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Abstract

Pathogenic microorganisms are a common component of surface water reaching rivers along with 
sewage. If present in small quantities, they are not a threat to the health and life of humans, but in larger 
quantities can be a pathogenic factor causing much discomfort. The amount of pathogenic bacteria in river 
waters varies depending on various factors such as the size of the stream, the season, water level, degree 
of eutrophication of the watercourse and its tributaries, or geographical area through which the river fl ows 
and the ability of a watercourse to self-clean. In view of the risks that may be caused by microorganisms 
pathogenic to humans and animals, a constant monitoring of their quantity in surface waters has been carried 
out. As follows from studies conducted for the past several years (1999-2010), the number of coliforms 
and thermo-tolerant coliforms in Wisłoka River water near Mielec showed a downward trend, while that 
of fecal enterococci (Enterococcus faecalis) a growing tendency. At that time there was no evidence of 
Salmonella. In almost the whole study period, pollution of human origin exerted a major impact on the 
sanitary conditions of tested water. Only in 2006 were they of the zoonotic nature. Analyzed sanitation 
parameters of surface water in the Wisłoka River collected in a water intake point for the city of Mielec 
showed high variability, depending on the season and water pH. Coliform bacteria showed the highest 
number at the lowest pH (≤7.0). There was very high, positive correlation (rx,y>0.7) between the number of 
microorganisms and selected physicochemical indicators of water quality. Count of coliform bacteria and 
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Introduction

In addition to the native (indigenous) microfl ora, the 
river waters also contain allochthonic microorganisms 
that can be potentially harmful to the health and life of 
humans. For hygienic-sanitary safety reasons, the amount 
of this type of microorganisms found in river waters is 
constantly monitored, especially in cases when the river 
water is used for human consumption [1-8]. Many authors 
have demonstrated that agricultural or urban pressures are 
highly associated with loading of Salmonella and other 
enteric bacteria in the surface waters. However, natural 
factors also may be relevant to, e.g., precipitation, or 
birds can be a source of microbiological contamination 
[9, 10]. The surface water is a reservoir of a spectrum of 
pathogenic microorganisms, including coliforms, thermo-
tolerant coliform bacteria, Enterococcus faecalis, and 
Salmonella [9, 11-16]. All these bacteria are referred to 
as sewage bacteria that deserve special attention. As 
intestinal bacteria, a special pathogenic feature is exhibited 
by gram-negative Salmonella, including those that cause 
typhoid. Elevated concentrations of sewage bacteria is 
a potential threat to human health in the case of sewage 
penetration into the environment [5, 17]. Therefore, the 
occurrence of all above-mentioned bacteria in the water 
may be indicative of “fresh” water pollution with sewage 
[15, 18]. These microorganisms can cause many problems, 
among which are: fever, diarrhea, nausea, vomiting, and in 
extreme cases they can lead to death [19].

Surface water quality, due to microbiological 
indicators, is of great importance for the economy, because 
there are legal standards governing their monitoring and 
protection (Directive 75/440/EWG, Reg. Min. Environ. 
… 2002 and Water Law, [3, 20, 21]).

The aim of our study is to assess the amount of coliform 
bacteria, thermo-tolerant (fecal) coliform bacteria, fecal 
enterococci (Enterococcus faecalis), and Salmonella in 
the surface waters of the Wisłoka River for supplying the 
population of Mielec in drinking water. Also an attempt 
to look for correlation between the selected physico-
chemical variables of water quality and quantitative 
occurrence of tested bacterial groups in these waters was 
undertaken.

The present studies are part of a wide body of work 
dedicated to the water quality of the Wisłoka River in the 
area of the city of Mielec.

