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3.1. GENERAL CONSIDERATIONS
Microbial communities are a fundamental
part of aquatic ecosystems and are of great
importance for the circuit of matter and energy. Heterotrophic bacteria play a decisive
role in river ecosystems, in the degradation of
organic matter that comes primarily from allohtone sources and less from native sources.
Their contribution to river self-purification
processes is of great interest in water quality assessment. Thus, bacteria are ideal sensors due to the rapid response to changing
environmental conditions (Kavka et al., 1996;
Findlay, 1991).

Aquatic environments are heavily contaminated with dangerous microorganisms as a
result of pollution. Thus, discharges of wastewater into freshwater and coastal sea waters,
are the main source of fecal microorganisms,
including pathogens.
Any microorganisms are considered to be
emerging contaminants (EC) because they
have the potential to cause known or suspected negative effects on ecosystems or on the
quality of human and animal life (Figure 3.1)
(Rosenfeld & Feng, 2011; Gomes et al., 2020).
These microorganisms are usually spred
throughout the environment, especially
through feces, urine or wastewater. In this

Figure 3.1. Dispersion of microbial EC into different ecosystems and organisms continuously exposed to
them (WWTPs wastewater treatment plants) (after Gomes et al., 2020)
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category of microorganisms are usually included some viruses that are found in natural
or wastewater, such as: human polyomaviruses, hepatitis E virus and human adenoviruses.
Antibiotic resistant bacteria (ARB) and their
genes (ARGs) occur in nature and are also
considered contaminants of emerging concern (Gomes et al., 2020). The presence of
ARGs and ARB in different ecosystems worldwide is in correlation with many factors with

anthropogenic influence on living organisms
(humans, animals, and plants) (Figure 3.2)
(Wang et al., 2020).
Although the presence of ARB and ARGs in
various ecosystems around the world is particularly worrying, water being recognized as
the main reservoir.
The spread of ARB and ARGs by fecal and
human contamination is determined by three
different ways (Figure 3.3): (1) man can be

Figure 3.2. The route of ARB and ARGs in correlation with antibiotics dispersion
in aquatic environments (after Wang et al., 2020)

Figure 3.3. Spread of ARB and ARGs via fecal and human transmission
(after Wang et al., 2020)
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contaminated with an antibiotic-resistant
pathogen by direct ingestion of drinking water, although no human-to-human transmission occurs; (2) human-to-human transmission occurs after direct infection through the
consumption of contaminated water; and (3)
horizontal transfer of ARGs to human pathogens (Wang et al., 2020).
Most microbiological indicators used to assess the microbiological quality of water are
the faecal indicator bacteria (FIB), including
E. coli and enterococci, which have been accepted to indicate fecal pollution and to assess microbial risks associated with direct targeting of real human pathogens (Saingam &
Yan, 2020).
Such microorganisms are sometimes referred to as „conditional” or „opportunistic”
pathogens. Usually these non-pathogenic or
„saprophytic” microorganisms are common
in the aquatic environment and other environments, but in some biological conditions
they are able to infect, colonize and cause
diseases in humans or animals.
The opportunistic pathogenic strains Escherichia coli, Mycobacterium spp., Clostridium
perfringens and strains of the Bacillus cereus
group were detected as potential hosts of
ARGs. Based on multivariate statistics, it has
been shown that the factors that influence
the antibiotic-resistant gene in the waters,
were multiple and interactive.
Water environments were found to be reservoirs of ARGs, which may be hosted by some
opportunistic bacterial pathogens. There
were established correlations between ARGs,
mobile genetic elements (MGEs), bacterial
communities, antibiotics, and opportunistic
bacterial pathogens (Schets et al., 2015).
The monitoring of the microbiological
emerging contaminants in water may have a
range of aims, including:
(1) Source water monitoring: to establish
the quality characteristics to be able
to determine the health risks.
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(2) Operational monitoring: to assess the
performance of the processes of water
treatments.
(3) Validation to establish the performance of a control assays.
(4) Compliance monitoring: to confirm
whether the set targets for water
quality, e.g., the standards for fecal
indicator organisms.
(5) Surveillance: to continuously assess
the safety and acceptability of the
water quality.
(6) Outbreak investigation: to investigate
the source of the outbreak and the effectiveness of measures taken to control the outbreak by testing for reference or specific pathogens.
In evaluation of water microbiological
quality, the target microorganisms may be
pathogenic, or they may be harmless indicator microorganisms. Indicators (model microorganisms) are being used in water quality management and health risk assessments
because their detection is usually more rapid
and less costly compared to the detection of
pathogens. In this context, three principal indicators are taking in account for water microbiological analysis, as follows:
(1) Contamination indicators: microorganisms that demonstrate the type of
the contamination such as the heterotrophic plate count to indicate level
of organic contamination including
also fecal contamination.
(2) Fecal indicators: microorganisms that
indicate the presence of fecal contamination, such as Escherichia coli
to indicate fecal pollution and consequently that a vast array of potential
pathogens might be present.
(3) Index and model organisms: microorganisms indicative of pathogen presence, such as F-specific RNA bacteriophages as models of human enteric
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viruses, and E. coli as an index for Salmonella spp.
Sometimes, additional indicators need
to be assessed depending on the purpose of
the examination and the type of water under
study. These include the intestinal enterococci and C. perfringens (whose spores withstand
disinfection much better than bacterial vegetative cells). Furthermore, fecal indicator
bacteria do not reflect the presence of pathogens that are not of fecal origin and may be
part of the natural aquatic microbiota, such
as Legionella spp., Pseudomonas aeruginosa,
and Vibrio spp. (Schets et al., 2015).
The most relevant microbiological indicators are those that appear in large numbers
in human or animal feces, since feces are the
most important source of pathogens in water.
Thus, the indicators have the advantage that
they can be detected and enumerated using
simple, inexpensive methods that give results
in a relatively short period of time.
In water samples can be detected a wide
range of pathogenic microorganisms. Most
commonly, quantitative tests are carried out
that require several stages: pre-enrichment
(1/4 reactivation), selective enrichment,
isolation by plate culture methods, identification by biochemical, serological and / or
molecular tests and, possibly, epidemiological patterns.
For pathogenic microorganisms, that are
of fecal origin and that can actively multiply
in the water environment (e.g. Legionella
spp, Pseudomonas aeruginosa, Vibrio spp.),
direct detection is required because there
are no suitable model organisms (Schets et
al., 2015).
Generally, the microbiological analysis of
water refers to a wide variety of microorganisms, including viruses, bacteria and protozoa, but this chapter only reviews the detection of bacteria.

