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Abstract 
 
Research was carried out on the occurrence and physiological properties of heterotrophic bacteria 
inhabiting water of the River Brda in the Bydgoszcz town section. The highest number of microor-
ganisms was found in water of the studied river in June and August at sites located in the centre of 
the town, and the lowest in November and March at the site located at the inflow of the river into 
the town. There were three times more psychrophilic organisms (CFU 20°C) than mesophilic 
(CFU 37°C) among bacteria. Gram-negative rods constituted about 97% of all the bacteria, of 
which fast-developing strains constituted from 51 to 61%. The most commonly occurring bacteria 
in the water of the River Brda were ammonifying bacteria (83.4%), those that reduce nitrates to ni-
trites (55.5%), those that produce hydrogen sulphide from organic compounds (54.1%), those that 
hydrolyse protein (45.1%) and fat (44.3%).The least numerous were pectinolytic (0.8%), urealytic 
(5.8%) and cellulolytic strains (13.6%). The majority of bacteria were capable of carrying out from 
two to six different physiological processes (83.5% altogether), about 12% of strains carried out 
only one process, and only 0.1-4.0% of bacteria carried out more than six processes. 
 
Key words:  heterotrophic bacteria, planktonic bacteria, mesophilic bacteria, psychrophilic bacte-

ria, physiological properties 
 
 
INTRODUCTION  

 
Water bodies are a natural environment for various groups of organisms, including 
microorganisms, to inhabit and development. The water itself affects the organisms 
existing in it through its physical and chemical properties. This is why each organ-
ism living in water has specific vital requirements. 
Bacteria occur in all types of surface waters and live in every zone of water bodies, 
from the surface layer to the bottom deposits. They inhabit clean and heavily polluted 
waters, fresh inland waters and the salt water of seas, stagnant water and watercourses. 
Microorganisms inhabiting the above water bodies belong to various groups, genera 
and species. They frequently come from different environments. The different condi 
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tions prevailing in water mean that the bacteria inhabiting it differ from those occur-
ring in soil, air or in the digestive tract of organisms. Apart from autotrophic forms, 
one can find heterotrophic and parasitic forms in water bodies, including those that 
are pathogenic for humans and animals (Paluch 1973). 
Typically aquatic heterotrophic microflora includes numerous motile organisms, 
monotrichately or lophotrichately flagellated, numerous spirochetes (Spirochaeta), 
Spirillum and Vibrio as well as the majority of Gram-negative rods of the Pseudo-
monas, Achromobacter and Flavobacterium genera (Paluch 1973, Kunicki-Gold- 
finger 1998). 
Microorganisms in water bodies carry out specific biochemical processes, forming 
groups with specific physiological properties. In this way they influence the envi-
ronment they inhabit and the other microorganisms. Heterotrophic bacteria consti-
tute one of the largest groups of microorganisms that take part in the processes of 
matter and energy circulation in the water ecosystems. The organic substances they 
decompose are utilised in the processes of building the structural and replacement 
components of cells and also constitute a source of energy that is indispensable for 
carrying out vital processes (Rheinheimer 1987). In water bodies they contribute to 
the biodegradation and transformation of organic matter, both of autochtonic and al-
lochtonic origin, constituting an important link in the microbial loop, and thus take 
an active part in the self-purification process of waters (Świątecki 2003). 
The aim of this paper was to determine the number of bacteria occurring in the water 
of the River Brda, and to define their morphology as well as some physiological 
properties. 
 
 
MATERIALS AND METHODS 
 

Study area 
 

The research covered a 20 km section of the River Brda lying within the town limits 
of Bydgoszcz. The River Brda is one of the left-bank tributary of the River Vistula, 
which belongs to the catachment area of the Baltic Sea. The River Brda flows out 
from Lake Smołowskie, part of the Bytowskie Lake District. It is 238 km in length 
and the surface area of the river basin is about 4634 km2. The River Brda flows into 
Bydgoszcz from the north and is a natural watercourse about 20-30 metres in width 
until the point where it joins the Bydgoski Canal. It is the source of drinking water 
for Bydgoszcz ("Czyżkówko" water intake) and simultaneously is the main site for 
the discharge of sewage (Adamowska and Płaza 1995). 
 
