers and abdominal pain. In more serious cases, other
important tissues which are critical to the functioning of
human body can be affected, for example, joints, lungs, soft
tissues, kidneys, endocardium, etc. Unfortunately, these
bacteria can lead to sepsis, especially in people with weak
immunological system, which is potentially hazardous
to human life [2]. A particularly dangerous problem is the
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phenomenon of resistance of many types of bacteria present
in the environment to various types of drugs, including
antibiotics. Wastewater, sewage sludge, fertilizers derived
from animal matter and water purified in wastewater
treatment plants can represent reservoirs for such forms of
microorganisms [3-5].

The aim of the research was to determine the presence of
sanitary indicators (intestinal bacteria and enterococci) in the
analysed sewage samples after the purification process. Their
drug resistance was also determined. This is an important
aspect of the research, because the sewage after the treatment
processes is discharged directly into the river.

2. Materials and methods

The research was carried out for effluent (after the
process of wastewater treatment) discharged to the river. The
samples were taken from a municipal wastewater treatment
plant in a town with around 33,000 people. Wastewater in
this location is treated by means of biological processes using
activated sludge. Next, sewage sludge is separated with belt
presses and effluent is discharged to the river.

The wastewater treatment plant is located in the northern
part of the city with ca. 33,000 inhabitants at the left bank of
the river. The plant has a permit required by Water Law Act
for discharging the treated wastewater to the river fork with
the amount of Q__ of 9,000 m%d (Q__ , - 15,000 m%/d) and
with the content not exceeding;:

maxd

General suspension 35 mg/L
BOD, 15mg O,/L
CODCr 125 mg OZ/L
Total nitrogen 15 mg N/L
Total phosphorus 2 mgP/L

The basal (standard) values of chemical pollutants in the
treated wastewater do not exceed the permissible values.
Technological processes in this plant are performed based on
biological aerobic treatment (activated sludge) in the aeration
chambers. The sewage sludge is dewatered on belt presses
and solar dried after liming. After treatment, the wastewater
is discharged to the river. Equivalent number of inhabitants
is 44,000.

The samples of wastewater discharged to the river that
were used for the examinations were sampled in three
repetitions with the amount of 1 dm?® Next, the averaged
sample was supplied directly to the laboratory and subjected
to examinations in the period of 2 h from sampling.

The effluent samples were analysed microbiologically.
A series of dilutions in saline solution (with decimal
progression) were prepared at the first stage. Next, 0.1 mL
of each of the above dilutions was spread on Endo, BEA
and nutrient agars with three repetitions. Incubation was
performed for 24 h at 37°C. Samples were taken and analysed
three times at monthly intervals (from August to the end of
October). In this time, wastewater temperature in the (open)
bioreactor was reduced from 21°C to ca. 14°C, which was
connected with natural cooling in the period of autumn.

Identification of individual groups of microorganisms
used the respective selective agar mediums. Endo agar is

used for quantitative determination of bacteria from coli
group and other intestinal bacteria from water, wastewater,
etc. Lactose-fermenting bacteria grow in the form of claret or
dark red colonies. The bacteria without such properties pro-
duce colourless or light pink colonies. BEA agar was used for
selective isolation of enterococci. These bacteria grow on this
agar in the form of small colonies with grey or black colour
with characteristic blackened zone around. This is caused
by the esculin capabilities to hydrolyse to esculetin. Unlike
staphylococci, enterococci hydrolyse this compound in sev-
eral hours after inoculation and do not produce catalyse [6,7].
Agar medium (M-PA) was used to determine the total count
of mesophilic microorganisms in the samples.

After bacterial colonies were grown, they were sieved for
three times using the reduction method in order to obtain
pure strains. With various and microbiologically reach envi-
ronments of wastewater and water after treatment, individ-
ual colonies on the microbiological agars are often formed by
more than one species, which can make process of identifi-
cation very difficult. This can be observed for Gram-stained
preparations. For this reason, it is necessary to perform at
least three reduction inoculations.

Identification of intestinal bacteria was based on bio-
chemical Microgen GN-ID A + B multitests which take into
consideration analysis of the capability of decomposition
of 24 substrates. Enterococci were identified by means of
Microgen Strep ID biochemical multitests. As recommended
by the manufacturer of the multitests, enterococci were incu-
bated for 24 h at temperature of 37°C. The results obtained
were analysed by means of Microgen MID 60 software.

