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Abstract

Our study is aimed at microbiological analysis of water samples originating from a small municipal lake

in Szczecin, called Syrenie Stawy. The studies were conducted for a year in monthly intervals. The variables
estimated in the water samples included the extent of contamination (TVC 20°C and TVC 37°C), content of
sanitary status bacteria (coli group bacteria, TC), foecal-type coli group bacteria (FC), foecal streptococci (FS)

and bacteria of physiological types (denitrification, amonification, sulphate- and sulphite-reducing bacteria).

Results of the studies demonstrated high content of sanitary bacteria, which pointed to a significant contamina-

tion of the lake. High content of psychrophilic and mesophilic bacteria pointed to high amounts of organic sub-

stances in water. On the other hand, the high content of NPL, of coli group bacteria titres and of foecal type coli

group bacteria provided evidence for drainage of communal sewage to waters of Syrenie Stawy. This was addi-

tionally proven by the presence of foecal streptococci. As far as physiological bacteria were concerned, the

extensive differences in between mean values obtained for various sampling points may indicate unequal load-

ing of Syrenie Stawy waters with contaminants in various points of their coastal zone.

Keywords: water, municipal lakes, microbiological analysis

Introduction

Small municipal lakes represent sites that enrich the land-
scape, provide towns with character, and form elements of
green fields, parks and, therefore, offer the prospect for relax
and rest of many town inhabitants. Consequently, the need
arises for protecting the clean character of such places, not
just for aesthetic reasons, but also to prevent their transfor-
mation to another epidemiological hazard [1-4]. In the area
of Szczecin and in all of West-Pomerania Voivodship, sever-
al small water containers are present, which are not covered

*e-mail: kurp13@univ.szczcin.pl

by the monitoring programme. The Programme of State
Environmental Monitoring (2007-09) and implementation of
the Framework Aquatic Directive monitor water purity in
lakes of over 50 ha in area [5, 6]. A report on the condition of
the environment in West Pomerania voivodship in 2004-05
[5] contains data on studies conducted on only 10 lakes (sit-
uated beyond municipal agglomerations) of area between 10
and approximately 42 ha. Interest in the lakes [5] reflected
mainly the process of implementation of the Nitrate
Directive'. Four lakes were selected for the study [5], situ-
ated in the catchment area of the Plonia River (Dologie

' The Nitrate Directive: No. 91/676/EEC, edited in 1991 by the European Council in order to restrict water contamination with nitro-
gen originating from agricultural sources. Excessive concentration of nitrates in drinking water directly endangers health of humans
and animals, while in surface waters it may disturb biological equilibrium, resulting in eutrophization of the containers. Moreover, con-
tamination with nitrates is frequently linked to contamination with various other noxious substances, providing a sort of index of haz-

ards for the basic natural resources of water.
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Mielgcinskie, Zaborsko I, Zaborsko II and Ptonno lakes),
and six lakes (Psarskie, Byszkowo, Machliny Mate,
Baczyno, Baczynko and Czarnowek) potentially endan-
gered by inflow of contaminations from regions fertilized
with liquid manure from industrial pig farms [5]. The report
claims [5] that the only examined index in the microbio-
logical range involved foecal-type coli titre, and that the
waters fitted the class I or II of purity. In 1993-2008 our
Department conducted microbiological evaluations of
water originating from small municipal lakes of Szczecin,
including Rusatka [1, 7, 23, 24, 26-33], Syrenie Stawy [2,
7,23-25, 33], Stoneczne [31-33, 38] and Glgbokie [31, 33].
The studies pertained to sanitary bacteria (bacteria charac-
terizing the extent of contamination, TVC 20°C and TVC
37°C, foecal-type coli group bacteria and foecal streptococ-
ci) and bacterial of physiological groups (denitrification,
ammonification, sulphate- and sulphite-reducing bacteria).
Analysis showed that water of the containers was exten-
sively polluted and the evaluation pointed to the need and
purposeful character of systematic monitoring, also of
microbiological parameters that define the sanitary and
ecological conditions of the containers.