Sampling 
 

Water samples were taken for analysis on  June, August, November 2000 and March 
2001 from four sites. Site I was located in the Smukała district (where the river 
flows into the town). Sites II and III were located in the town centre near the road 
bridges Królowa Jadwiga (near the Grudziądzkie roundabout) and Kardynał Stefan 
Wyszyński (near the Fordońskie roundabout), while site IV was outside the town,  
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before the flood plain in Łęgnowo (Fig. 1.) Water was collected from the middle of 
the river at a depth of about 20 cm into sterile glass bottles with a capacity of 1 litre, 
and 100 ml of it was immediately preserved in a solution of formaldehyde (final 
concentration 0.7%). The collected samples of water were transported to the labora-
tory in a container with ice inside, where the temperature was about +7°C. The time 
from the moment the samples were taken to the beginning of the analyses did not 
usually exceed 3 hours. 
 
Determination of the total number of planktonic bacteria 
 

The total number of bacteria (TNB) in the water of the River Brda was determined 
using the method of direct counting of bacterial cells on membrane filters (Nucleo-
pore with a pore diameter of 0.22 µm). The bacteria were stained with acridine or-
ange according to Zimmerman and Meyer-Reil (1974) and were counted under an 
epifluorescence microscope “Jenalumar” (Carl Zeiss Jenna). 

 
Enumeration of heterotrophic bacteria 
 
Number of heterotrophic bacteria (CFU) was determined by the spread plates 
method using iron-peptone agar medium after Ferrer et al. (1963). The collected  
samples of water were diluted with sterile physiological liquid (0.85 % NaCl) and 
0.1 ml was poured into the surface of solid medium. The psychrophilic bacteria were 
incubated at a temperature of 20°C and the colonies that grew were counted after  
3 and 6 days. Mesophilic bacteria were incubated at a temperature of 37°C and the 
colonies that grew were counted after 24 h and after 6 days. While colonies of het-
erotrophic bacteria were counted, colonies of pigmented bacteria were also counted. 
The results were calculated per 1 ml of water. All inoculations were conducted in 
three parallel repeats. 
After the bacterial colonies were counted, 100 bacterial cultures each were trans-
planted at random each time and placed on semi-liquid iron-peptone medium, and 
after the purity of the culture was checked they were stored in the refrigerator 
(+4°C) for further tests, and transplanting every 2 months onto fresh iron-peptone 
medium. 
 
Indication of physiological properties 
 

The isolated bacteria used for the research were incubated on slants of iron-peptone 
medium for 3 days at a temperature of 20°C and then seeded on test medium after 
Donderski and Głażewska (1974), Donderski and Strzelczyk (1992). The results 
were read after 6 days of incubation at a temperature of 20°C. The following were 
taken into account in this research: the ability of the bacteria to carry out the process 
of ammonification, reduction of nitrates to nitrites, production of hydrogen sulphide 
from organic compounds, decomposition of protein, cellulose, urea, pectin, starch 
and fat. 
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RESULTS AND DISCUSSION 
 