Drug resistance test of intestinal bacteria and enterococci
isolated from effluent was performed using the disc diffusion
method. The basic criterion for selection of antibiotics for
examinations of drug sensitivity of the strains was their activ-
ity in clinical conditions with respect to the Enterobacteriaceae
family and Enterococcus genus. Current recommendations
concerning their choice, published by EUCAST (European
Committee on Antimicrobial Susceptibility Testing), were
also used. The guidelines of these institutions were based on
current scientific research and numerous experiences of clin-
ical microbiologists that have performed such examinations
routinely.

Antibiograms were prepared based on cell concentration
(in the bacteria suspension) of ca. 0.5 on the McFarland scale.
The scale is used for determination of the density of cell sus-
pension and recommended in the methodology of analysis of
sensitivity of microorganisms to antibiotics using the disc dif-
fusion test. The previously purchased standardised reference
models were used to determine the degree of opaqueness
and density of bacteria suspension that provides on average
information on cell count which is similar to the aforemen-
tioned methodology.

The Mueller-Hinton agar recommended in clinical
diagnostics was used for the purpose. In the case of intes-
tinal bacteria, analysis of drug susceptibility to amikacin,
co-amoxiclav, cefazolin, ceftazidime, cefuroxime, ciprofloxa-
cin, ampicillin and gentamicin was performed. Furthermore,
in the case of enterococci, tests were performed to examine
susceptibility to ampicillin, ciprofloxacin, penicillin, eryth-
romyecin, streptomycin, vancomycin, chloramphenicol, tetra-
cycline, linezolid and imipenem [8,9]. Concentrations of the
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Table 1

25

Results of antibiograms for individual bacteria from the Enterobacteriaceae family isolated from the effluent

Species of bacteria

Amikacin Co-amoxiclav Gentamicin Cefazolin Ciprofloxacin Ceftazidime Cefuroxime Ampicillin

isolated from the (AK30) (AK30) (CN10) (CZ30) (CIP5) (CAZ30) (CXM30) (AM10)
effluent

Escherichia coli S S S S S S R S
Morganella morganii R S S R S S MS R
Enterobacter cloacae S S S S S S R R
Klebsiella oxytoca S S S S S S S R
Klebsiella ozaenae R S S S S S R R
Serratia odorifera S S S S S S R R
Enterobacter S S S S S S S R
aerogenes

Note: S, susceptible, MS, medium susceptible, R, resistant.

antibiotics tested resulted from guidelines used. For the bac-
teria from the Enterobacteriaceae family, the content of antibi-
otic in a single disc is presented in Table 1, with abbreviation
of the antibiotic’s name (in pg). Furthermore, for the bacte-
ria from the Enterococcus genus, the content of antibiotic in
a single disc is presented in Table 2, with abbreviation of the
antibiotic’s name (in ug).

After even spreading of the suspensions of the bacte-
ria isolated on the Mueller-Hinton agar surface (on Petri
dishes), the dishes soaked with the respective antibiotics
were applied and the incubation was performed at the tem-
perature of 37°C for 1 d. The results concerning susceptibil-
ity to individual antibacterial substances were read from the
interpretation tables for minimal inhibiting concentrations
and the size of growth inhibition zones developed by the
European Committee for Determination on Antimicrobial
Susceptibility Testing [10].

In the methodology of determination of drug sensitivity to
antibiotics using the disc diffusion test, the measurement was
performed for the growth inhibition zone on the agar where a
bacterial suspension was spread and the discs with antibiotics
were inserted, with the value presented in millimetres. With
standardised conditions of incubation, the antibiotic diffuses
to the agar at a specific rate. A concentration gradient zone is
formed around the disc. The sensitive microorganism grows
only to the place where the minimum inhibitor concentration
value is reached. The more sensitive the organism, the greater
the distance from the disc where it can grow on agar. This
translates into the magnitude of the growth inhibition zone:
the greater the zone, the more active the antibiotic. No inhibi-
tion zone or the zone is smaller than indicated in the standards
for reading the antibiogram means that this microorganism is
resistant to drug concentrations used in clinical conditions.
These standards are regularly published by EUCAST and
National Reference Center for Microbial Susceptibility. In
some regions of the world, individual values can slightly dif-
fer depending on the adopted guidelines.