3.2. METHODS FOR THE
QUALITATIVE AND
QUANTITATIVE DETECTION
OF BACTERIA IN WATER
SAMPLES
Several methods are available for detecting bacteria in water, such as: cultural methods, microscopic methods, molecular methods and immunological methods.

Sampling and storage of samples
An appropriate specific sampling strategy
of the sampling site is essential to design the
monitoring plan in conjunction with the parameters to be tested and the methods used
for testing. Selecting a suitable design for sampling, its frequency is also taken into account
in a control strategy (Schets et al., 2015).
From natural environments, water samples
are collected asepticly, in sterilized borosilicate glass bottles of 250 ml, from a water
depth of 20-30 cm. The samples are then processed immediately in the laboratory or kept
at 4 oC for maximum of 24 hours.

Cultural methods
Microorganisms from water microbiota are
cultured in the laboratory conditions when
adequate nutrients are supplied, and optimal
growth conditions are provided. It will be taking
in account that not all microorganisms present
in a water sample microbiota can be cultured,
and that an obtained count does not reflect the
true number in a sample, because only the microorganisms that was viable, i.e., capable of
growth on the culture medium used and under
the culture conditions applied are counted.
Usually, culture methods for bacteria
count are divided into two categories: (1)
plate count method and (2) liquid enrichment
method.
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In the plate count method, a test sample
is inoculated onto the surface of a growth medium that has been solidified by addition of
agar (spread-plate method). Each individual
cell of the target organism will multiply into
colonies that are visible to the naked eye. The
results are therefore expressed as „coloniesforming units” (CFU). CFU represent one or
more cells of the target organism.
In liquid enrichment method, a test sample is inoculated into a growth medium that
has been formulated to stimulate growth of
the target organisms and to suppress growth
of all other organisms („background microbiota”). For cultivatin an appropriate incubation
temperature and time enhances the selective
nature of the growth medium are used. If the
target organism is present in the test sample,
this will result in a positive signal. In simplest
assay, liquid enrichment methods therefore
give qualitative (presence/absence) information. To obtain semi-quantitative information, it is common to examine a series of
different volumes (e.g., 100, 10, 1, and 0.1
mL). If a series of different volumes is examined in replicate, i.e., three – or fivefold, it
is possible to use a statistical method known
as the „most probable number” (MPN) technique to estimate the original concentration
of the target organism. The precision of this
estimate is low (e.g., the 95% confidence interval of a fivefold MPN estimate is roughly
between one-third and three times the analytical result). The precision of this method
is basically determined by the distribution
of the target microorganisms in the sample
(Schets et.al., 2015).