The enrichment of water with organic substances is reflected in the development of 
heterotrophic bacteria and their proportion in individual physiological groups. Re-
search by Donderski and Strzelczyk (1992) and Świątecki (1997) on the number of 
bacteria in lake water showed a fluctuation in the density of microorganisms de-
pending on the trophy of the water body. Therefore calculating the number of bacte-
ria provides a basic piece of information in microbiological studies of water. In clean 
environments this number depends on the autochtonic matter, made up of exome-
tabolites of phyto- and zooplankton excretions as well as allochtonic matter, which 
gets into water in spring surface run-off and atmospheric precipitation. Research on 
the River Brda confirmed that the maximum number of bacteria occurs in places 
where allochtonic matter flows into the river, thus polluting the water in the river. 
These are domestic and industrial waste discharge points and places where surface 
run-off from the drainage basin flows in. 
Data concerning the total number of bacteria (TNB) occurring in the water of the 
River Brda on the section under investigation and the number of heterotrophic bacte-
ria (CFU) are presented in Table 1. The greatest total number of bacteria was found 
in August and June (9.3 and 8.1x106 cells/ml, respectively), and the lowest in No-
vember and March (4.6 and 4.9x106 cells/ml, respectively). Research conducted by 
Donderski and Kalwasińska (2003) also shows that the maximum number of plank-
tonic bacteria in Lake Chełmżyńskie was found in summer, and the minimum in au-
tumn. 
Generally the total number of bacteria in the river increased in the direction of flow. 
The lowest number of bacteria was found at site I (4.3x106 cells/ml), while at site III 
in the town centre their number was twice as high at 8.8x106 cells/ml. The greatest 
number of microorganisms, i.e. from 8.1 to 8.8x106 cells/ml, was found on the sec-
tion of the river flowing through intensely built-up and industrially developed areas. 
A significant factor affecting the number of microorganisms in the environment is 
temperature. Research by Świątecki (1997) on three groups of lakes showed that 
seasonal changes in temperature are correlated with the dynamics of bacteria devel-
opment and thus with their number. 
During the research carried out on the River Brda, the greatest number of heterotro-
phic bacteria was found in August – on average 1426.9x103 cells/ml, at an average 
water temperature of 13-19°C, while the lowest was during winter season – on aver-
age 66.4x103 cells/ml, when the water temperature was 2-5°C. 
During the whole of the research period, psychrophilic bacteria were three times 
more abundant than mesophilic (Table 2). The percentage share of psychrophilic 
bacteria varied from 56.8 to 99.3% of the total number of heterotrophs. The percent- 
age of psychrophilic bacteria decreased in the direction of flow of the river from 
92.6% at site I to 65.8% at site IV. The opposite phenomenon was observed for 
mesophilic bacteria. These organisms constituted from 0.7 to 43.2% of the total 
number of heterotrophs in the water of the River Brda. 

Among the isolated heterotrophic bacteria of the River Brda, 40% of strains dis-
played an ability to produce pigments (Table 3). The greatest number of chromo- 
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Table 3 
Occurrence of some morphological forms and chromogenic bacteria in water  

of the River Brda (bacteria in %) 
 

Morphological forms 
Date of 

sampling 
rods cocci bacilli 

Chromogenic 
bacteria 

June 2000 97.0 
[94.0-100.0] 

2.5 
[0-6.0] 

0.5 
[0-2.0] 

42.5 
[40.0-44.0] 

August 2000 99.5 
[98.0-100.0] 

0.0 
[0.0] 

0.5 
[0-2.0] 

43.0 
[36.0-48.0] 

November 2000 96.0 
[90.0-100.0] 

2.0 
[0-8.0] 

2.0 
[0-4.0] 

37.0 
[36.0-40.0] 

March 2001 96.5 
[93.5-100.0] 

2.5 
[0-6.0] 

1.0 
[0-2.0] 

36.5 
[26.0-44.0] 

Average 97.25 1.75 1.0 39.8 

 

[ ] – range 
 

 
 

