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EFFECTIVENESS OF REMOVING
MICROBIAL POLLUTANTS FROM WASTEWATER
BY THE ACTIVATED SLUDGE METHOD

Wastewater contains numerous saprophytic microorganisms, pathogenic and potentially patho-
genic. Detection of bacteria indicating the sanitary state of polluted waters shows the possibility of
occurring of pathogenic microorganisms in that environment. In the presented paper, the effective-
ness of removing microbiological pollutions from wastewater treated by the activated sludge method
has been evaluated, by estimating the elimination of E. coli, faecal streptococci, rods of the genus
Salmonella and bacteria of the family Enterobacteriaceae. Experimental research showed that often
in spite of a high degree of elimination of bacteria at individual stages of treatment, they are still
identified in wastewater discharged to the water environment. The fact of occurring bacteria of the
family Enterobacteriaceae and rods of Salmonella in treated wastewater discharged to surface waters
is particularly worrying.

1. INTRODUCTION

Municipal wastewater treatment plants can be classified as serious sources of
emission of microbiological pollutions to the environment, including viruses, bacteria
and protozoans pathogenic for people. They pose a potential threat to human health
and contribute to a progressing degradation of waters making wastewater receiving
bodies [1]. Microorganisms most frequently isolated from wastewater belong to the
families Enterobacteriaceae, Pseudomonadaceae, Lactobacillaceae and Micrococca-
ceae. Moreover viruses, protozoans and numerous filamentous fungi are identified [2].
It is commonly known that raw municipal wastewater contains a great number of
pathogenic and opportunistic microorganisms, as well as those antibiotic resistant
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including multidrug resistant, mainly of intestinal origin [3]. In processes of wastewater
treatment, a considerable reduction in pathogenic microorganisms occurs; however
successive stages of processing (dehydratation) may lead to an increase in their con-
centration [4]. The presence of pathogenic microorganisms depends mainly on two
factors, that is on the occurrence of pathogens among people inhabiting the given area
connected to the sewerage system and on the ability of pathogenic microorganisms to
survive in wastewater and during processes of sewage sludge processing [5]. In 1 g of
excrements of an ill person there are found, on average: 10® cells of Escherichia coli,
10° rods of Salmonella, 10° Shigella, 10°~10" units of viruses, 10° oocysts of protozo-
ans of the genus Giardia and many other pathogenic microorganisms. Kinde and
Atwill [6] report that people with acute salmonellosis can excrete from 10° to 10"
bacterial cells of Salmonella in 1 g of excrements. According to Olanczuk-Neyman et
al. [7], the following species of the genus Salmonella are most frequently identified in
wastewater: S. thompson, S. virchow, S. dublin and S. infantis. Along with household
wastewater, bacteria occurring permanently in the intestinal tract of people and ani-
mals such as: enteric rods of the family Enterobacteriaceae, faecal streptococci are
introduced to water receiving bodies, there can also be bacteria causing many diseases
of gastro-intestinal character. Therefore insufficiently treated wastewater may pose
threat to people using surface waters, where run-offs from wastewater treatment plants
are discharged, for recreational purposes. Detection of bacteria indicating the sanitary
state in polluted waters suggests the possibility of the occurrence of pathogenic bacte-
ria [8].

Disinfection of wastewater should be definitely regarded the most appropriate way
of protection of water environment against microbiological pollution. In technological
practice, two groups of methods for disinfection of treated wastewater are used: chem-
ical methods, consisting in chlorination, ozonization, using peracetic acid or performic
acid, and physical ones, involving the use of UV radiation or membrane methods. All
those methods are characterized by a number of advantages and disadvantages, con-
nected with particular conditions of realization, mainly with their costliness [9, 10].

Under specific conditions, even small or very small amounts of discharged
wastewater can pose a threat to areas under particular protection. In spite of the fact
that municipal wastewater contains large amounts of microorganisms including patho-
genic agents, reducing their population has never been the priority of the wastewater
treatment plant [3, 10]. According to George et al. [11], it is necessary to conduct re-
search determining the effectiveness of eliminating pathogenic microorganisms from
wastewater using indicator bacteria for this purpose.