Material and Methods

Area of Study

The water supply system in Mielec uses the waters of 
the Wisłoka from an unshielded side water intake. The 
Wisłoka fl ows through Podkarpacie Province from south 
to north, and its catchment covers an area of more than 
4,100 km2. Wisłoka springs are located in the macro-
region Central Beskidy and mesoregion Beskid Niski 
(Magurski National Park and Jaśliski Landscape Park). 
More recently, intensive agricultural and breeding activity 
was conducted in the cover of the protected areas, which 
have since been discontinued [1, 22]. Below Beskid Niski, 
the Wisłoka fl ows into the Pogórze Środkowo-beskidzkie 
– areas with a high degree of the natural environment 
conversion caused by agriculture. Below Pilzno, the 
Wisłoka enters the Kotlina Sandomierska, where around 
Mielec it fl ows into the Vistula River (50°26’17”N and 
21°23’07”E) [1].

The side water intake for Mielec is located near 
Wojsławska Street in Mielec. The actual effi ciency of 
the intake is 9,680m3/day, and it is less than 25% of the 
production capacity of the water treatment plant (WTP), 
resulting from the authorization [22].

Sampling and Study Methods

The study results upon the occurrence of selected 
pathogenic bacteria referred to the following years: 
coliform, 1999-2010 (129 tests); thermo-tolerant coliform 
type, 2003-2010 (85 tests); fecal enterococci, 2003-10 
(85 tests); and Salmonella, 2005-10 (59 tests). The assays 
were carried out in the frame of the screening by the 
District Sanitary and Epidemiological Station in Mielec. 
Water samples were collected according to the control 
procedure PK/PP/01 Collecting samples for tests in the 
frame of a current supervision and control instruction IK/
PP/SK/01/01 Collecting the water samples for physical, 
chemical, and biological tests (predominantly in the 
fi rst week of each month in two repeats), based on the 
following standards:
 – PN-EN ISO 5667-3:2005, Water quality. Sampling. 

Part 3. Preservation and handling of water samples.
 – PN-EN ISO/IEC 17020:2006/Ap1:2007, General 

criteria for the operation of various types of bodies 
performing inspection.

thermo-tolerant coliform type increased along with the increase in the value of electrolytic conductivity. 
The largest correlation (rx,y = 0.85) was recorded between the number of fecal enterococci and the level of 
BOD5 indicator.

Keywords: surface water, coliforms, thermo-tolerant (fecal) coliform type, fecal enterococci 
(Enterococcus faecalis), physicochemical parameters, correlation 
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All tests were performed in a certifi ed Laboratory of 
Environmental Hygiene (Certifi cate No: AB 695), acting 
on the basis of standard PN-EN ISO/IEC 17025:2005/
AC:2007, General requirements for the competence of 
testing and calibration laboratories:
 – Coliforms: PN-75/C-04615.05. Water and sewage. 

Microbiological assays. Determination of coliform 
bacteria by means of tube fermentation method.

 – Thermo-tolerant coliform type: PN-77/C-04615.07. 
Water and sewage. Microbiological assays. 
Determination of fecal coliform bacteria by means of 
tube fermentation method.

 – Fecal enterococci: PN-EN ISO 7899-2:2004 Water 
quality. Detection and enumeration of intestinal 
enterococci. Part 2. Membrane fi ltration method.

 – Salmonella bacteria: PB/PHK-01 Detection and 
isolation of Salmonella in waters (procedure of PSSE 
Mielec).

Assessment of Results

The test results were evaluated by taking into account 
average occurrence for annual and multi-year, as well as 
depending on the season and the pH values of water. The 
results were statistically processed by calculating mean 
values, correlations, and LSD by Tukey at the signifi cance 
level of p = 0.05. Results of microorganism presence in 
Wisłoka water at the surface water intake point for Mielec 
were compared, taking into account the requirements of 
Reg. Min. Environ. from 2002, which lists three categories 
of water quality (A1, A2, A3) depending on the limits of 
indicators [21]:
 – A1 – water requiring simple physical treatment, in 

particular by fi ltration and disinfection;
 – A2 – water requiring typical physical and chemical 

treatment, in particular of pre-oxidation, coagulation, 
fl occulation, decantation, fi ltration, and disinfection 
(fi nal chlorination);

 – A3 – water requiring high-effi ciency physical and 
chemical treatment, particularly oxidation, coagulation, 
fl occulation, decantation, fi ltration, adsorption on 
activated charcoal, and disinfection (ozonation, fi nal 
chlorination) [21].