3. Results and discussion

The quantitative analysis revealed (Table 3) that total
mesophilic bacterial count in the effluent discharged to the
river from the wastewater treatment plant was 1.3-3.6 - 10°

in 1 ecm?®. The intestinal bacterial count ranged from 1 - 10* in
the third sample taken in October to 8.1 - 10* in the first sam-
ple from the end of August (Table 4). Presence of the following
intestinal bacteria was found in the samples: Escherichia coli,
Enterobacter cloacae, Enterobacter aerogenes, Klebsiella oxytoca,
Klebsiella ozaenae, Serratia odorifera, Morganella morganii
(Table 1). Apart from these bacteria, typical saprophytic gen-
era present in the environment were isolated on the Endo
agar, including Pseudomonas stutzeri, Pseudomonas fluorescens
and Alcaligenes faecalis. Qualitatively, they represented only
an insignificant percentage of all the bacteria obtained on this
microbiological agar.

Enterococci (streptococci) were present only in the form
of individual cells per 1 cm® of the effluent samples (Table 4).
Presence of Enterococcus faecalis was found in the first sample,
the second sample of effluent did not contain these bacteria,
whereas the third contained only Enterococcus gallinarum.
Other species of this type were not found in the samples
studied (Table 2).

Sanitary safety of water is an important problem. Sewage
treatment should reduce or eliminate pathogenic microor-
ganisms which are particularly hazardous to animal and
human health. Apart from bacteria from the Enterobacteriaceae
family which are always present in the human gastrointesti-
nal tract, various amounts of enterococci are also transferred
to municipal wastewater. After treatment, water from the
wastewater treatment plants is usually discharged to natural
water reservoirs, for example, rivers. Therefore, the risk of
the spread of pathogenic forms in the environment seems to
be real [11].

The condition of the effluent discharged to water receiv-
ers depends on the type of technological processes used to
treat wastewater. Further processing of sewage sludge gener-
ated as a final waste after processes of wastewater treatment
may impact on migration of contaminants to waters. The
most frequent processes used to limit the amount of patho-
gens include methane fermentation of both wastewater and
sewage sludge [12,13]. Another biological method used to
treat wastewater is activated sludge.

In the case of indicator bacteria such as those from
Enterobacteriacene family and Enterococcus genus, their
presence was demonstrated in the analysed effluent sam-
ples after the treatment process. Intestinal bacterial count
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Table 3
Total mesophilic bacterial count in effluent samples for the
set temperature at the sewage outfall (CFU — colony-forming

unit/mL)
n n
Type of isolated Series1 Series2 Series 3
microorganisms (CFU/mL)
Total mesophilic bacterial 26-10° 14-10° 1.3-10°
count
n n
Effluent temperature during 21°C 17.5°C  14°C
sampling
Table 4
@ @ Enterobacteriaceae and Enterococcus bacterial count in the effluent
samples for the set temperature at the sewage outfall (CFU - col-
ony-forming unit/mL)
Type of isolated Series1  Series2  Series 3
~ n microorganisms [CFU/mL]
Enterobacteriaceae 81-10* 55-10* 1-10*
Enterococcus 7 0 2
Effluent temperature 21°C 17.5°C 14°C
during sampling
~ n
(Enterobacteriaceae) was at a worrying high level. Total count
of Enterobacteriaceae bacteria in treated sewage ranged from 1
% % - 10* to 8.1 - 10* CFU/mL. Total heterotrophic bacterial count

ranged from 1.3 - 10° to 2.6 - 10° CFU/mL. However, in their
study on the degree of water pollution and quality of fish,
Al-Bahry et al. [14] demonstrated greater total bacterial
count. It was on average 3.5 - 10° CFU/mL.

Presence of enterococci was also found. However, only
very small amounts (only in the first and third samples) were
Mooow» observed for these bacteria. Therefore, they do not represent
a serious epidemiological problem in the water discharged to
the river analysed in the study. However, the intestinal bac-
teria can pose a potential hazard in the case of their contact
with the water during, for example, a bathe in the river in
summer or watering farming animals. From 0 to 7 CFU/mL
bacteria were isolated. Although greater Enterococcus bacte-
rial count was found in a study concerning the analysis of
presence of these bacteria in treated sewage from 14 sewage
treatment plants in Portugal and their resistance to antibi-
otics published by Costa et al. [15]. The researchers isolated
from 0.1 - 10" to 3.2 - 10* CFU/mL of these microorganisms. In
this study of the Enterococcus type, the researchers isolated
E. faecalis and E. gallinarum. In the treated sewage, Costa et al.
[15] found Enterococcus faecium.

It was found during the examinations that the decline
in the ambient temperature and water in the wastewater
treatment plant led to a gradual reduction in the mesophilic
microorganism count, including those from Enterobacteriaceae
family. Therefore, it can be assumed that water cleaned in
the wastewater treatment plant (using the activated sludge
method) will pose the highest hazard in summer months.
At low temperatures, these bacteria are relatively quickly
ousted by the group of psychrophiles and do not remain in
waterways for a long time.