The aim of this study was to evaluate the effectiveness of wastewater treatment by
determining the elimination of E. coli, faecal streptococci, rods of the genus Salmonel-
la and bacteria of the family Enterobacteriaceae from the studied environment.
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2. MATERIALS AND METHODS

Collecting wastewater samples for the study. The subject of this study was house-
hold wastewater deriving from a mechanical and biological wastewater treatment plant
in Kuyavian-Pomeranian voivodeship. The following samples were collected to the
analysis: raw wastewater (A), wastewater after treatment on sieve-grit chamber (B),
wastewater from the denitrification chamber (C), wastewater from the nitrification
chamber (D) and treated wastewater discharged to the river (E). Wastewater samples
were collected according to the instructions of collecting, handling and storage given
in EN 25667-2 and PN-EN ISO 5667-3. Analyses of the collected wastewater were
made 7 times in the autumn—winter period and the spring—summer period. The number
of Escherichia coli bacteria, faecal streptococci, rods of the genus Salmonella and the
number of bacteria of the family Enterobacteriaceae was determined in the waste-
water (cells-cm™).

Determination of the number of Escherichia coli. Quantitative determination of
Escherichia coli in wastewater was carried out based on calculation of the most prob-
able number (MPN) with a 3-tube set, using McCrady’s tables. For initial analyses, the
fermentation tube technique was applied, with the use of a liquid medium with lactose
and bromocresol purple (Mac Conkey Bulion, Merck). At the first stage, decimal dilu-
tions of wastewater from 10™' to 10°® were made in three replications. Then the sam-
ples were incubated at 37 °C for 2448 h. A change in the liquid medium colour from
violet into yellow as a result of decomposition of lactose and the presence of gas in the
Durham tube was regarded as a positive result. Positive and doubtful samples were
confirmed using the solid selective medium — Tergitol-7-agar with addition of 1%
TTC (2,3,5-triphenyltetrazolium chloride). Incubation for 24 h at 37 °C. TTC and
tergitol 7 cause the inhibition of growth in the most of Gram-positive bacteria. Bacte-
ria fermenting lactoses produce acids which results in a decrease in pH of the medium.
This is observed through change in coloration of the medium from green into yellow,
thanks to the presence in the medium of the pH indicator — bromothymol blue. Apart
from selective properties, TTC contained in the medium performs the role of
a diversifying factor. Microorganisms having ability to reduce TTC to red formazan at
the lack of ability to decompose lactose will grow in the form of colonies with dark
red colour. In contrast, bacteria lactoso(+) reducing TTC will grow in the form of col-
onies with yellow and orange to brick-red. Escherichia coli and bacteria of the coli
group grow in the form of yellow or yellow and orange colonies, sometimes with
a rust-coloured centre, the medium around colonies under the filter changes colour
into yellow [PN-77/C-04615].

Determination of the number of faecal streptococci. To determine the number of
faecal streptococci in wastewater, azide dextrose broth (Merck) was applied at the first
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stage of the study. Azide and sulfate(IV) present in the medium inhibit the develop-
ment of Gram-negative accompanying bacteria, and Gram-positive bacteria are slight-
ly inhibited by low concentrations of crystal violet, whereas streptococci do not re-
spond to the action of this compound at such concentration. Cultures made in this way
were incubated at 37 °C for 24-48 h. Turbidity of the medium (PN-82/C04615.25)
was regarded the positive result of the initial analysis. In the next stage, from each
positive culture in tubes with the multiplying-selective medium scratch inoculations
were made on kanamycin esculin azide agar. Incubations were performed at 37 °C for
24-48 h. Positive result of the analysis confirming the presence of faecal streptococci
was determined based on milky-white, small colonies along with black colour of the
medium. Based on positive results of the confirmed analysi,s the final result was de-
termined in the form of the most probably number of cells bacteria per 1 cm’ of
wastewater (PN-77/C-04615).

Determination of the number of bacteria of the genus Salmonella. The method for
detecting Salmonella rods in all materials analysed involved determination of the pres-
ence of those bacteria with the use of culture on multiplying and differentiating-
selective media, according to the standard PN-Z-19000-1. At the first stage of the
study, 1% buffered peptonic water was used, and then selective multiplication on
a liquid differentiating-multiplying medium according to Rappaport with an addition
of tetrationate and malachite green. Following this, cultures were transferred on the
BPLA agar medium with brilliant green, phenol red and lactose and on the XLD me-
dium with xylose, lysine and sodium deoxycholate. Typical colonies of Salmonella on
the BPLA medium grew in the form of pale pink colonies, around which characteristic
pink coloration of agar occurred. On the XLD agar, typical bacterial colonies grew in
the form of small colonies with the black centre surrounded with a light red zone. The
final identification involved the use of serological tests — the polyvalent serum HM
and the microtest API 20 E.

