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NEW METHOD FOR EVALUATION OF THE
MICROBIOLOGICAL QUALITY OF WATER

Determination of the microbiological quality of weatis one of the central tasks of
environmental engineering. Reliability and accurafcthe results depends largely on
the sampling system and the methodology carrietssifypically, they are used tra-
ditional indirect methods, breeding: plate methodest tube fermentation. In the
methods, seed stocks, it is assumed that eachduodiwcell of bacteria transferred to
a solid substrate colony grows. Thus, in fact, rfmilt of the study determines the
number of units capable of forming colonies, whigmot equivalent to the amount
of the living. Even larger errors are subject te tasults of the analysis of test tube
fermentation, which can only be the most probahimlver of bacteria in a given
volume. It is therefore only estimating the numbemicroorganisms. Moreover, in-
direct methods are extremely time consuming (atieut days of). Flow cytometry
is an analytical technique that allows for the dapieasurement of scattered light and
fluorescence signals emitted by cells exposed ctisply. Allows for a qualitative
and quantitative assessment of the physical arlddidal properties of the cells in
a short time. The article presents the resulteséarch on the amount of bacterial
cells in different water: surface, groundwatemwaiter and tap water using flow cy-
tometry and compare this results obtained withiticachl methods of reference. The
microbial results in all the tested waters by floytometry are much higher than the
amount of the reported conventional methods.

Keywords: water bacteriology, bacterial plate count, drigkimater, flow cytome-
try

1. Introduction

The assessment of the microbiological quality oftewais one of the
overarching environmental engineering task. Thabgity and accuracy of the
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results depends largely on the sampling systemnagtiodology which carries
out determinations. Traditional methods are typycated: inoculation’s plaque
method balanced or fermentation-specimen methadolktulations’ methods we
assume that from every single cell bacteria moveinpnently to the ground
there is a colony. Therefore, in fact, the restithe test specifies the number of
units capable of colonization, which is not equivdlto the actual number of
live bacterial cells in the water. It is estimatédt only 60-90% of the bacteria
in the water is active and living, and the otheririactive bacteria, which,
however, in favourable conditions can develop [Zhother source pays
attention to that only an average of 1% of the dx@tin water can be used to
grow in traditional methods [1]. Even larger errare burdened with the results
of the analyses of fermentation-specimen methot#&;hwcan be used to specify
only the most likely number of bacteria in a giveolume. So this is just
estimating of the amount of microorganisms. In &ddj breeding methods are
extremely time consuming. The preparation and impl&ation of one analysis
time about 3 hours, and the result is obtained aftgr about 1-7 days.
However, water safety information in terms of a moi@ological test shall be
assessed primarily on the basis of the resultseofraditional breeding research,
enabling the growth of bacteria colony on nutrief8s There are different
methods of farming of the microorganism, where sdkts of inoculation
techniques and ground. The choice of medium, whigha source of
microorganisms for nutritional food, energy and ¢éin@ironment life depends on
their nutritional requirements, as well as the psgof the test. [7,12]. In order
to ensure that the multiplication of cells, i.etéinsive) for the development of
the population, you must also enable the apprapdalture conditions [7].

Traditional methods are commonly used to asses$éi¢htth status of the
waters, both in Poland and in the world. For soime tapplied microbiology
found the modern technique for flow cytometry. Diagtic method based on
flow is much faster, and more versatile [3]. It leles the characteristics of
qualitative and quantitative test cells [10]. Iteasphysical phenomena and
chemical processes so you can quickly detect anke ncharacterization of
single-cell microorganisms [9].

Flow cytometry is a technique of analysis, whiclhovas for a quick
measurement of scattered light or fluorescence al8gremitted by an
appropriately exposed cells. Allows for qualitateued quantitative evaluation of
the physical properties and biological cells irhars period of time. In addition
to measurements of fluorescence intensity measunsnage distributed injected
dyes fluorochromes. Pigments in the cells may ocaturally, most often they
are introduced to them by previous measurementseotolouring process. To
this end, the fluorochromy is combined with therappiate matching antibodies
to antigens present on the surface of cells, aed #re put into suspension of
complexes: dye-antibody. At the time of measurihg tadiation that has not
dissipated, it can be absorbed by the fluorescget W raised fluorochrome,
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returns to the ground state energy and why it é@mpanied by the emission of
photons-fluorescence. The fluorescence can betddtat Green (FL1), Orange
(FL2) and Red (FL3) [10]. In the microbiology of teg, it is preferable to use
fluorescent dye (520 nm), the intensity of the faszence is directly related to
the content of nucleic acids in the cells to beecketd, as well as green
fluorescence (533 nm) [8]. This type of coloursdistinguish organisms with
high and low content of nucleic acid that is livimgactive [3].

The article presents the results of a study ofdvadtcells in a variety of
waters: surface water, groundwater, rainwater aatermusing flow cytometry
and comparison of these values with those obtamedraditional reference
methods.