Aim of Study

The studies aimed at microbiological analysis of water
samples, related to their content of sanitary bacteria (bacteria
which indicate the extent of contamination, TVC 20°C and

TVC 37°C, coli-group bacteria, foecal-type coli-group bac-
teria and foecal streptococci) and of bacteria belonging to a
physiological group (denitrification, ammonification, sul-
phate- and sulphite-reducing bacteria), originating from the
small municipal lake Syrenie Stawy in Szczecin. The analy-
sis was conducted in 2004, with water sampling every 4
weeks.

Material and Methods

Material for the studies involved water samples origi-
nating from Syrenie Stawy lake (Fig. 1), consisting of three
containers linked by human-made inlets, the surface area of
which amounts to, respectively, 4.5 ha, 0.22 ha and 0.20 ha.
Depth of individual containers ranged between 1.5 m and
2.0 m, and municipal sewage is drained to all of them.
Water samples were taken in four points of the lake, marked
as SSI, SSII, SSIII and SSIV, respectively (Fig. 1). The
studies were conducted in the entire year of 2004, in month-
ly intervals using the study model designed in the Chair of
Microbiology and Immunology, FNSci, US [3, 34-37], but
the variables estimated in the studies included bacteria
characterizing the extent of contamination, TVC 20°C and
TVC 37°C, coli group bacteria (TC), foecal type coli group
bacteria (FC), foecal streptococci (FS) and bacteria of phys-
iological groups (denitrification, ammonification, sulphate-
and sulphite-reducing bacteria), using the earlier-described
procedures [3, 34].

Fig. 1. Location of sampling site (SSI-IV) in Syrenie Stawy.
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Table 5. The average annual values of microbiological parameters within the range of the sanitary state of Syrenie Stawy Lake.
Sampling TVC TVC MPN - 100ml" Coli titre MPN - 100ml* | Fecal coliforms MPN - 100ml"
site 20°C 37°C total coliforms fecal coliforms titre fecal streptococci
SSI 10,534 472 32,521 1.0404 11,577 3.0585 1,350
SSII 16,361 433 11,293 0.4378 5,605 0.6460 2,100
SSHI 13,872 394 25,617 2.1519 7,770 2.5409 3,125
SSIvV 102,599 1 964 133,015 0.4082 560,661 0.8731 3,700

TVC — the amount of pollution degree indicator bacteria. MPN — the most probable number.

Table 6. The average annual values of microbiological parameters within the range of physiological group bacteria in Syrenie Stawy

Lake.
Sampling MPI.\I i 1001-nl' Denitrification MPN 100'.]“- Amonification MPN - 100ml: Presence of sulphite-
. Denitrification .. Amonification A Sulphate-reducing . .
site . bacteria titre . bacteria titre . reducing bacteria
bacteria bacteria bacteria

SSI 21,973,166 0.0009134 362,011 0.0005000 1,026 present

SS1I 1,442,775 0.0031942 26,191,917 0.0002266 1,026 present

SSIII 25,803,608 0.0012396 24,887,417 0.0008724 229 present

SS1v 28,120,627 0.0028775 25,579,167 0.0001314 2,635 present

MPN - the most probable number.

Results

Results of microbiological tests on water samples for 12
individual months and 4 sampling points are shown in
Tables 1 to 4, and the mean annual values for the four sam-
pling points are shown in Tables 5 and 6.

Analysis of results obtained for water samples originat-
ing from Syrenie Stawy Lake, related to bacteria which
serve as an index of contamination extent examined at
20°C, at the sampling point SSI demonstrated variation
between 57 (May) and 73,000 bacteria per ml water
(January), at the sampling point SSII between 87 (June) and
110,000 (January), at the sampling point SSIII between 52
(May) and 98,000 (January), and at the sampling point SIV
between 256 (October) and 760,000 (May). Mean annual
value of the parameter were as follows: in sampling point
SSI: 10,534 bacteria per ml water; in SSII: 16,861; in
SSIIT: 13,872; and in SSIV: 102,599. Considering index
bacteria for the extent of contamination examined at 37°C,
in sampling point SSI content of the bacteria ranged from 7
(August) to 2,800 (February), in SSII from 19 (October) to
2,250 (January), in SSIII from 19 (October) to 1,500
(January), in SSIV from 72 (June) to 17,000 (January).
Annual means of the parameter were as follows: in sam-
pling point SSI water contained 472 bacteria per ml, in SSII
433, in SSIII 394, and in SSIV 1,964 bacteria per ml
(Tables 5 and 6).