Determination of the total number of bacteria of the family Enterobacteriaceae.
The number of bacteria of the family Enterobacteriaceae was determined on Mac
Conkey agar by the plate method using the deep inoculation technique. Determination
included distributing 0.1 cm® of an appropriate dilution on Petri plates with a solid
medium. The prepared cultures were incubated at 37 °C for 24 h. After the incubation
staining with Gram’s method and the cytochrome oxidase test were performed. The
total number of bacteria of the family Enterobacteriaceae was calculated from:

10C
(N, +0.1N,)d

where: L is the total number of Enterobacteriaceae cells per 1 cm® of wastewater,
C — the sum of all colonies grown on plates taken for calculation, N; — the number of
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plates from the first calculated dilution, NV, — the number of plates from the next calcu-
lated dilution, d — the dilution index corresponding to the first calculating dilution.

3. DESCRIPTION OF THE TREATMENT PLANT

Both municipal and industrial wastewater is delivered to the wastewater treatment
plant. Wastewater is collected by means of a system of gravitational sewerage and
delivered to the treatment plant through pumping stations PI, PII, PIIl. The amount of
wastewater delivered to the wastewater treatment plant is given in Table 1.

Table 1

Amount of wastewater flowing to the treatment plant

Type of wastewater Amount of sewage [m>d ]
Outside sugar beet harvest | During sugar beet harvest
Municipal wastewater 998 998
Fat processing plant 523 523
Sugar factory 40 310
Wastewater disposal station 10 10
Total 1571 1841

At the beginning of the technological system of wastewater treatment, devices for
the initial mechanical treatment of wastewater are used, with a spiral sieve with
apress, an aerated oblong grit chamber and grease removal tank, cooperating with
screw conveyors for transporting screenings and sand. Intake hoppers of screw con-
veyors are ended with chutes directed immediately to containers of the volume of
2.2 m’ each. Raw wastewater flows to the treatment plant with two pressing pipelines
DN 350 mm. Before the entry of pipelines to sieve-grit chambers, there is a chamber
of valves with a distributor and four knife gate valves installed. The sieve-grit cham-
ber VSR 400 Kombi as a combined device for mechanical wastewater treatment con-
sists of a spiral sieve for separation of solid pollutions together with a conveyor taking
out and dehydrating screenings, an aeration oblong grit chamber for separating sand
and removing fats from wastewater. The overflow chamber collects wastewater from
the sieve-grit chamber, then it flows gravitationally to the dephosphatation chamber,
where release of phosphorus takes place under anaerobic conditions. Apart from raw
wastewater treated mechanically, sludge recirculated from the secondary sedimenta-
tion tank flows there (outside recirculation). Another facility is the denitrification
chamber. Along the outside wall of the chamber, three mixers are installed, spaced
about 10.5 m apart. Wastewater is discharged by two pipes to the nitrification cham-
ber. It is made up of two combined containers. Two air collectors 200—250 mm in the
nominal diameter are installed along the wall dividing the chamber into two contain-
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ers. Four distributive pipelines go out of each, distributing air to the net of diffusers
placed at the bottom of the container. Secondary sedimentation tanks are the terminal
devices of wastewater treatment. One of the tanks works, while the other makes the
reserve in the case of failure. Pollution concentrations in raw wastewater are presented
in Table 2.

Table 2
Characteristics of the raw wastewater
Index Outside sugar beet harvest | During sugar beet harvest
BOD; [mg O,-dm ] 609.80 952
COD [mg O,:dm™] 1275 2172
Total suspension [mg-dm™] 412 816
Total nitrogen [mg-dm ] 88.70 90.10
Total phosphorus [mg-dm™] 24.30 25.79

Pollution concentrations in wastewater after treatment by the activated sludge
method at the assumed degree of reduction (98.5% BODs, 97% COD, 95% of total
suspension, 86% of total nitrogen, 96% of total phosphorus) is shown in Table 3.