Heterotrophic plate count bacteria
The heterotrophic bacteria are microorganisms that indicate a correlation with the pollution of water by easily degradable organic
matter. These are aerobic and facultative anaerobic bacteria which can growt on solidified
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Plate Count Agar medium (PCA), by incubation
at 22°C within 48-72 hours (Kohl, 1975).
The heterotrophic plate count, formerly
known as the standard plate count, is a procedure for estimating the number of live,
culturable heterotrophic bacteria in water.
Pour plate method is a comparatively simple
enumeration procedure applicable to samples
where densities of target microorganisms are
sufficient to yield appropriate numbers of culturable elements for counting purposes (Standard Methods, 9215:2017).
In this method, a small sample volume (approximately 0.1-1 mL) containing suspended
or decimal diluted bacteria cells suspension
of the sample is homogenized with fluidified
agar (Plate Count Agar) and tempered (about
15 mL of PCA fluidized at a temperature of
100 oC and tempered to 45oC) in a sterile Petri dish.
Homogenization is carefully carried out
to disperse the sample evenly in the culture
medium and then allow to solidify. Inoculated
and solidified Petri boxes shall be reversed
as quickly as possible in order to avoid condensation on the lid. Incubation of plates is
carried out at 22°C for 48-72 hours. Colonies
that will grow both on and inside the culture
medium are carefully counted to obtain as accurate a number of cells as possible per unit
of sample volume. Each colony represents one
„colony-forming unit” (CFU) per milliliter of
water sample. Isolated cells form single colonies that can be used to obtain pure cultures
(Figure 3.4.a. Indirect counting technique)
(Reasoner & Geldreich, 1985; Allen et al.,
2004; Brown & Smith, 2015; Standard Methods, 9215:2017).
The number of micro-organisms present in
the sample is determined using the formula:
CFU⁄mL =

colonies counted
actual volume of
sample plated, mL

ECOTOXICOLOGICAL METHODOLOGICAL GUIDE FOR ENVIRONMENTAL MONITORING
PROBLEMATICS, LABORATORY TECHNIQUES AND HEALTH RISK INVESTIGATION

(1)

For an accurate counting of microorganisms, the optimal colony count should be
within the range of 30 to 300 colonies/petri
plate (Figure 3.4.b. Colony counting by indirect method of counting microorganisms)
(Cappuccino & Sherman, 2008).
In order to facilitate the interpretation of
data on water quality from the point of view
of pollution by organic matter, microbiologi-

cal results have been classified by a classification system for water pollution by organic
matter, presented in Table 3.1 (ICPDR, 2001).
Depending on the number of heterotrophic
bacteria per millilter of water analyzed, water pollution by organic matter is classified
into five classes of pollution: low, moderate,
critical, strong and excessive.

Figure 3.4. Heterotrophic bacteria plate count assay
a. Technique of indirect counting of micro-organisms
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Figure 3.4. (continued)
b. Colony counting by indirect method of counting microorganisms

Table 3.1. System for classification of microbiological water quality
according to pollution by organic matter
Microbiological evaluation
of water quality

Clasa
I

II

III

IV

V

Indicator

Level of
organic
pollution

Low

Moderate

Critical

Strong

Excessive

Heterotrophic bacteria
(colony count at 22°C)

CFU/mL
water

< 500

> 500 –
10 000

> 10 000 –
100 000

> 100 000 –
750 000

> 750 000
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Detection of coliforms in water
Microbiological water safety is achieved by
monitoring organic contamination using indicator organisms such as total coliforms and
Escherichia coli. Total coliforms are a group
of bacteria commonly found in aquatic environments, soil and vegetation, as well as in
the intestines of mammals, including humans.
Total coliform bacteria are commonly used
to assess the overall sanitary quality of water,
but also in situations where fecal contamination is present, since total coliforms are
more numerous than E. coli, thus representing a more sensitive microbiological indicator
(Feng et al., 2020).
The term „coliform” describes a group
of enteric bacteria. This term is not a taxonomic classification, but is a definition used
to describe a group of gram-negative anaerobic bacteria, optional, in the form of sticks,
which ferment lactose with acid and gas production in 48 hours at 35 °C.
The presence of coliforms and Escherichia
coli, particularly, in water microbiota is accepted as prediction of a recent fecal contamination, it is the possible to be accompaigned by pathogens. Thus, the concept of
using of total coliforms as an indirect indicator of health risk it is complicated in practice,
due to the presence of other enteric bacteria
like Citrobacter spp., Klebsiella spp. and Enterobacter spp. with similar metabolic behaviour and phenotypic characteristics like E.
coli, so that they are not easily distinguished
from it (Figure 3.5.) (USEPA, 2002; Duncan &
Horan, 2003; WHO, 2017; Standard methods,
9221:2017).
Most strains of E. coli are not considered
pathogens, but they can also be pathogens
causing infections in hosts with low immunity.
E. coli belongs to the enterobacteriaceaefamily, which incidentally includes many genera,
including known pathogens such as Salmonella spp., Shigella spp. and Yersinia spp.