Fig. 2. Occurrence of physiological groups among bacteria isolated from water of the River 
Brda (percentages derived from the pooled data of all sites and swasons) 
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genic bacteria was found in the spring-summer period (on average 42.5% and 43%), 
and the lowest in autumn and winter (on average 37% and 36.5%). According to 
Kunicki-Goldfinger (1998) the ability to produce pigment in bacteria in the water is 
a response to the exposure of microorganisms to sunlight. A particular concentration 
of pigmented microorganisms occurs in the surface water (Donderski and Strzelczyk 
1992). According to Rheinheimer (1987) the number of pigmented bacteria in water 
with poor transparency in polluted waterbodies is decidedly lower. 
Among morphological forms in the water of the River Brda, Gram-negative rods 
were decidedly dominant, constituting 97.25% of the studied strains (Table 3). A si- 
milar domination of rods in the water of different lakes was found by many authors 
(Potter 1964, Donderski 1971, Borsodi et al. 1998, Donderski and Kalwasińska 
2003). According to Donderski and Strzelczyk (1992) this morphological type can 
account for up to 96% of all the heterotrophic bacteria in the water of Lake Jeziorak. 
The percentage share of cocci and bacilli in the water of the River Brda was similar 
at 1.75% and 1.0%, respectively. Matusiak et al. (1965), Niewolak (1971), Chróst 
(1977) have observed that the growth and development of gram positive bacteria is 
impeded by active biological substances secreted by numerous algae and cyanobac-
teria, particularly during blooming.  
It follows from the research carried out on the physiological properties of bacteria 
that microorganisms capable of carrying out the process of ammonification occurred 
in the greatest numbers in the water of the River Brda. They constituted on average 
83.4% of the tested strains (Fig. 2.). The number of ammonifiers increased with the 
direction of flow. At site I, before the town limits, there were 3.8x103 cells/ml water, 
and at site III 4446.2x103 cells/ml water (Table 4). 
The dominance of ammonifying bacteria in the investigated section of the River 
Brda confirms the results of research in other water bodies (Donderski 1971, 
Donderski and Strzelczyk 1992; Świątecki 1997; Danielak 1998). According to 
Rheinheimer (1987) ammonification in an aquatic environment is a particularly im-
portant process conditioning the circulation of ammonia nitrogen (N-NH3) in water 
ecosystems, and amino acids, now common in waters, are used by bacteria as a 
source of nitrogen or  nitrogen and carbon together. 
As follows from our research, less numerous among heterotrophs were bacteria ca-
pable of carrying out the process of denitrification (on average 55.5 % of strains) 
and production of hydrogen sulphide from organic compounds (on average 54.1 % 
of strains) (Fig. 2.). 
The greatest number of denitrifying bacteria was found in August at site III 
(3929.2x103 cells/ml) and the lowest in November at site I (2.0x103 cells/ml) (Table 
4). In Donderski and Kalwasińska (2003) research the highest percentage of denitri-
fying bacteria was observed in summer period too.  
The maximum number (3825.8x103 cells/ml) of microorganisms that produce hydro-
gen sulphide in the water of the River Brda was found in August at site III (Table 4). 
A less numerous group of heterotrophic bacteria in the investigated section of the 
River Brda consisted of organisms that hydrolyse high-molecular compounds. The 
trophic level of a given water body is determined by the proportion of bacteria carry-
ing out certain hydrolytic processes. 44.3% of the isolated strains in the River 
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Occurrence of some physiological groups of bacteria  
 

Number of bacteria 
Date of 

sampling 
Sites 

A B C D 

June  
2000 

 
I 
 

II 
 

III 
 

IV 
 
 

 
5.5 

[2.4-12.6] 
71.0 

[56.1-89.9] 
328.8 

[294.5-637.1] 
1296.6 

[1226.6-1370.6] 

 
3.6 

[1.3-9.9] 
54.4 

[41.5-71.3] 
307.6 

[274.5-344.7] 
1149.0 

[1083.2-1218.8] 

 
3.6 

[1.3-9.9] 
42.6 

[31.4-57.8] 
190.9 

[165.2-220.6] 
1119.8 

[1054.9-1188.7] 

 
2.1 

[0.6-7.6] 
63.9 

[49.8-82.0] 
254.5 

[224.6-288.4] 
736.7 

[684.4-793] 

August 
2000 

 
I 
 

II 
 

III 
 

IV 
 
 