Table 3
Characteristics of the treated wastewater
Index Outside sugar beet harvest | During sugar beet harvest

BOD; [mg O,[mg-dm™] 9.15 9.52
COD [mg O,-dm™] 43.44 43.44
Total suspension [mg-dm ] 20.6 20

Total nitrogen [mg-dm™] 12.42 12.61
Total phosphorus [mg-dm ] 0.97 1.03

4. RESULTS AND DISCUSSION

The performed analyses showed the occurrence of bacteria E. coli in raw
wastewater in the autumn—winter period within the range from 4.5x10* to 9.5x10°
cellssem™ and from 4.5x10° to 4.0x10° cells per 1 cm’ of wastewater in spring
—summer months (Table 4). The mean number of those bacteria for both research pe-
riods amounted to 5.42 and 6.08 logcells-cm™, respectively (Fig. 1). According to
Tyagi et al. [12], bacteria Escherichia coli belong to the most sensitive indicators of
microbiological pollution of water and wastewater. In untreated wastewater, the con-
centration of E. coli most often remains on the level from 10° to 107 cells-em™ [4, 7, 13].
Tsai et al. [14], in turn, detected from 8.6x10° to 6.0x10” cells‘cm™ in raw wastewater.
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The study conducted by Szumialas et al. [15] indicated an exceptionally high level of
bacteriological pollution of raw wastewater, ranging, on average, from 9.3x10'® to
1.8x10% of faecal coliform bacteria per 100 cm® of wastewater. The process of me-
chanical wastewater treatment resulted in a slight decrease in the number of E. coli.
The mean number of those microorganisms for the whole research period in mechani-
cally treated wastewater decreased to a level of 3.5x10° cells:em ™, i.e. by 0.58 loga-
rithmic unit (Table 4, Fig. 1).

Table 4

Number of E. coli [cells-cm ] in wastewater samples from individual stages of treatment

Wastewater
Period No. _ After From From
of analysis Raw mechanical | the denitrification | the nitrification | Treated
treatment chamber chamber

1 45x10* | 2.5x10* 1.5x10* 9.5%x10° 4.5x10°

Autumn 2 2.5x10° | 2.5x10° 9.5x102 1.5%10" 0.9x10"
—winter 3 45x10° | 9.5x10* 4.5x10* 2.5x10* 9.5x10°
4 9.5x10° | 9.5x10° 2.5x10* 1.5x10° 4.5x10°

Mean 42x10° | 2.9x10° 2.9x10* 9.0x10° 2.5x10°
Spring 5 4.5x102 9.5x10‘5‘ 2.5x102 9.5x10§ 2.5x102
 summer 6 4.0x105 4.5x105 9.5x103 2.5x103 7.5x102
7 9.5x10° | 7.5x10 9.5x10 4.5x10 9.5x10

Mean 1.8x10° | 4.3x10° 7.2x10° 5.5%x10° 1.4x10°

In the study conducted after mechanical treatment, Kawamura and Kaneko [2] prove
a decrease in the number of E. coli by 60—70%. Similarly, the percentage of reduction after
this stage of the process of removing pollutions from wastewater accounting for 63.59%
was observed by Budzinska et al. [4]. Stages of biological wastewater treatment resulted in
a decrease in the number of indicator bacteria. In wastewater collected from the denitrifi-
cation chamber, the mean number of E. coli amounted to 2.9x10* cells-cm™ (the autumn
—winter period) and 7.2x10° cells-cm™ (the spring—summer period). In wastewater collect-
ed from the nitrification chamber, the number of those bacteria was 9.0x10° cells-cm™ and
5.5x10° cells-em, respectively. The average number of those bacteria in treated
wastewater discharged from the treatment plant amounted to 2.0x10° cells-cm, whereas
the largest number was determined in the first replication and it was 4.5x10° cells-cm .
Consecutive stages of wastewater biological treatment resulted in a decrease of the number
of bacteria from 5.12 to 3.68 logarithmic units. In treated wastewater discharged to the
water body, the average number of E. coli for the whole research period amounted to
2.78 logcells:em™ (Table 4, Fig. 1). Walczak and Donderski [3] reported the presence of
0.93x10° cells-cm faecal coliform bacteria in treated wastewater. The authors recorded
97.28% eliminations of those bacteria.
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Fig. 1. Number of bacteria E. coli in wastewater on various stages of treatment:
A — raw wastewater, B — after mechanical treatment, C — wastewater from the denitrification
chamber, D — wastewater from the nitrification chamber, E — treated wastewater