Also, the attempt to search for correlations between 
selected physicochemical factors characterizing the water 
samples analyzed and described in [1] vs. number of 
specifi c microorganisms was undertaken (the same water 
samples). Simple correlation Pearson coeffi cients rx,y 
were calculated, assuming the defi ned physicochemical 
parameter of water as variable x, and the number of 
microorganisms as variable y. On the basis of thermo-
tolerant coliform bacteria number to the number of 
Enterococcus faecalis ratio, an assessment of the origin 
of water pollution in the Wisłoka (from human or animal 
waste) was carried out in every research year. 

The number of studied microbiological parameters 
in the surface water monitoring of the Wisłoka near 
Mielec resulted from applicable laws as well as the test 
abilities of the District Sanitary-Epidemiological Station 
in Mielec. Therefore, some of the analyzed parameters 
were included, while others were excluded from the scope 
of testing in the analyzed period. Sampling was generally 
based on the annual work plan, which was subject to slight 
modifi cations depending on hydrological conditions in 
the watercourses, which was the subject of the present 
study. The sampling did not include periods of sudden 
spates.

Results and Discussion

Selected microbiological indicators in Wisłoka waters 
coming from the intake for Mielec, along with statistical 
parameters, are shown in Table 1.

During the study period, the most variable results 
characterized the thermo-tolerant coliform type of bacteria, 
much less the coliforms, while the least characterized the 
fecal enterococci. The bacteria amount in the study period 
was declining for coliforms and thermo-tolerant coliform, 
whereas it was growing for fecal enterococci (Table 1). 
The level of contamination of the lower section of the 
Wisłoka (around Mielec) is mainly determined by urban 
and industrial pollution (chemical and agri-food industry), 
discharged from Mielec and cities located upstream. A 
signifi cant contribution to the pollution of water in this 
region also accounts for agriculture [3, 22]. Probably 

Table 1. The chosen microbiological indicators in Wisłoka River waters coming from the intake for Mielec with statistical parameters.

No.
Specifi cation Coliform bacteria Fecal coliform bacteria Enterococcus faecalis

Unit *MPN·100cm-3 MPN·100cm-3 **cfu·100cm-3

1 Minimum 37 13 29

2 Maximum 70000 24000 210

3 Average 16140 6081 109

4 Standard deviation 19099 9187 51

5 Variability coeffi cient (%) 118.3 151.1 46.7

6 Trend of population during the study period decrease decrease increase

* MPN – most probable number      ** cfu – colony forming unit
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sewage from households has some remarkable impact on 
microbiological status of waters. The research by Grave 
and Weaver [4, 13] shows that numerous pathogenic 
and potentially pathogenic microorganisms are recorded 
in the wastewater from households. Microbiological 
indicators of surface water quality affect the classifi cation 
of Wisłoka waters. Despite the improving chemical and 
physicochemical parameters of water quality [1, 23], 
microbiological indicators can still be a cause of lower-
quality Wisłoka surface waters [24].

Coliform Bacteria

In the analyzed period the number of coliform bacteria 
in Wisłoka surface waters near the water intake for Mielec 
showed a large variation. The lowest average MPN of 
coliform bacteria was found in 2003 at 2,647 MPN·100 
cm-3, while the highest in 2005 was 47,000 MPN·100 
cm-3, which is almost 18 times more than in the year 
characterized by the lowest mean population (Fig. 1).

The average MPN bacteria in the studied period 
amounted to 16,140 MPN 100 cm-3 (Table 1). According 
to Skonieczek [25], in recent years, microbiological 
indicators most commonly affected the surface water 
exclusion of categorization as defi ned in Reg. Min. 
Environ. from 2002 [21]. Some results of MPN bacteria 
from 1999-2002 and 2005 were outside the acceptable 
limit of bacterial numbers for A3 water category (more 

than 50,000 MPN·100 cm-3), which excluded Wisłoka 
waters at the studied water intake from their utilization for 
consumption purposes that time.