2. Research methodology

To compare the amount of microorganisms the miotobical tests were
carried out in the following waters:
1) surface water (Watering Place Gravel Rzeszow),
2) underground water (samples taken at different staf¢he treatment process
at the station in Wola Komborska),
3) tap water (a collection of Rzeszow),
4) rainwater collected on the outskirts of Rzeszéw,
5) water from the indoor swimming pool in Przeworsk.

2.1.Traditional breeding methods

The number of bacteria of the heterotrophic species ml of water was
described by deep-sea culture: after 24 hours cbbation at 37°c is
a mesophylic and after 72 hours incubation at ape&saiure of 22°c —
psychrophylic bacteria. In order to compare the ettgment of micro-
organisms on different media used agar nutriegtregice hereinafter referred to
as the agar A and the agar R (enriched).

2.2. Determination of the quantity of microorganisns by flow cytometry

To carry out the study, we used flow cytomet€gFlow Cube 6and
fluorescentdye: Sybr Green 1[8]. The results obtained with cytometer were
converted to the quantity of microorganisms found.iml of water before the
test, taking into account the dilution used. Udilogv cytometer settings when
executing in study of the water flow, and voltaggpehding on the course of
measuring (counting) of organisms in the water.

3.Test results and their discussion

The results of bacteriological tests of surfaceewatinderground, water
supply, rainwater and indoor swimming pool, respety shows in tables 1-5.
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Table 1. The results of microbiological studieswoiffface water
Tabela 1. Wyniki badamikrobiologicznych wody powierzchniowej

Psychrophilic bacteria’  Mesophilic bacteria Flow cytometry
No [cfu/ml] [cfu/ml] [counts/ml]
Agar Agar ,R” Agar ,A” | Agar ,R” LNA* HNA* Totality
WA
1 250 540 135 370 3482600 6892300 10374900
2 2550 4300 1400 1700 5517400 7961000 13478400
3 550 1200 340 600 3519200 2706400 6225600
4 4200 6800 1800 2200 3519200 2706400 6225600
5 700 2300 1200 1580 3439300 1980000 54193@0

*LNA — Low Nucleic Acid
*HNA — High Nucleic Acid

Table 2. Comparison of the results of microbiolobigaderground water from treatment plants in
Wola Komborska traditional methods of researchfaowd cytometry

Tabela 2. Poréwnanie wynikéw badaikrobiologicznych wody podziemnej ze stacji uzdania
w Woli Komborskiej metodami tradycyjnymi i cytomiatprzeptywove

Psychrophilic bacteria| Mesophilic bacteria Flow cytometry
No [cfu/ml] [cfu/ml] [counts/ml]

Agar ,A" Agar ,R” | Agar,A” | Agar,R” LNA* HNA* Totality
1 0 6 0 16 296 517 119 075 415 592
2 1 9 1 28 285 012 172 176 457 188
3 0 4 3 14 100 236 152 487 252 723
4 2 3 7 43 77 610 25910 103 520
5 1 14 3 21 108 196 46 833 155 029

1 - raw water, 2 - water after aeration, 3 - waffeer deironing, 4 - water after demanganization,
5 - contacting the water in the tank

The value of the number of bacteria derived froaditional breeding
methods are always much lower than the numbersacfeba obtained by R
agar, and using flow cytometry. The total numbertedt mesophilic and
psychrophilic bacteria uses two types of mediar agaeference ' A'and 'R '
agar enriched by the ground. By far higher numbétsacteria were obtained on
agar "R" in the case of both mesophylic and psyuaylic in all tested samples
of the water. ' R ' agar is a culture medium caoingi substances that allow the
growth of microorganisms of the heterotrophic specof larger nutrient
requirements [4]. The results of the quantity @& thicroorganism obtained by
flow cytometry in different types of water surveystiongly deviate from the
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values obtained for breeding methods. The biggé#fstreince we can observe in
the case of waters, which theoretically should bey\clean bacteriologically-
underground water at different stages of treatr(tabt2) and tap water (tab.3).

Table 3. The results of bacteriological tests pfuater
Tabela 3. Wyniki badabakteriologicznych wody wodagiowej

Psychrophilic bacteria| Mesophilic bacteria Flow cytometry
No [cfu/ml] [cfu/ml] [counts/ml]

Agar ,A"  Agar ,R” | Agar,A” | Agar ,R" LNA* HNA* Totality
1 8 16 0 11 2450 19340 21790
2 6 19 1 23 1470 11200 12670
3 2 7 0 9 2890 7800 10690
4 5 14 0 6 3400 11870 15270
5 11 26 2 7 1800 6995 8795

Table 4. The results of bacteriological tests afwater
Tabela 4. Wyniki badabaklteriologicznych wody deszczowej

Psychrophilic bacteria Mesophilic bacteria Flow cytometry
No [cfu/ml] [cfu/ml] [counts/ml]

Agar A" Agar ,R” Agar A" Agar ,R” Totality
1 1800 2000 11800 1500 2874000
2 1470 3400 1900 2400 1983000
3 3100 3400 3000 3800 2344000
4 25000 40000 15000 37000 390000
5 14000 23000 8000 1200 478000
6 3800 4200 3100 3700 2122000
7 22100 36000 15700 27500 1 350000
8 2200 2600 12100 15000 2224000