Total
coliforms
Faecal
coliforms

Escherichia
coli

Figure 3.5. Schematic representation
of the group of coliform bacteria

However, there are pathogenic strains of
E. coli that cause gastrointestinal disease in
healthy people when accidentally ingested
(Feng et al., 2020).
The fecal coliform group consists mainly
of E. coli. Some enteric bacteria, such as
Klebsiella spp. can also ferment lactose, and
therefore can be considered as a fecal coliform bacterium. The inclusion of the bacteria
Klebsiella spp. in the group of fecal coliforms
decreased the correlation factor of this group
with fecal contamination. Thus, the implementation of methods for the rapid detection
of E. coli is important in the microbiological
control of water (Directive 7/EC, 2006; Wade
et al., 2003).
Principle of the method for determining
the most likely number of coliforms
The most probable number (MPN) is an
important culture method used to estimate
of total and fecal coliforms in drinking and
surface waters, soils and sediment. Garthright (1998) showed that the MPN test is a
statistical estimate of culturable units and
assumes such units are randomly distributed
within a sample. Functionally, the MPN test
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is based on dilution of sample until a dilution range which permit to counting of the
targeted microorganisms. Actual dilutions
required are based on experience and MPN
tables are commonly based on inoculation
of media with 3, 5, 10 or 12 sample portions at each dilution. The MPN is useful
when cells are present at low densities in
analysed samples. Coliform concentration is
reported as the number of colonies forming units (CFU) per 100 mL of water (APHA,
2012; WHO, 2017).
The NMP test is performed in the following
steps (Feng et al., 2020):
- Presumptive test for coliforms, fecal
coliforms and E. coli
- Confirmed test for coliforms
- Confirmed test for fecal coliforms
and E. coli
- Completed test for E. coli.

MPN – Presumptive test for
coliforms, fecal coliforms and E. coli
The presumptive test is a screening test
of sample waters analysis to predict the
presence of total coliforms. The working
plan is as follow. Preparing decimal dilutions with sterile Butterfield’s phosphate
diluent or equivalent. Number of dilutions
to be prepared depends on anticipated coliform concentration. Shake all suspensions
25 times in vortex mix for 7 s. Using at least
3 consecutive dilutions, inoculate 1 mL aliquots from each dilution into 3 tubes with

Inoculate tubes with
lactose or lauryl
tryptose broth
fermentation and
incubate at 35ºC,
24 hours.

Lauryl tryptose (LST) broth for a 3 tube MPN
analysis (other analysis may require the use
of 5 tubes for each dilution). Lactose Broth
(LB) may also be used. Incubate LST tubes
at 35°C± 0.5°C . Examine tubes and record
reactions at 24 ± 2 h for gas, i.e., displacement of medium in fermentation vial or
effervescence when tubes are gently agitated. Re-incubate gas-negative tubes for
an additional 24 h and examine and record
reactions again at 48 ± 3 h. If the presumptive test is negative, no further testing is
performed. If, however, any tube in the series shows acid and gas, the water is considered with microbiological risk and the confirmed tests are necessary to be performed.
Perform confirmed test on all presumptive
positive (gas) tubes (Figure 3.6).

MPN – Confirmation test for
coliforms
From each gassing LST or lactose broth
tube, transfer a loopful of suspension to a
tube of Brilliant green lactose bile (BGLB)
broth. Incubate BGLB tubes at 35°C ±
0.5°C and examine for gas production at 48
± 3 h. Calculate most probable number (MPN)
of coliforms based on proportion of confirmed
gassing LST tubes for 3 consecutive dilutions.
In order to confirm the presence of coliforms
the working plan presented in Figure 3.7 is
recommended to be applied.

Gas produced. Positive test.

No gas or acid production.
Doubtful. Incubate for
additional 24 hours
Figure 3.6. Schematic presentation of the presumptive test
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Gas produced.
Positive test.

No gas produced.
Negative test.