In the studied period values of NPL and titres of coli
group bacteria, in SSI NPL ranged from <5 cells per 100 ml
water and their titre from >20 (April) to NPL of 230,000

bacteria per 100 ml water and titre of 0.0004 (January), in
point SSII from NPL of 62 and titre of 2 (June, October) to
NPL of 62,000 and titre of 0.002 (January, September), in
point SSIIT from NPL of 6 and titre of 17 (September) to
NPL of 230,000 and titre of 0.0004 (February), in point
SSIV from NPL of 23 and titre of 4 (August) to NPL of
620,000 and titre of 0.0002 (January, April). Mean annual
values of NPL for coli group bacteria in the point SSI
amounted to 32,521 bacteria per 100ml water, in SSII to
11,293, in SSIII to 25,617 and in SSIV to 133,015 bacteria
per 100 ml water.

Analysis of the results obtained for NPL values and titre
of foecal-type coli-group bacteria in the point of SSI ranged
from NPL of <5 bacteria per 100 ml water and the titre of
>20 (April) to NPL of 62,000, titre of 0.002 (January,
February). At the point of SSII the results ranged from NPL
of 23, titre of 4 (December) to NPL of 62,000, titre of 0.002
(January). In the point of SSIII the parameter values ranged
from NPL of <5, titre of >20 (July) to NPL of 62,000, titre
of 0.002 (January), and in the point SSIV from NPL of 23,
titre of 4 (July, August) to NPL of 6,200,000, titre of 0.0002
(January). Mean annual values of NPL for foecal-type coli-
group bacteria were as follows: in SSI the value amounted
to 11,577, in SSII to 5,605, in SSIII to 7,770, and in SSIV
to 560,661.

NPL for foecal type streptococci ranged in the sampling
point of SSI from 0 bacteria per 100 ml water (April-July,
September, October, December) to 10,000 (January); in
SSIT from O (February, May, September, October,
December) to 18,000 (January); in SSIII from O (April,
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May, July, September, October, December); in SSIV from 0
(July, September) to 21,000 (January). Mean annual values
of the parameter were as follows: in the sampling point of
SSI' 1,350, in SSII 2,100, in SSIII 3,125 and in SSIV
3,700.

Analysis of the results obtained for bacteria of physio-
logical groups showed that NPL values and titres of deni-
trification bacteria in SSI ranged from NPL of 23,000, titre
of 0.004 (November) to NPL of 240,000,000, titre of
0.0000004 (August); in SSI from NPL 300, titre of 0.033
(October) to NPL of 2,300,000, titre of 0.00004 (February,
July), in SSIII from NPL of 9,300, titre of 0.01 (September)
to NPL of 240,000,000, titre of 0.000004 (August) and in
SSIV from NPL <3, titre of >33 (December) to NPL of
240,000,000, titre of 0.0000004 (November). Mean annual
value of the parameter amounted to 21,973,166 in SSI, to
1,442,775 in SSII, to 25,803,608 in SSIII and to 28,120,627
in SSIV. NPL values and titre of ammonification bacteria
demonstrated variation in SSI from NPL of 23,000, titre of
0.004 (August) to NPL of 240,000,000, titre of 0.0000004
(July); in SSII from NPL of 93,000, titre of 0.001 (October)
to NPL of 240,000,000, titre of 0.0000004 (July); in SSIII
from NPL of 23,000, titre of 0.004 (July) to NPL of
24,000,000 , titre of 0.000004 (February, March); in SSIV
from NPL of 230,000, titre of 0.004 (August, October) to
NPL of 240,000,000, titre of 0.0000004 (May). The docu-
mented mean annual NPL for ammonification bacteria
were as follows: in SSI 362,011, in SSII 26,191,917, in
SSIII 24,887,417, and in SSIV 25,579,167 bacteria.