For flow cytometry, the market offers a wide ramgfefluorescent dyes
targeting specific cell ranges, particles or thealogical functions. Because the
dyes have been mainly developed for use with ofllmammals, their previous
preparation is necessary in order to apply them ntecroorganisms.
Microorganisms and plant organisms have endogepaments (chlorophyll,
carotenoids), which flow cytometry are detectechatofluorescence-strong red
or orange.
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Table 5. The results of bacteriological tests dbior swimming pool water
Tabela 5. Wyniki badabakteriologicznych wody z krytego baserupielowego

Psychrophilic bacteria Mesophilic bacteria Flow cytometry
No [cfu/ml] [cfu/ml] [counts/ml]
Agar ,A" | Agar ,R” | Agar A" Agar ,R” LNA* HNA* Totality
0 95 1 3 930 458 1388
2 1 7 3 24 560 223 783

Autofluorescence is problematic in fluorescent wscopy, because it
interferes with the detection of fluorescence digifa 600 nm). Strong pigment
autofluorescence can cause distortion or extingifite dye fluoresces in the
same frequencies. This affects the quantitativerinétion about the signal from
a fluorescent dye. Also autofluorescence can be ddugse of such large
differences in the size of the microorganism oladiby this method [6]. As of
today there are no literature of this type of d&&w sources give similar values
for the number of microorganisms as obtained instbdies presented [4,5]. The
most reliable results quantities of the microorganbbtained by flow cytometry
was obtained for surface water and rainwater. i ¢hse of bacteriological
pollution of these waters was a lot higher, ancaimletd more values close to
those obtained for breeding methods. Point to itjle $ensitivity flow cytometer
and detection of fragments of the genetic matarfiadead micro-organisms in
the case of pure waters.

4. Conclusions

» There have been very large differences in the nuosnb& microorganisms,
using traditional breeding methods, and the metidlbw cytometry.

» The biggest differences in the numbers of microoisras in the test methods
laid down in the case of observed water, undergtauater and tap water.

e The smallest differences in the amount of psychytiphand mesophylic
bacteria-marked with the traditional method of kiieg, as well as the largest
number of microorganisms (i.e., living, dead, imtthg impurities) is marked
by flow cytometry, were observed in surface watet eainwater.

e Agar R stimulates the development of a greater b psychrophylic and
mesophylic bacteria than the reference agar-agar A.

* Flow cytometry method is much faster, more accu(aé, more sensitive)
and also more versatile than traditional breedingthads. However, the
applied methodology requires work.

 Traditional breeding methods are time consuming, greatly underestimate
the number of microorganisms contained in the testater.
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NOWA METODA OCENY JAKO $CI MIKROBIOLOGICZNEJ WODY

Streszczenie

Ocena jakéci mikrobiologicznej wody jest jednym z naddnych zada inzynierii
srodowiska. Wiarygodn@ i doktadnd¢ wynikéw zaleny w gtéwnej mierze od systemu
prébkowania, a tale od metodyki prowadzonych oznatz&azwyczaj stosowane sradycyjne
metody hodowlane: posiewéw plytkowych lub fermegpac — probéwkowe. W metodach
posiewowych zaktadaeize z kadej pojedynczej komorki bakterii przeniesionej tetes podtae
wyrasta kolonia. Zatem w rzeczywistd wynik badania okrda liczbg jednostek zdolnych do
tworzenia kolonii, co nie jest rownoznaczne z fakty iloscia zywych komdrek bakteryjnych
w wodzie. Jeszcze whiszymi bkdami obarczoneaswyniki analiz metodami fermentacyjno —
probowkowymi, ktorymi ména okréli¢ jedynie najbardziej prawdopodabriczbe bakterii
w danej objtosci. Dodatkowo metody hodowlane $ardzo czasochtonne. Jest togavitylko
szacowanie iléci mikroorganizmoéw. Ponadto metody $pednie § wyjastkowo czasochtonne.
Przygotowanie i wykonanie jednej analizy to czastok3 godzin, a wynik otrzymujeestopiero
po okoto 1 — 7 dobach. Cytometria przeptywowa jeshnilg analityczra, pozwalagca na szybki
pomiar rozproszonegdwiatta lub sygnatéw fluorescencji emitowanych przedpowiednio
nawietlone komorki. Pozwala na jadmows i ilosciowa ocer wihasciwosci fizycznych
i biologicznych komorek w krétkim czasie. W arty&uprzedstawiono wyniki badailosci
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komoérek bakteryjnych w egiych wodach: powierzchniowych, podziemnych, desagzbh
i wodociggowych z wykorzystaniem cytometrii przeptywowej orporéwnanie tych wargai
zwynikami  otrzymywanych tradycyjnymi metodami nm&fecyjnymi. Wyniki ildsci
mikroorganizméw we wszystkich badanych wodach zasasvaniem cytometrii przeptywowej s
zdecydowanie wisze od ildci wykazywanych metodami tradycyjnymi.

Stowa kluczowe bakteriologia wody, posiewy ptytkowe, woda doipicytometria przeptywowa
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