Inoculate lactose or
lauryl tryptose broth
fermentation and
incubate at 35ºC,
24 hours.

a) Gas produced.
Transfer to
confirmatory
brilliant green
lactose bile broth.
Incubate 48 hours
at 35 °C.

Gas produced.
Coliform group confirmed.
No gas produced. Negative test.
Coliform group absent.
Gas produced. Doubtful.
Continue as in a)

b) No gas or acid
production.
Doubtful. Incubate
for additional 24
hours.

No gas produced. Negative test.
Coliform group absent.

Figure 3.7. Schematic presentation of the confirmation test

MPN – Confirmatory test for
coliforms and E. coli bacteria
From each gassing LST or Lactose broth tube
from the presumptive test, transfer a loopful
of each suspension to a tube of EC broth. Incubate EC tubes 24 ± 2 h at 44.5°C and examine
for gas production. If negative, reincubate and
examine again at 48 ± 2 h. Use results of this
test to calculate fecal coliform MPN.

2)

3)

MPN – Completed test for E. coli
To perform the completed test for E. coli,
gently agitate each gassing EC tube, remove
a loopful of broth and streak for isolation on
a Levine’s eosin-methylene blue (L-EMB) agar
plate and incubate for 18-24 h at 35°C ± 0.5°C.
Examine plates for suspicious E. coli colonies,
i.e., dark centered and flat, with or without
metallic sheen. Transfer up to 5 suspicious
colonies from each L-EMB plate to Plate Count
Agar (PCA) slants, incubate them for 18-24 h
at 35°C ± 0.5°C and use for further testing
(Figure 3.8) (Standard Methods, 9221:2017).
The confirmatory tests are as follows (Feng
et al., 2020):
1) Perform Gram stain – All cultures appearing as Gram-negative, short rods
should be tested for the IMViC (see

4)

5)

below points 2÷5) reactions below and
also re-inoculated back into LST to confirm gas production.
Indole production – Inoculate tube of
tryptone broth and incubate 24 ± 2 h at
35°C ± 0.5°C . Test for indole by adding
0.2-0.3 mL of Kovacs’ reagent. Appearance of distinct red color in upper layer
is positive test.
Voges-Proskauer (VP)-reactive compounds – Inoculate tube of Methylred VOGES-PROSKAUER broth (MR-VP
broth) and incubate 48 ± 2 h at 35°C±
0.5°C. Transfer 1 mL to 13 × 100 mm
tube. Add 0.6 mL α-naphthol solution
and 0.2 mL 40% KOH, and shake. Add a
few crystals of creatine. Shake and let
stand 2 h. Test is positive if eosin pink
color develops.
Methyl red-reactive compounds – After VP test, incubate MR-VP tube additional 48 ± 2 h at 35°C± 0.5°C. Add
5 drops of methyl red solution to each
tube. Distinct red color is positive test.
Yellow is negative reaction.
Citrate metabolism – Lightly inoculate
tube of Koser’s citrate broth; avoid detectable turbidity. Incubate for 96 h at
35°C ± 0.5°C . Development of distinct
turbidity is positive reaction.
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Inoculate lactose or
lauryl tryptose broth
fermentation tubes and
incubate 24 hours at
35ºC.

a) Gas produced.
Transfer to
confirmatory
brilliant green
lactose bile broth.
Incubate 48 hours
at 35 °C.

b) No gas or acid
production.
Doubtful. Incubate
for additional 24
hours.

Gas produced. Transfer Endo or EMB
plates. Incubate 24 hours at 35 °C.
No gas produced. Negative test.
Coliform group absent.
Gas produced. Doubtful.
Continue as in a)
No gas produced. Negative test.
Coliform group absent.

1.1. Typical or atypical coliform colonies. Transfer
to agar slant and lauryl tryptose broth fermentation
tube. Incubate agar slant 24 to 48 hours and lauryl
tryptose broth 48 hours, at 35 °C.

1.2. Negative colonies.
Negative test. Coliform absent.

1.1.1. Gas produced. Colonies of bacteria grown on
agar slant, differentiated by Gram staining.

1.1.2. No gas produced.
Negative test.
Coliform group absent.

1.1.1.1. Gram negative rods present, no spores present.
Completed test. Coliform group present. Gram-negative
rods broth present. Repeat procedure beginning at 1.1