The analysis of coliforms, depending on the season, 
showed their greatest number in the fall, a little less in 
spring and winter, and signifi cantly the lowest in summer. 
These quantities ranged from 12,976 MPN 100 cm-3 in 
the summer season to 18,581 MPN 100 cm-3 in autumn 
(Fig. 2). Also, Delpha and Rodriguez [2] and Fonseca et 
al. [26] observed the lowest amount of fecal coliforms in 
river water in summer months. Some authors [27] reported 
a signifi cantly lower number of coliforms in winter than in 
autumn. According to Grabińska [28], the largest nitrogen 
contents, as a eutrophicating factor, appear in rivers during 
the spring thaw and autumn rains, which favor the growth 
of microorganisms and which are refl ected in the obtained 
test results. These assumptions were also confi rmed by 
Kaniuczak and Augustyn [23] in studies upon the content 
of organic nitrogen in Wisłoka water in particular seasons. 
The authors recorded the highest content of this component 
in the fall, and the lowest in summer. Kadir and Nelson 
[29] found that E. coli inactivation depends strongly on 
dissolved oxygen concentration and the presence of UVB 
radiation, which can be related to seasonal variation 
number of bacteria. During monsoon season most of 
the spring water samples contained a higher content 
of coliform bacteria, which was proven by Hema et al. 
[30]. Rainwater may move microbial pollutants through 
a watershed, where they collect and drain into rivers, but 
may also be diluted.

The number of coliforms in Wisłoka surface water 
varied depending on pH value (Fig. 3). Their largest 
quantity – over 25,000 MPN·100 cm-3 – was found below 
pH 7.0. The lowest amount was recorded within the pH 
range of 7.1-7.5 (13,521 MPN·100 cm-3); this value gra-
dually increased in subsequent ranges of pH to reach the 
limit range of pH ≥8.1 value of 17,200 MPN·100 cm-3. 
Only mean MPN of coliform bacteria within the range 
below pH 7.0 statistically differed from results in other 
pH ranges (p = 0.05).

Coliform bacteria are gram-negative rods capable of 
performing the fermentation of lactose to form acidic 
products [12]. Therefore, the large cell frequency of this 

Fig. 1. The medium MPN (most probable number) of coliform 
bacteria in 1999-2010.
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Fig. 3. The medium MPN of coliform bacteria depending on the 
pH value in 1999-2010.
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group of microorganisms in water of pH≤7.0 demonstrated 
in this study resulted from the fact that optimum pH for 
the growth of these bacteria is 6-7.

Thermo-Tolerant (Fecal) Coliform Type

The number of thermo-tolerant coliforms, like that 
of coliforms, changed and showed a decreased trend 
over the period considered (Fig. 4). The lowest average 
number of these microorganisms was found in 2006 (29 
MPN 100 cm-3), and the highest in 2004 (16,233 MPN 
100 cm-3). Considering all the results of analysis, the 
number of thermo-tolerant coliform bacteria during the 
study period ranged from 13 MPN 100 cm-3 (summer of 
2006) up to 24,000 MPN 100 cm-3 (in the spring 2005 and 
2006). The average number of thermo-tolerant coliforms 
was 6,081 MPN 100 cm-3 (Table 1), which corresponds to 
the A3 category of surface water quality criteria defi ned 
in Reg. Min. Environ. from 2002, due to the limit and 
recommended amount of microorganisms in this type of 
water [21]. However, during the study period, there were 
water samples that did not meet the requirements set out in 
the Regulation, these were the results of analyzes obtained 
in June 2004, April 2005, September 2007, and October 
2009.

Analysis of the study results upon the occurrence 
of thermo-tolerant coliform, depending on the season, 

showed their largest number in the winter months 
(9,125 MPN 100 cm-3), and slightly lower in the spring 
months (8,671 MPN 100 cm-3). The smallest number of 
thermo-tolerant coliforms occurred in autumn (2,229 
MPN 100 cm-3), while more than twice during the summer 
(4,870 MPN 100 cm-3) (Fig. 5). Similar occurrences of 
these bacteria were noted by Vereen et al. [31] in waters of 
the upper portions of the Satilla River in Georgia.