 
3.8 

[1.4-10.2] 
28.2 

[19.4-41.0] 
4446.2 

[4314.9-4581.5] 
463.1 

[422.0-508.2] 

 
2.1 

[0.6-7.6] 
17.4 

[10.8-28.0] 
3929.2 

[3805.9-4056.5] 
372.0 

[335.4-412.6] 

 
2.7 

[0.9-8.5] 
22.21 

[14.6-33.8] 
3825.8 

[3704.1-3951.5] 
352.4 

[316.8-392.0] 

 
0.4 

[0.1-4.7] 
3.0 

[1.0-9.0] 
517.0 

[473.5-564.5] 
110.7 

[91.6-133.8] 

November 
2000 

 
I 
 

II 
 

III 
 

IV 
 
 

 
5.9 

[2.7-13.1] 
14.0 

[8.3-23.7] 
33.2 

[23.5-46.9] 
174.6 

[150.1-203.1] 

 
2.0 

[0.5-7.5] 
6.8 

[3.2-14.4] 
21.9 

[14.3-33.5] 
97.4 

[79.6-119.2] 

 
1.6 

[0.4-6.8] 
5.1 

[2.2-12.0] 
25.6 

[17.6-37.9] 
97.4 

[79.6-119.2] 

 
2.0 

[0.6-7.4] 
2.1 

[0.6-7.6] 
9.8 

[5.2-18.4] 
60.9 

[47.2-78.6] 

March  
2001 

 
I 
 

II 
 

III 
 

IV 
 
 

 
11.5 

[6.4-20.6] 
29.5 

[20.5-42.5] 
128.2 

[107.5-152.9] 
184.7 

[159.5-213.9] 

 
5.3 

[2.3-12.3] 
15.4 

[9.3-25.5] 
108.5 

[89.6-131.4] 
136.5 

[115.1-161.9] 

 
5.0 

[2.1-11.9] 
19.0 

[12.1-29.9] 
78.9 

[63.0-98.8] 
140.6 

[118.8-166.4] 

 
3.4 

[1.2-9.6] 
6.8 

[3.2-14.4] 
23.0 

[15.2-34.8] 
48.2 

[36.2-64.2] 

 

A – ammonifying bacteria; B – denitrifying bacteria; C – H2S producing bacteria; D – amylolytic 
bacteria, I – pectinolytic bacteria; I-IV (see table 1), [ ] – range 
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Table 4 
in water on the research section of the River Brda 
 

x103 cells/ml 

E F G H I 

 
4.4 

[1.8-11.0] 
47.3 

[35.4-63.2] 
222.7 

[194.8-254.6] 
559.9 

[514.5-609.3] 
 

 
3.8 

[1.4-10.2] 
56.8 

[43.6-74.0] 
328.8 

[294.5-367.1] 
1031.4 

[969.1-1097.7] 

 
0.8 

[0.1-5.5] 
14.2 

[8.4-24.0] 
63.6 

[49.5-81.7] 
88.4 

[71.5-109.3] 

 
0.9 

[0.2-5.6] 
33.1 

23.4-46.8] 
31.8 

[22.4-45.2] 
58.9 

[45.4-76.4] 

 
0.0 

[0.0-0.0] 
7.1 

[3.4-14.8] 
10.6 

[5.8-19.4] 
0.0 

[0.0-0.0] 

 
2.8 

[0.9-8.7] 
9.6 

[5.1-18.1] 
2378.2 

[2282.7-2477.7] 
211.4 

[184.3-242.5] 
 

 
1.7 

[0.4-7.0] 
13.2 

[7.7-22.7] 
2171.4 

[2080.2-2266.6] 
382.6 

[345.4-423.8] 

 
0.2 

[0.01-4.4] 
1.2 

[0.3-6.1] 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 

 
1.4 

[0.3-6.5] 
5.4 

[2.4-12.4] 
310.2 

[276.9-347.5] 
50.3 

[38.0-66.6] 