S
S

Enterococcus
Enterococcus

Note: S, susceptible; MS, medium susceptible; R, resistant.

Faecalis
gallinarum
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The study also found a faster decline of intestinal bac-
terial count compared with other microorganisms that can
grow at the temperature of 37°C. Bacteria which belong to
the Pseudomonas, Acinetobacter or Aeromonas, are usually char-
acterised by a wider thermal optimum for the development
compared with the microorganisms adapted to tempera-
tures similar to the physiological temperature of humans
and warm-blooded animals, such as Escherichia, Klebsiella,
Salmonella, Enterobacter, Proteus, Morganella, Citrobacter and
Hafnia. This results in improved adaptation to variable phys-
ical parameters of the environment [2].

Examinations of drug resistance of the bacteria of the
Enterobacteriaceae family demonstrated that such properties
canbe found in five of seven tested species. Inastudy of treated
sewage, the bacteria isolated from the Enterobacteriaceae fam-
ily included: Escherichia coli, Morganella morganii, Enterobacter
cloacae, Klebsiella oxytoca, Klebsiella ozaenae, Serratia odorifera,
Enterobacter aerogenes. The particularly dangerous is the pres-
ence of the bacteria of the Klebsiella genus. This is so-called
“signal” bacteria, which signals the infection risk. Toxins
produced by the bacteria of this type can lead to serious dis-
eases. It produces beta-lactamase and therefore is resistant to
penicillin and ampicillin. It is often present in the intestines,
but it can be also found in other parts of human body. The
most frequent infections with these bacteria occur in hospi-
tal. However, as demonstrated in this study, the source of
these bacteria can be sewage, even those subjected to treat-
ment. Hospital wastewater can be particular source of bacte-
ria resistant to ciprofloxacin and other antibiotics, especially
those of Klebsiella spp. and Aeromonas spp. [16,17].

Similar results of the examinations in this study were
obtained by Al-Bahry et al. [14]. The researchers isolated
similar bacterial species from treated wastewater and water.
Most of them were of Klebsiella genus whereas less frequent
were Serratia, Escherichia, Enterobacter and Vibrio. The authors
of the cited examinations also obtained similar results of
resistance of isolated bacteria to the antibiotics as in this
study. Percentage of ampicillin-resistant bacteria was in both
cases almost 100%.

Apart from Escherichia coli, all of them are naturally lit-
tle susceptible to ampicillin. Escherichia coli was resistant
to cefuroxime, Morganella morganii to amikacin, cefazolin
and medium susceptible to cefuroxime. Enterobacter cloacae
showed resistance to cefuroxime, Klebsiella ozaenae to amikacin
and cefuroxime, and Serratia odorifera to cefuroxime. Proper
drug resistance profile was found for Enterobacter aerogenes
and Klebsiella oxytoca. Similar findings concerning the spread
of drug-resistant forms of gram-negative bacteria containing
plasmid-encoded extended-spectrum beta-lactamases (ESBL)
was obtained by Korzeniewskaand Harnisz[18]. ESBL decom-
pose antibiotics that contain the beta-lactam ring. Beta-lactam
antibiotics include all the antibiotics excluding cephamycin
and carbapenems, that is, penicillin, cephalosporins and
monobactams. Bacterial strains that can synthesise ESBL
include the group of so-called alert pathogens. These include
the bacteria from the Enterobacteriaceae family (e.g., Escherichia
coli, Salmonella enterica, Klebsiella pneumoniae). They are often
characterised by drug resistance, which leads to limitation of
the opportunities for choosing the efficient antibiotic ther-
apy. The cited authors found genes transferred by plasmids
that encode susceptibility to beta-lactams in nearly 10% of

bacteria isolated from effluent after wastewater treatment.
The authors demonstrated that these genes are released to the
environment, which can help them spread among the envi-
ronmental bacteria. Examinations demonstrated that despite
treatment, municipal wastewater and purified water can rep-
resent the microorganisms resistant to antibiotics and genes
resistant to drugs. This might represent a threat to human
health. This problem requires extending the evaluation and
control of processes of wastewater treatment.

In other research, Harnisz et al. [19] analysed quality
of water in the Drweca river and found that the variety of
tetracycline-resistant genes increased in the bacteria they
determined. The researchers found that the bacteria from
Aeromonas sp. and Acinetobacter sp. were able to transfer 6
of 13 resistance genes of E. coli, which can contribute to the
spread of resistance to antibiotics in the water environment.
Bacteria belonging to the genus Serratia isolated from
effluent and water can also transmit plasmid-encoded
beta-lactamases in the environment as was demonstrated in
the studies [20].