Analysing the effectiveness of biological sewage treatment, Bonde [16] observed
that the number of E. coli decreased by 95%, whereas Szumilas et al. [15] report that
modern sewage treatment plants are able to reduce more than 99.99% of coliform
bacteria by means of biological treatment. In the present study, elimination of E. coli
in treated wastewater within the range from 99.40 to 99.92% was recorded (Table 8).
Most strains of E. coli do not induce diseases in people, but some of them have viru-
lence factors which can cause threat to life. Enterohaemorrhagic strains of E. coli
(EHEC) have an impact on a growing incidence of haemorrhagic colitis (diarrhoea)
and haemolytic uraemic syndrome (HUS) [13]. The study conducted by Martin et al.
[17] proves that municipal sewage including household sewage, constitutes the reser-
voir of EHEC in the environment. This wastewater contain a high concentration of
E. coli even after conventional treatment.

Faecal streptococci are the subject of a particular interest of hygienists and micro-
biologists in the aspect of indicators of sewage pollution. Sanitary assessment con-
ducted for detecting the presence of faecal streptococci is regarded by many microbi-
ologists a more appropriate procedure than detecting E. coli [9]. In raw wastewater,
the average number of faecal streptococci oscillated within the range from
1.1x10%cells'cm™ (the spring—summer period) to 2.1x10* cells:cm™ (the autumn



Removing microbial pollutants from wastewater 61

—winter period), whereas the mean number of those bacteria for 7 replications was
1.7x10* cells:cm™ (Table 5). The mean number of faecal streptococci in the whole
period of the study remained on the level of 4 logarithmic units and was by 1.7log
MPN-cm™ lower than the concentration of E. coli in raw wastewater (Fig. 2). A high
number of those bacteria was observed in the nitrification chamber, it was on average
3.1x107 cells-cm(autumn—winter) and 3.2x107 cells-cm (spring—summer). As a result of
successive stages of wastewater treatment, the number of streptococci decreased. In treat-
ed wastewater, their average number amounted to 10 cells-cm (Table 5).

Table 5

Number of faecal streptococci (cells-cm ) in wastewater samples from individual stages of treatment

Wastewater
Period No. After From From
of analysis Raw mechanical | the denitrification | the nitrification | Treated
treatment chamber chamber

1 45x10° | 2.0x10° 2.5x10° 4.5x10° 9.5x10!

Autumn 2 1.5x10* | 2.5x10° 0.9x10" 9.5x10" n.o.
—winter 3 2.0x10* | 2.5x10° 9.5x10" 4.5x10° 2.5x10"
4 2.0x10° | 4.5x10° 1.5%10? 2.5x10° 9.5x10'
Mean 2.1x10% | 7.6x10° 1.3x10? 3.1x107 5.4x101
Spring 5 2.5x10‘3‘ 2.0x10‘2‘ 4.5x10? 7.5x10§ 9.5x10"

summer 6 2.2x103 3.4x102 1.8x101 1.5x101 n.o.

7 6.3x10 5.7x10 2.7x10 6.4x10 n.o.
Mean 1.1x10° | 7.0x10° 1.7x10° 3.2x10° 3.2x10!

n.o. — not observed.

The study by Szumilas et al. [15] indicates that the number of faecal streptococci
in raw wastewater ranged from 5.6x10° to 1.8x10° bacteria in 100 cm’ of wastewater.
Walczak and Donderski [3] reported on average 7.3x10” cells-em ™ of faecal strepto-
cocci in raw wastewater. Lalke-Porczyk et al. [18] conducted a study that aimed at
evaluating the effectiveness of household wastewater treatment in a mechanical and
biological treatment plant with a sand-cane filter. It was found that among the indica-
tor bacteria of the sanitary state, the number of faecal streptococci decreased to the
smallest degree. Their number in wastewater inflowing to the willow filter ranged
from 1.12-10° to 1.54-10* cell in 100 cm’, and in wastewater inflowing to the cane
deposit — from 3.82-10° to 1.74-10* cells in 100 cm’. Biological stage of wastewater
treatment resulted in the elimination of those bacteria on average to the level of 1.83
(denitrification chamber) and 2.36 log MPN-cm™ (nitrification chamber). In treated
wastewater, streptococci were detected in 57% of collected samples. The mean number
of those bacteria in wastewater discharged to the Note¢ River was 1.05 log MPN-cm
(Table 5, Fig. 2).
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Fig. 2. Number of streptococci in sewage on individual stages of treatment:
A — raw wastewater, B — wastewater after mechanical treatment,
C — wastewater from the denitrification
chamber, D — wastewater from the nitrification chamber, E — treated wastewater