1.1.1.2. Spores or Gram
positive rods present.
Coliform group absent.

Figure 3.8. Schematic outline of completed test for Escherichia coli detection

6) Gas production from lactose – Inoculate
a tube of Lauryl tryptose broth (LSB)
and incubate 48 ± 2 h at 35°C ± 0.5°C.
Gas production (displacement of medium from inner vial) or effervescence after gentle agitation is positive reaction.
All cultures that (a) ferment lactose with
gas production within 48 h at 35°C, (b) appear as Gram-negative nonsporeforming rods
and (c) give IMViC patterns of ++-- (biotype
1) or -+-- (biotype 2) are considered to be E.
coli. Calculate MPN of E. coli based on samples of EC tubes in 3 successive dilutions that
contain E. coli is then performed.
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Calculation of MPN
Based of the number of positive tubes resulting from the incubation on selective media of the three sets of dilutions in correlation
with the Table 3.2 data, the the MPN can be
established and then CFU/mL taking in account the lowest dilution factor of the three
dillutions used for calculation.
Example: A water sample was diluted by
making 3 successive decimal dilutions. From
each dilution, 5 test tubes with selective medium were inoculated, resulting in a total of
15 inoculated tubes. After incubation, the
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first group of test tubes inoculated from the
first dilution showed 4 positive tubes. The
second group of test tubes inoculated from
the second dilution showed 2 positive tubes,
and the third group of tubes inoculated with

dilution 3 showed 1 positive tube. The MPN
index according to Table 2 data, for 4, 2 and
1 positive tubes, is 26. The CFU/mL for the
analyzed water sample is: 26 × 10 = 260 (Feng
& Hartman, 1982).

Table 3.2. Table for establish MPN index
Number of positive tubes
Dilution
group 1

Dilution
group 2

Dilution
group 3

0

0

0

0

0

0

MPN
Index

Number of positive tubes

MPN
Index

Dilution
group 1

Dilution
group 2

Dilution
group 3

<2

4

2

1

26

1

2

4

3

0

27

1

0

2

4

3

1

33

0

2

0

4

4

4

0

34

1

0

0

2

5

0

0

23

1

0

1

4

5

0

1

30

1

1

0

4

5

0

2

40

1

1

1

6

5

1

0

30

1

2

0

6

5

1

1

50

2

0

0

4

5

1

2

60

2

0

1

7

5

2

0

50

2

1

0

7

5

2

1

70

2

1

1

9

5

2

2

90

2

2

0

9

5

3

0

80

2

3

0

12

5

3

1

110

3

0

0

8

5

3

2

140

3

0

1

11

5

3

3

170

3

1

0

11

5

4

0

130

3

1

1

14

5

4

1

170

3

2

0

14

5

4

2

220

3

2

1

17

5

4

3

280

4

0

0

13

5

4

4

350

4

0

1

17

5

5

0

240

4

1

0

17

5

5

1

300

4

1

1

21

5

5

2

500

4

1

1

26

5

5

3

900

4

2

0

22

5

5

4

1600

-

-

-

-

5

5

5

>1600
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To transform fecal indicator concentrations into levels of faecal microbial pollution,
a five-tier water quality classification system
is recommended to be use that integrates
bathing water quality guidelines with the European Water Framework Directive (EU-WFD).

The system defines five classes of faecal pollution, classes I and II are lower, and quality
classes III, IV and V exceed the faecal pollution limit values for good bathing water quality (Table 3.3) (Directive 60/EC, 2000; Kavka
et al., 2006; Kirschner et al., 2015, 2017).

Table 3.3. Microbiological classification system of water quality according to fecal pollution
Microbiological evaluation
of water quality

Clasa
I

II

III

IV

V

Low

Moderate

Critical

Strong

Excessive

Total coliforms

< 500

> 500 –
10 000

> 10 000 –
100 000

> 100 000 –
1000 000

> 1000 000

Fecal coliforms
(thermotolerant
coliforms)

< 100

> 100 –
1 000

> 1 000 –
10 000

> 10 000 –
100 000

> 100 000

< 40

> 40 –
400

> 400 –
4 000

> 4 000 –
40 000

> 40 000

< 100

> 100 –
1 000

> 1 000 –
10 000

> 10 000 –
100 000

> 100 000

Fecal
pollution

Parameters

Fecal streptococci
(Enterococci)

CFU/100
mL water

Escherichia coli

Microscopic Methods
Microscopic methods for direct enumeration of bacteria in water has only limited
applications in health-related water microbiology because the detection limit is relatively high and because the microscopic image does not clearly provide information to
the identify of the bacteria. It is considered
that the microscopic methods do not commonly differentiate between living and dead
cells, which makes interpretation of analytical results in terms of health risks impossible. Some advanced methods asspecific immunofluorescence methods using selective
antibody preparations are available (Schets
et al., 2015). Several methods have been
developed to assess the viability of single
cells by microscopic methods, such as exclusion of certain dyes (indicating integrity
of the cell wall), reduction of tetrazolium
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salts (indicating active respiratory metabolism), and cell elongation in the presence of
nalidixic acid (indicating active biosynthesis). These methods are time consuming and
require the expertise of a research laboratory. The limitations are that in a bacterial
population under stress the detectability by
culture methods is lost more readily than
the viability using microscopic methods. On
resuscitation from this ‘viable but nonculturable’ (VBNC) state, the cells regain culturability and the renewed ability to cause
infection.