 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 
103.4 

[85.0-125.8] 
10.1 

[5.4-18.8] 

 
3.9 

[1.5-10.3] 
7.5 

[4.0-15.8] 
12.1 

[6.9-21.3] 
89.3 

[72.3-110.3] 
 

 
1.6 

[0.4-6.8] 
5.1 

[2.2-12.0] 
16.6 

[10.2-27.0] 
56.8 

[43.6-74.0] 

 
0.5 

[0.1-4.9] 
0.0 

[0.0-0.0] 
5.3 

[2.3-12.3] 
12.2 

[6.9-21.5] 

 
1.7 

[0.4-7.0] 
1.7 

[0.4-7.0] 
5.3 

[2.3-12.3] 
12.2 

[6.9-21.5] 

 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 

 
7.3 

[3.5-15.1] 
12.9 

[7.5-22.3] 
65.8 

[51.5-84.1] 
92.4 

[75.1-113.7] 
 

 
6.2 

[2.8-13.6] 
12.3 

[7.0-21.6] 
49.3 

[37.1-65.5] 
64.3 

[50.1-82.5] 

 
0.6 

[0.1-5.1] 
0.0 

[0.0-0.0] 
9.9 

[5.3-18.5] 
12.0 

[6.8-21.2] 

 
3.6 

[1.3-9.9] 
3.7 

[1.4-10.0] 
9.9 

[5.3-18.5] 
8.0 

[4.0-16.0] 

 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0] 
0.0 

[0.0-0.0 

 

bacteria; E – proteolytic bacteria; F – lipolytic bacteria; G – ureolytic bacteria; H – cellulolytic 
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Brda displayed lipolytic capabilities (Fig. 2.). In lakes, bacteria display differing 
abilities to decompose lipids. According to Niewolak (1971) 18-25% of bacteria of 
the hyponeuston hydrolyse lipids. Donderski and Strzelczyk (1992) and Lalke-
Porczyk (1999) also contend that lipolytic bacteria are one of the most numerous 
groups of bacteria occurring in the waters of Lake Jeziorak. In the opinion of Műn-
ster and Albrecht (1994) lipids produced by both plants and animals are one of the 
most important groups of biopolymers occurring in fresh waters. Bacteria can ac-
tively cumulate and use fatty compounds, among others, as a source of energy (Arts 
et al. 1992). 
Among the tested planktonic bacteria of the River Brda, 45.1% of strains displayed 
an ability to decompose protein (Fig. 2.). Research conducted by Strzelczyk et al. 
(1976) and Donderski and Strzelczyk (1992) shows that the number of proteolytic 
bacteria in water bodies increases with a rise in their trophy. According to Donderski 
and Strzelczyk (1992), in the oligo-mesotrophic lake Jasne there were 50% of them, 
while in the eutrophic lake Jeziorak about 66%. Saava (1985) and Suigita et al. 
(1987) claim that bacteria decomposing protein in water basins can account for 70% 
up to 100% of the total number.  
It follows from the results contained in this paper that bacteria capable of decompos-
ing starch constituted about 26%, while in the water of the eutrophic lake Jeziorak 
they constituted, according to Donderski (1971), as much as 80%, and in the oligo-
mesotrophic lake Jasne only 3% of the total bacteria population (Donderski and 
Strzelczyk 1977). The research on starch decomposition leads to a conclusion that 
amylolytic bacteria account for a relatively numerous bacterial group (Suigita et al. 
1987, Borsodi et al. 1998). Starch is natural ingredient of water plants, and active 
bacteria use is as a source of carbon and energy. 
Cellulolytic abilities were found in about 14% of the studied strains (Fig. 2.). The 
determination of the properties of cellulolytic bacteria can present problems because 
the number of these bacteria can be limited by the selective properties of the iron- 
-peptone medium after Ferrer et al. (1963) used for isolating bacteria and the overly 
 

 
 