In the present study, the elimination of faecal streptococci after the final stages of
wastewater treatment amounted, on average, to 99.73% (3.19logcells:cm™) (Table 8,
Fig. 2). In the willow treatment plant, the number of bacteria of this group decreased
on average by 84.65%, and in the cane treatment plant by 87.26% [18]. According to
Walczak and Donderski [3], subjecting sewage to mechanical and biological treatment
with activated sludge eliminates faecal streptococci on average by 86%.

Bacteria of the genus Sa/monella were determined in the case of 71% samples of
raw wastewater. The number of the bacteria in untreated wastewater on average for
the autumn—winter period was 2.8x107 cells-cm™ and 1.2x10' cells-cm ™ in spring—
summer. Subjecting wastewater to mechanical treatment resulted in a slight decrease
in the number of Salmonella rods by 0.32log MPN-cm . Next processes of remov-
ing pollutions in chambers with activated sludge contributed to elimination of those
bacteria. It should be emphasized, however, that in treated wastewater the presence
of rods of the genus Salmonella was determined in 43% of collected samples. The
average number for wastewater discharged from the treatment plant was 1.9x10°
cells-cm™ (Table 6, Fig. 3).
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Table 6

Number of Salmonella [cells-cm™] in wastewater samples from individual stages of treatment

Wastewater
Period No. _ After From From
of analysis Raw mechanical | the denitrification | the nitrification | Treated
treatment chamber chamber

1 9.5x10% | 2.0x10" n.o. n.o. n.o.

Autumn 2 0.4x10' | 0.4x10" 0.3x10" 0.4x10" n.o.
—winter 3 45x10" | 3.5x10' 0.6x10" n.o. 0.3x10"
4 1.5x10' | 0.6x10" 2.0x10" 2.0x10" 0.3x10"
Mean 2.8x10% | 6.1x10! 2.0x10" 2.0x10" 2.0x10"
Spring 5 3.5x10' | 3.0x10! 1.1x10" 0.7x10" 0.7x10"

—summer 6 n.o. n.o. n.o. n.o. n.o.

7 n.o. n.o. n.o. n.o. n.o
Mean 1.2x10' | 1.0x10' 3.7x10° 2.3x10° 2.3x10°

n.o. — not observed.
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Fig. 3. Number of Salmonella rods in wastewater on individual stages of treatment:
A —raw wastewater, B — wastewater after mechanical treatment, C — wastewater from the denitrification
chamber, D — wastewater from the nitrification chamber, E — treated wastewater
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The elimination of Salmonella amounted to 99.77% on average (Table 8). Song
etal. [19] observed a very low efficiency of removing those bacteria amounting to
1.81 logarithmic units. An important aspect in spreading rods of Salmonella is their
resistance to unfavourable factors of the natural environment and ability to survive in
various ecological niches for a longer period of time. It follows from the experiments,
that Salmonella can survive in municipal wastewater for a relatively long time before
they are completely eliminated and this is the period which constitutes an important
part of the infection process not only in relation to Salmonella but alto to other entero-
bacteria [20]. Some pathogenic bacteria, including Salmonella, have such a low infec-
tious dose that the oral administration of even small number of those bacteria may
result in infection of the organism [5].