Molecular methods
The detection of a specific sequence within the DNA or RNA of the target organism is
principle of molecular methods. Compared to
culture and microscopic methods, molecular
methods generally provide results more rap-
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idly, although sometimes less quantitatively
(Schets et al., 2015). These methods do not
have the limits for detection of nonculturable
organisms.
Detection of mRNA, viability polymerase
chain reaction (PCR) methods allow differentiation between live and dead organisms.
In recent years, molecular methods for
the detection of bacteria have been explored
in many research laboratories. Fluorescence
in situ hybridization involves direct detection of the DNA or RNA of specific bacteria
after concentration on membrane filters with
sequence-specific oligonucleotide probes labeled with fluorescent dyes, without the need
for pre-culture.
PCR can be used for direct detection of
bacteria in water samples and be applied to
identify bacterial isolates. Although PCR is
a sensitive method, concentration of water
samples is nevertheless required. PCR detects nonculturable bacteria but may also
detect dead organisms or past contamination
because DNA is very stable in the environment. mRNA molecules, on the contrary, are
very labile and have a rapid turnover. PCR
cycle consists of three steps: denaturation
of the DNA at high temperature, annealing
of sequence-specific primers to the target
sequence at a lower temperature, and elongation of the primers at a temperature that
is optimal for the thermostable polymerase
enzyme.
Reverse transcriptase-PCR (RT-PCR) assay
can amplify mRNA, which indicates the presence of living or recently dead bacteria in a
sample.
The principle of RT-PCR is that the PCR
step is preceded by a reverse transcriptase
step in which the mRNA is transcribed into
a copy DNA strand, which is used as target
in the PCR reaction. Differentiation between
live and dead cells can also be accomplished
by viability-PCR strategies in which the DNA
of damaged cells is excluded from PCR am-

plification by the covalent binding of an intercalator to the DNA of the damaged cells.
An alternative for the discrimination between
live and dead cells is preceding the PCR by
a short enrichment step allowing culturable
bacteria to multiply.
PCR is a presence/absence technique,
but real-time quantitative PCR (qPCR) systems have been developed that allow direct
molecular detection and quantification of
microorganisms in water samples. In qPCR
methods, the amplified DNA is detected during the PCR reaction in ‘real time’. For typing of bacterial isolates, DNA-sequencing is
often used.
Next-generation sequencing enables the
rapid production of thousands or millions of
sequences, allowing for detection of whole
genomes.

Experimental techniques used
in the frame of the project
BSB27-MONITOX
Detailed knowledge of faecal pollution in
aquatic environments is crucial for river basin
management activities in order to maintain
safe waters for recreational and economic
purposes. The evaluation of the level of microbiological contamination of the Danube
River and Black Sea water in the target areas
of the BSB27 MONITOX project in the SE part
of Romania was carried out by counting the
heterotrophic bacteria and total coliforms.
The collected water samples were tested
for different populations of microorganisms in
the laboratories of the BioAliment Platform
of the Dunarea de Jos University of Galati,
Romania, by incubating the diluted water
samples on specific media for the growth of
coliform bacteria and mesophilic aerobic bacteria (Figures 3.9-3.16).
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Figure 3.9. Preparing culture media, a – weighing and dosing of culture media,
b - sterilization of culture media and pipette tips

a

b

Figure 3.10. Sample processing – a, b – realization of dilutions in sterile physiological serum
and their distribution in sterile Petri dishes

Figure 3.11. Omogenization of the dillution samples
with culture media in sterile Petri dishes
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Figure 3.12. The method of multiple tubes:
Inoculation of the sample dilutions in
specific medium for presumptive test
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Figure 3.13. The incubation of the Petri dishes and tubes with the sample dilutions
at 37 °C for 48 hours