Changes in the amount of thermo-tolerant coliform 
bacteria depending on the pH of water were not analyzed 
due to the small number of such tests resulting from legal 
circumstances.

Fecal Enterococci

The average number of fecal enterococci ranged from 
75 cfu 100 cm-3 (2007) to 160 cfu 100 cm-3 (2005) (Fig. 6). 
The smallest number of fecal enterococci was detected in 
summer 2007: 29 cfu 100 cm-3, whereas the highest were 
in spring 2006 (210 cfu 100 cm-3). Such an abundance of 
fecal enterococci detected in waters of the Wisłoka allow 
for classifi cation of these waters to the second category 
of surface water used for public supply for consumption 
with a maximum permissible value of 1,000 cfu 100 cm-3 
(Reg. Min. Environ. .... 2002). Donderski [32] reported 
similar amounts of fecal enterococci in surface waters of 
the Vistula River.

Fig. 5. The medium MPN of fecal coliform bacteria depending 
on the season in 2003-10.

Fig. 7. The average number of Enterococcus faecalis depending 
on the season in 2003-10.

Fig. 6. The average number of Enterococcus faecalis in 2003-10.Fig. 4. The medium MPN of fecal coliform bacteria in 2003-10.
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Presented data indicate (Fig. 7) that there are different 
average numbers of fecal enterococci at particular seasons 
of the year. Statistically signifi cant differences were found 
between the presence of these microorganisms in spring 
and summer as well as between spring and autumn, when 
their average number in water was the lowest. Fecal 
enterococci were not studied in winter. Studies upon 
waters of rivers in Podkarpacie province [8] reveal that 
the amounts of pathogenic microorganisms in winter and 
spring are much higher than in summer, which is refl ected 
in the test results referring to water from the Wisłoka. This 
is probably related to the low water levels during winter 
at the large infl ow of sewage containing Enterococcus 
faecalis [22]. In the summertime there is also signifi cant 
insolation and, as noted by Davies et al. [33], the solar 
radiation inactivates bacteria (including Enterococcus 
faecalis).

Microbiological indicators presented in this study 
inform not only about the scale, but also the source 
of contamination (Table 2). However, the number of 
fecal bacteria (thermo-tolerant coliform bacteria, and 
Enterococcus faecalis) is a more precise indicator, which 
shows the microbiological contamination originated from 
human or animal waste [34]. Moreover, according to some 
authors [35-38], the ratio of total thermo-tolerant coliforms 
to Enterococcus faecalis bacteria may be crucial for the 
accurate assessment of the type (origin) of contamination. 
Data presented in Table 2 show that in almost all years 
of study (with the exception of 2006), the ratio amounted 
to >4. Such value of this parameter indicates that human 
contamination exerted the main impact on the sanitary 
condition of water. Only in 2006 was the ratio 0.23, 
which indicates that during this period microbiological 
contaminants were zoonotic in nature. Similar conclusions 
were also drawn by other authors [32], who in the research 
upon sanitary condition of the Vistula also used the above-
mentioned microbiological indicators.

Salmonella

In the period 2005-2010, nearly 60 water samples from 
river Wisłoka at the point of water intake for the residents 
of Mielec, were also examined for the presence of patho-
genic bacilli of Salmonella genus. However, none of the 
tests did not reveal the presence of this microorganism in 
tested waters. The presence of Salmonella was not fi nd 
per 1000 cm-3, which allowed to qualify the water of riv-
er Wisłoka (taking into account this sanitary parameter) 
to A2 category in accordance with Reg. Min. Environ. ... 
2002 [21]. From literature review of this scope follows, 
that the other authors, that stated presence of Salmonel-
la pathogens, also found, that it was linked with rainfall 
quantity [17, 30, 31]. Vereen et al. [31] emphasized that 
Salmonella detection frequency was inversely related to 
the total rainfall. Sigua et al. [17] showed that concen-
trations fecal coliforms, E. coli, and Salmonella in water 
samples were higher during wet months than during dry 
months.