Table 7
Total number for bacteria of the family Enterobacteriaceae [cells-cm™]in wastewater
Wastewater

Period No. . After From From
of analysis Raw mechanical | the denitrification | the nitrification | Treated

treatment chamber chamber
1 44x10° | 8.5x10* 1.2x10° 1.4x10* 5.0x10°
Autumn 2 7.0x10° | 2.8x10° 3.9x10° 9.9x10° 1.8x10"
—winter 3 3.3x10° | 6.1x10° 1.5x10° 2.3x10* 4.2x10°
4 1.0x10° | 2.8x10° 1.6x10* 2.5%x10° 1.6x10°
Mean 6.2x10° | 1.1x10° 3.5x10* 7.1x10* 6.4x10°
Spring 5 1.9x10°| 1.3x10° 1.3x101 6.8X102 1.5x10°
ummer 6 5.9x10‘51 1.7x10§ 1.9x10° 1.8x10° 1.7x10§
7 6.3x10% | 2.7x10 2.0x10 2.0x10 1.2x10
Mean 8.5x10° | 1.0x10° 1.1x10* 8.9x10° 1.1x10°

Another group of microorganisms determined in the studied wastewater was bac-
teria of the family Enterobacteriaceae. In raw wastewater, the total number of those
bacteria ranged from 3.3x10° to 1.0x10° cells-cm™ in the autumn—winter. In the
spring—summer number of bacteria of the family Enterobacteriaceae ranged from
6.3x10* to 1.9x10° cellscm™. In both periods, the number of the bacteria after me-
chanical treatment slightly decreased to 10° cells-cm™. Treated wastewater still con-
tained considerable amounts of bacteria of the family Enferobacteriaceae, in the sixth
replication even 1.3x10° cellsem . The mean number for this type of bacteria in
treated wastewater amounted to 6.4x10” cells-cm™ (autumn—winter) and 1.1x10° cells
(spring—summer) (Table 7). The study by Walczak and Donderski [3] indicated that
the number of enterobacteria remained on a similar level (1.2x10° bacteria in 1 cm® of
wastewater). In the study by Koivunen et al. [10] numerous species of bacteria from
the family of Enterobacteriaceae was observed in raw wastewater.
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Fig. 4. Changes in number of bacteria of the family Enterobacteriaceae in wastewater:
A —raw wastewater, B — wastewater after mechanical treatment, C — wastewater from the denitrification
chamber, D — wastewater from the nitrification chamber, E — treated wastewater

Table 8

Level of elimination of indicator bacteria in wastewater after various processes [%]

Mechanical Biological treatment | Secondary sedimentation
. . treatment
Indicator bacteria - - -
Autumn | Spring | Autumn | Spring Autumn Spring
—winter | —summer | —winter | —summer | —winter —summer
Emerobacteriaceae | gy )¢ | 9823 | 8835 | 9895 | 99.85 99.87
family bacteria
Escherichia coli 30.95 76.11 97.86 99.69 99.40 99.92
Salmonella spp. 78.21 91.67 97.86 99.33 99.46 99.99
Faecal streptococci | 63.81 36.36 98.52 97.09 99.74 99.71

In raw wastewater, the number of bacteria of the family Enterobacteriaceae re-
mained at the level of 5.69 logarithmic units (Fig. 4). After the stage of mechanical
treatment, a decrease in the number of enterobacteria by 0.92 logcells-cm™ was ob-
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served. Subjecting wastewater to treatment in chambers with activated sludge resulted
in the elimination of the microorganisms by 3.08 logcells-cm > in comparison with the
number of those bacteria in raw wastewater (Fig. 4). The most effective elimination of
indicator microorganisms was achieved in the case of Salmonella spp. The elimination
rate ranged from 99.46% (in autumn—winter) to 99.99% (in spring—summer) (Table 8).

Walczak and Donderski [3] found that in the process of mechanical and biological
wastewater treatment it is possible to achieve 96.18% elimination of bacteria of the fam-
ily Enterobacteriaceae. Similarly high percentage of reduction is reported by other au-
thors [10, 11]. It is necessary to increase the effectiveness of removing microbiological
pollutions from wastewater, whereas introducing sewage disinfection would be the last
barrier preventing from the spread of pathogenic microorganisms by water [21].

5. CONCLUSIONS

Microbiological analysis indicated a considerable bacteriological pollution of raw
and treated wastewater with E. coli, faecal streptococci and bacteria of the family En-
terobacteriaceae. The results of the study concerning the occurrence of indicator bac-
teria in treated wastewater showed that in spite of the high rate of their elimination, the
number of microorganisms left in the wastewater is still large. The fact of occurring
bacteria of the family Enterobacteriaceae and rods of the genus Salmonella in treated
wastewater discharged to surface waters is particularly alarming.
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