Figure 3.14. Multiple tubes method: inoculation from
positive test specific medium for confirmatory test

a

Figure 3.15. The method of multiple tubes:
Positive tubes of the confirmatory test after
incubation at 37 °C for 48 hours

b

Figure 3.16. Colony of heterotrophic bacteria on PCA medium
(a – first and b – second dilution of the sample)
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The determinations of total mesophilic
aerobic bacteria were carried out in pour
plate using plate count agar followed by incubation at 37°C for 48 h, method provided
by the Romanian Standard STAS 3001-91. The
medium used for cultivation of microorganisms were Plate Count Agar (Sigma Aldrich,
Sweden). The number of heterotrophic bacteria was expressed as colony forming units
(CFU) per mL of sample.
Coliforms at 37°C were determined through
the most probable number (MPN), with three
sets of three tubes according to STAS ISO
4831-92. This method involved two tests, the
presumptive test and the confirmatory test.
For presumptive test was used broth of meat
with lactose and Durham tubes. The confirmatory test was performed with Brilliant Green
Bile 2% broth (Scharlau, Spain) with Durham
tubes. After incubation, the presence of the
gas in Durham tubes and the change color of
the medium from green in yellow indicated
the growth of coliform bacteria.
Coliforms were present in all water samples, and their number varied between 600
and 250 000 CFU/100 mL (Vasile et al., 2019).
The number of total mesophilic bacteria is
closely correlated with the amount of organic matter in water. The number of bacteria
in the water samples analyzed ranged from
1.55 x 10² to 6.08 x 10³ CFU/mL. These values
were higher than the values recorded by Ungureanu et. al. (2014) within the project with
code MIS ETC 1676 (INPOLDE) funded by the
EU through the Joint Operational Programme
Romania-Ukraine-Republic of Moldova: the
total mesophilic aerobic bacteria were in the
range of 1.8 x 10 CFU/mL and 4.6 x 10 CFU/
mL, and the MPN of coliforms, between 60
CFU/ mL and 600 CFU/ mL.
The results obtained by our team in the
comparative study of the microbiological contamination of the surface water from the Danube and Black Sea basins (Ene et al., 2020)
demonstrate a decrease in microbiological
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contamination in 2020 during the COVID-19
pandemic, in all the samples collected from
the Black Sea coast, the Danube arms, the
Danube-Black Sea confluence and the Danube
River downstream of the city of Galati.
Overall, microbial water quality assessment is needed to assess the significance of
the growing anthropogenic impact on the
Danube River, the Danube Delta and the Black
Sea. According to the international classifications for bathing waters, the water samples
were characterized mainly by a moderate
number of coliform bacteria. The exception
was made by some sites located in several
sectors of the Lower Danube River, upstream
of the city of Galati, for which critical values
were met.

3.3. CONCLUSIONS AND
PERSPECTIVES
Quality assurance and traceability of the
microbiological assays of water is the principal criteria for the relevance of the results.
The analysis plan must be establiseh for each
sample taking in account numerous factors
related to level and type of contamination,
physico-chemical ctahateristics of analysed
samples, the techniques used, detection limits etc. Thus, if water is highly contaminated,
some methods may require multiple dilutions
for accurate results, whereas water with a
very low contamination levels may require
the analysis of multiple replicate samples
to obtain reliable results. In microbiological examinations, the nature and age of the
water sample, as well as the growth medium
and the conditions of incubation can have a
strong influence on the species isolated and
the count obtained. Consequently, different
microbiological methods have variable accuracies. This means that the standardization
of methods and laboratory procedures is of
great importance if criteria for the microbial
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quality of water are to be uniform across different laboratories both within country and
internationally.
Establishing the standard methods to be
used for routine examinations is necessary
for the relevance of the results. A relevant
microbiological investigation plan should take
into account: (1) the use of Standard Operating Procedures; (2) proper documentation
to warrant traceability of samples and used
protocols; (3) the use of relevant control
samples, which provide information about
the relevance and the reproductibility of the
results; (4) the participation in external quality assessment schemes (proficiency testing)
to evaluate the entire testing process and reporting of results.
The microbiological controls of water
could rely on the analysis of faecal pollution
indicators. The classical indicators together
with the improvements on the treatment and
disinfection to control waterborne outbreaks
offer predicted information about microbiological quality of water. However, bacterial
indicators do not predict parasite and virus’s
contamination, more resistant to disinfection. Furthermore, the investigation of classical indicators may be substituted by the direct detection of pathogenic microorganisms,
but in this case the methods are much more
expensive and involve special resources (infrastructure, highly qualified operators and
financial investion).
The relevance of the control, data collection and safety assurance of water at global
level, motivated the authorities in the development and implementation of more preventive approaches, like the Water Safety Plans
proposed by World Health Organization (WHO).
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