Discussion of Results

Few studies have dealt with microbiological tests on
water samples originating from small municipal lakes in the
area of Poland (Tables 7 and 8 ), except for our own reports
on Szczecin municipal lakes: Rusatka [1, 7, 23, 24, 26-33],
Syrenie Stawy [2, 7, 23-25, 33], Stoneczne [31-33, 38] and
Glebokie [33]. Therefore, interpretation of present results is
difficult since the results obtained now can mainly be com-
pared just with our own earlier results.

The demonstrated total number of bacterial colonies in a
100 ml sample, cultured in a nutrient agar at 20°C for 72 h,
has been in the range of 52 to 760,000 and has proven high-
er than the bacterial content in most small aquatic contain-
ers in the area of Poland [Table 7, pos. 11-20, 31, 33], but
lower than the results noted for Stoneczne Lake [31-33, 38],
Rusatka Lake [1, 7, 23, 24, 26-33], or Syrenie Stawy Lake
[2,7,23-25, 31, 33] in 1993 to 2003 (Table 7).

As far as the total number of bacterial colonies is con-
cerned, per 100 ml sample cultured at 37°C, in a nutrient
agar for 24 hours, the results have ranged between 7 and
17,000, resembling the results obtained by Niewolak [15]
in Jeziorak Maty Lake (Table 7) which, although located
within a town, manifests a much higher surface area (26
ha). Results of the parameters we obtained have been high-
er than values recorded for most studied containers of a sur-
face area ranging between 2 and 26 ha [11-19, 31, 33], but
lower than those documented for the other municipal lakes

of Szczecin, Stoneczne [31-33, 38] and Rusatka [1, 7, 23,
24, 26-33], or that found in Lake Dtugie, near Olsztyn [20].

In the scope of coli bacteria a wide range of values has
been noted of the most probable number of the bacteria
(NPL), ranging from <5 to 620,000, which has not been
confirmed by other studies on small lakes (Table 7).
However, it has been noted that the values have been high-
er than those obtained Starodworskie [13] and Mutek lakes,
[14] or in Glebokie Lake [31, 33] but lower than the results
obtained in other small lakes in Szczecin, Stoneczne [31-
33, 38] and Rusatka [1, 7, 23, 24, 26-33].

Titres of coli-group bacteria in our own studies have
ranged from 0.0002 to >20. Similar values within a similar
range have been disclosed by our team in studies on
Stoneczne [31-33, 38], and Glebokie lakes [31, 33], and
also in the earlier conducted studies on Syrenie Stawy Lake
[2,7,21,23-25,33]. The values have been noted to be high-
er than those obtained in Skrzynka Lake [12], Lipno [11],
Rosnowskie-Mate [11], Budzynskie [12] and Dtugie lakes
near Olsztyn, and those documented by Niewolak and
Donderski in Jeziorak Maty Lake [15-18] (Table 7).

NPL of foecal-type coli-group bacteria in our studies
has ranged between less than 5 to 6,200,000, and the results
have exceeded those recorded in Mutek [14] and Glgbokie
lakes [31,33], although they have been lower than those
noted in Stoneczne [31-33, 38] and Rusatka lakes
[1,7,23,24,26-33] or in earlier studies on Syrenie Stawy
Lake [2, 7, 23-25, 31, 33] from 1993-2003.

Titres of foecal-type coli-group bacteria in our studies
have ranged between 0.0002 and >20. The variable has
been studied only in our investigations on other municipal
lakes of Szczecin in 1993-2003: Stoneczne [31-33, 38],
Rusalka[1, 7,23, 24, 26-33], Glebokie [31, 33] and Syrenie
Stawy lakes [2, 7, 23-25, 31, 33], and the values noted at
present have been confirmed.

NPL of foecal streptococci in present studies has varied
between 0 and 140,000. The value has been lower than the
values obtained for Stoneczne lake [31-33, 38], Rusatka [1,
7,23, 24, 26-33], and Syrenie Stawy lakes [2, 7, 23-25, 31,
33] in studies conducted in 1993-2006, but higher than the
values noted in the out-of-town-situated Mutek Lake [14]
or municipal Gigbokie Lake [31, 33].