The Correlation between Analyzed Microbiological 
Parameters and Selected Variables of Water Quality

Correlation coeffi cients between microbiological 
parameters depending on the properties determining the 
quality of surface water were also calculated, which are 
shown in Table 3. The present microbiological studies in 
this part of the article are the biggest part of a wide body 
of work dedicated to Wisłoka water quality in the area of 
Mielec, and they have complied with physicochemical 
parameters presented in previous studies.

Most of the physicochemical indicators that 
characterize Wisłoka waters had a slight or weak infl uence 
on the quantitative presence of studied pathogenic 
microorganisms (Table 3). Based on studies of the 
Tamiraparani River catchment, Sivanandham et al. [39] 
also found that microbial-contaminated communities 

Table 2. Number of faecal coliform bacteria Enterococcus faecalis and their interrelation in the water of the Wisloka River.

No.
Years of research Fecal coliform bacteria (FC) Enterococcus faecalis (EF) FC/EF

Unit MPN·100cm-3 MPN·100cm-3 -

1 2003 2493 116 21.49

2 2004 16233 76 213.59

3 2005 12350 160 77.19

4 2006 29 124 0.23

5 2007 6436 75 85.81

6 2008 3620 102 35.49

7 2009 7000 146 47.94

8 2010 3200 153 20.92

9 Medium 6081 109 55.79

Ratio: FC/EF > 4 human origin              FC/EF < 0.7 animal origin
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were not associated with geochemical parameters too. 
Depending on the dissolved oxygen content and number 
of coliform – for which a positive correlation was found 
as well as between fecal enterococci number and color of 
the water – average correlation was shown. A very high 
positive correlation was recorded between the presence 
of coliform bacteria and thermo-tolerant coliforms vs. 
specifi c electrical conductivity of water samples (at 
the level of 0.78 and 0.70, respectively). The highest 
correlation coeffi cient (0.85) was found between the 
amount of fecal enterococci and BOD5 indicator. Very 
high correlation between these water parameters confi rms 
the general relationship between the increase in water 
contamination and the number of microorganisms, and 
increasing the rate of biochemical oxygen demand.

Conclusions

1. In the study period (1999-2010), the average number 
of coliforms and thermo-tolerant coliforms in Wisłoka 
water, derived from the water intake point for Mielec, 
oscillated within a wide range while maintaining a 
downward trend. During the study, water quality was 
good. However, occasionally the test sanitary param-
eters excluded water from the Wisłoka from its supply 
to thevpublic as drinking water.

2. The average number of fecal enterococci (Enterococ-
cus faecalis) varied over the study period at a fi xed 
tendency of their occurrence growth. These numbers 
did not exceed the standards for surface waters defi ned 
in the regulation from 2002.

3. Within many years of research, the main impact on the 
sanitary condition of the surface water in Wisłoka was 
exerted by human-origin contamination. Only in 2006 

was there pollution of a zoonotic nature.
4. Pathogenic Salmonella was not found in Wisłoka wa-

ters in the study period (2005-10).
5. Analyzed sanitary parameters of Wisłoka surface wa-

ter from the water intake for Mielec were highly vari-
able, depending on the season, and sometimes on the 
pH of the water.

6. Very high, positive correlation (rx,y≥0.7) between the 
specifi c electrolytic conductivity of water and the 
number of coliform bacteria and thermo-tolerant co-
liform was recorded. Very high positive correlation 
(rx,y = 0.85) was also revealed between BOD5, and fecal 
enterococci numbers.
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7 Oxidation -0.14* (low) n.c. n.c.

8 Dissolved oxygen 0.23* (average) n.c. n.c.

9 BOD5 0.17* (low) -0.11 (low) 0.85* (very high)

10 Specifi c electrical conductivity 0.78* (very high) 0.70* (very high) 0.15 (low)

11 Alkalinity -0.02 (faint) n.c. n.c.

* - statistically signifi cant values (signifi cance level p = 0,05);                 n.c. – not calculated
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