In the case of bacteria from the Enterococcus family,
E. gallinarum was characterised by the profile of susceptibility
characteristic for wild strain whereas E. faecalis was resistant
to erythromyecin, streptomycin and linezolid and medium
susceptible to penicillin. Xua et al. [21] demonstrated
that plasmids can mediate transfer of genes that cause
resistance to certain drugs between gram-negative bacteria
(with phylogenetically distant genomes) and E. faecalis and
E. faecium.

Both isolated species of bacteria of the Enterococcus genus
weresusceptible toampicillin. Differentresults of examinations
were obtained by Costa et al. [15], who isolated this type of
bacteria from the treated waste. The results of the examina-
tions reflect greater resistance of isolated microorganisms
to ampicillin. There were from 0% to 17.2% bacteria resis-
tant to this antibiotic. The authors cited also demonstrated
a worrying high percentage degree of resistance of bacteria
to vancomyecin (from 0% to 3.1%), tetracycline (from 11.9% to
53.1%), chloramphenicol (from 0% to 13.4%) and ciprofloxa-
cin (from 6.0% to 28.1%) compared with authors of the pres-
ent study. Both examinations demonstrated that processes
of sewage treatment are unable to ensure complete elimina-
tion of drug-resistant enterococci in water environment. A
study by Monticelli et al. [22] also emphasised resistance of
E. gallinarum to vancomycin, which is used to treat serious
bacterial infections (mainly in hospital settings).

The wastewater was biologically treated using the
activated sludge method. The benefits of treatment by means
of activated sludge include high effectiveness at insignificant
land demand. Removal of BZT5 (BOD-Biological Oxygen
Demand) and suspension amounts to 95%, whereas reduc-
tion in pathogenic bacterial count at properly performed
process reaches 98%. Based on the literature data, one can
conclude that in the processes of mechanical treatment,
the removal concerns around 20% of total bacterial count,
90% of Salmonella and Mycobacterium tuberculosis bacteria.
Furthermore, in the processes of biological wastewater treat-
ment using sewage sludge, these percentages are 90%-98%
of reduction of total bacterial count, 55%-98% reduction in
Salmonella and 45% reduction in the count of Mycobacterium
tuberculosis [23].
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In the municipal wastewater treatment plant analysed in
this study, no additional effluent is made after completion of
the entire process, for example, using UVC-emitting lamps,
which is likely to be the major cause of such a high bacterial
count, including the Enterobacteriaceae family that represent a
sanitary hazard.

The basis for classification of the condition of sur-
face and underground waters is currently defined by the
Water Framework Directive (WFD). After adoption of
the WFD by Poland, the evaluation of purity and utility
of waters was replaced by the assessment of the ecolog-
ical state. Therefore, the evaluation concerns the condi-
tion of water considered not only as economic resources
but also as an element of the ecosystem. According to the
Ordinance of the Ministry of the Environment as of 21 July
2016 on classification of the condition of uniform parts of
surface waters and environmental quality standards for
priority substances, the classification adopts five quality
classes [24].

The examinations of river water to which treated
wastewater is discharged are performed by the analysed
treatment plant and point to the fourth class of quality of
surface water. This suggests poor ecological quality of water.
Discharge of the treated wastewater does not lead to increased
degree of pollution. However, presence of drug-resistant bac-
teria in this wastewater can contribute to their spread in the
water and soil environment.

4. Conclusion

The results containing the quantitative and qualitative
presence of bacteria from the Enterobacteriaceae family and
Enterococcus genus in the effluent samples after purifica-
tion in the municipal wastewater treatment plant lead to the
following conclusions:

e The samples contained various mesophilic bacteria,
including those from the Enterobacteriaceae family.

* Amount of intestinal bacteria discharged to the river with
effluent from the wastewater treatment plant was at a
worrying high level.

® Presence of drug-resistant forms of both intestinal
bacteria and enterococci was observed in the samples.

® Percentage share of bacteria from the Enterobacteriaceae
and other mesophilic bacteria decreased noticeably
with reduction in the temperature of wastewater in the
treatment process.

e Enterobacteriaceae were the most sensitive to the reduction
in temperature compared with other mesophilic bacteria
present in the effluent samples.

e Lower effluent temperatures during the treatment
process are conducive to limitation of the mesophilic
bacterial count, including Enterobacteriaceae family.

® The amount of enterococci in the effluent samples was at
a very low level.
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