In evaluation of results within the range of physiologi-
cal group bacteria it has to be noted that few studies have
been performed on the group of bacteria in other water
containers in Poland (apart from our own studies on lakes
such as Rusatka, Syrenie Stawy or Stoneczne) and the stud-
ies have used to include just two indices: NPL of ammoni-
fication bacteria and NPL of denitrification bacteria.

The NPL of ammonification bacteria have fitted the
range of 23,000 to 240,000,000, and the level has been con-
firmed also in Stoneczne [31-33, 38] and Rusatka lakes [1,
7, 23, 24, 26-33], and in the earlier studies on Syrenie
Stawy Lake [2, 7, 23-25, 31, 33]. The remaining tested
lakes [11, 12, 20, 22, 39], of surface area up to 32 ha (Table
8), had much lower values.

In our own studies the titre of ammonification bacteria
showed the range of 0.0000004 to 0.004. Results of the
index could have been compared only to values obtained by
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our team in studies on Syrenie Stawy Lake [2, 7, 23-25, 31,
33]in 1993 to 2003, and on Stoneczne Lake [31-33, 38] (in
which the results have slightly diverged from present ones),
and on Rusatka Lake [1, 7, 23, 24, 26-33], where the values
have exceeded those obtained in present investigations.

NPL of denitrification bacteria in our own studies has
reached values fitting the range <3 to 240,000,000, which
has been confirmed in investigations conducted on
Stoneczne Lake [31-33]. Results of the index have been
demonstrated to exceed the results obtained in the lakes of
Wadotek [39], Suchar IV [39], Suchar Zachodni [39],
Konopiak [39], Wygorzele [39], Skrzynka [12], Kociotek
[12], Lipno [11] and Rosnowskie-Mate [11].

Similarly to ammonification bacteria, the titres of deni-
trification bacteria have been examined only by our team in
Stoneczne [31-33, 38], Rusalka [1, 7, 26-33] and Syrenie
Stawy [2, 7, 23-25, 31, 33]. It has been recorded that simi-
lar values of the variable have been noted in the containers.

NPL of sulphite-reducing bacteria has ranged from 4 to
20,000. Also, this index has not been tested in other lakes
with surface area up to 32 ha (Table 8), except of our inves-
tigations on lakes such as Stoneczne [31-33, 38], Rusatka
[1, 7, 23, 24, 26-33] and earlier-conducted studies on
Syrenie Stawy lake [2, 7, 23-25, 31, 33]. In present studies
values of the index have been lower than those obtained in
the above-mentioned water containers.

Similarly to most indices related to bacteria of physio-
logical groups, the presence of sulphate-reducing bacteria
has not been tested with the exception of our investigations,
which usually have disclosed the presence of the bacteria
group in studied water containers.

Summary

As compared to results obtained with water of other
lakes with surface area of approximately 30 ha in the area
of Poland (Table 8), values of studied variables were
markedly higher but resembled values obtained in the
other municipal lakes of Szczecin (Rusatka, Stoneczne,
Glebokie), studied by our team in 1993-2008 (Table 7).
The high values of NPL and the high titres of coli-group
bacteria and of foecal-type coli-group bacteria in water
samples taken for the studies provide proof for draining of
municipal sewage to Syrenie Stawy lake. In addition, the
conclusion is corroborated by the presence of foecal strep-
tococci. Moreover, we detected in the samples high num-
bers of psychrophilic and mesophilic bacteria point to high
content of organic substances in the water. In addition, the
high differences between mean values of physiological
group bacteria noted between water sampling points of the
studied water container may indicate an unequal burden of
water contamination in Syrenie Stawy, at various points of
its coastal zone. The high values of studied parameters in
water samples obtained from Syrenie Stawy Lake not only
corroborate the fact that the water container is contaminat-
ed, but also demonstrate lack of interest of municipal
authorities in small lakes situated within the town of
Szczecin.
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