Fig. 3. The amount of processes which are carried out by bacteria from the River Brda (bacte-
ria in %) 
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short (6 days) incubation period, insufficient to initiate the synthesis of cellulase af-
ter cultivation on the medium with cellulose (Donderski and Strzelczyk 1992). 
The small proportion of bacteria decomposing urea, only about 6%, that was found 
during this research could be caused by the presence of ammonia released by am-
monifying bacteria, a finding which is emphasised by Rheinheimer (1987). Accord-
ing to Paluch (1973) ureolytic bacteria is an important link in the process of putting 
vast amounts of nitrogen back into circulation.  
The very small quantity of pectinolytic bacteria (about 1%) could testify to the fact 
that this compound is reluctantly decomposed by the planktonic bacteria in the River 
Brda. This could also be linked to the presence of larger amounts of more easily ab-
sorbed organic substances in the river. Donderski and Kalwasińska (2003) demon-
strated that among bacteria isolated from the water of Lake Chełmżyńskie pecti-
nolytic bacteria made up 19% of the studied strains. It follows from research con-
ducted by Donderski and Strzelczyk (1992) on lakes Jasne and Jeziorak that pectin 
was more readily decomposed by bacteria in the oligo-mesotrophic lake Jasne than 
in the eutrophic lake Jeziorak, which confirms the above findings. They are also 
confirmed by research concerning the metabolic activity of bacteria occurring in 
lakes with varying trophy, from which it follows that organisms in lakes with a 
lower trophy are generally more active (Strzelczyk et al. 1976). 
The majority of the bacteria isolated from the water of the River Brda were capable 
of carrying out from two to six different physiological processes, which involves 
83.5% of the bacteria population (Fig. 3.). Highly specialised organisms, i.e. those 
carrying out only one physiological process, were not very numerous (12%) and nei-
ther were bacteria capable of carrying out more than six different physiological 
processes (0.1-4.0%). 
The number of heterotrophic bacteria and the value of the water quality coefficient "Q" 
after Korsh (1959) (Fig. 4.) testify to the fact that the least polluted water in the River 
 

 

 
 

Fig. 4. Cleanliness index Q of the River Brda on the Bydgoszcz town section 
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Brda was before the point where it flows into the centre of Bydgoszcz (Q = 686.1). 
The extent of pollution increased as it flowed through the town, as confirmed by the 
falling values of "Q" to 22.0 at site IV and the growing numbers of bacteria in the 
studied physiological groups. The large proportion of ammonifiers and denitrifiers 
points to the fact that self-cleaning processes take place in the river. The proportion 
of individual physiological groups of bacteria at the studied sites also suggests that 
the type and composition of domestic waste discharged into the River Brda on the 
studied section was mostly similar for the whole study period and any variation in 
the number of bacteria was undoubtedly linked to the temperature of the water. 
Bacteria isolated on artificial laboratory substrates are of course only a part of those 
that inhabit studied water bodies and the properties of these strains in laboratory 
conditions may be different from their real activity in the natural environment. The 
results obtained from the research do, however, provide the opportunity to investi-
gate their potential abilities to carry out biochemical processes and also to predict 
the capability and intensity of the self-purification process. Thus studies of this type 
should be continued, and some parameters and microbiological processes should 
even be monitored. 
 

 
CONCLUSIONS 
 
1.  The number of bacteria in the River Brda increases in the direction of flow. The 

lowest number of bacteria was found, where the river flows into the town. The 
greatest number of bacteria was found in the town centre. The increase in the 
number of heterotrophic bacteria and the decrease in the value of the water qual-
ity coefficient "Q" after Korsh with the direction of flow testify to the increasing 
pollution of the water within the town of Bydgoszcz. 

2.  The number of psychrophilic bacteria in the water of the River Brda was three 
times higher than that of mesophilic bacteria. The number of mesophilic bacteria 
grew with the increase in the degree of pollution of the water in the river. The 
greatest number of these bacteria was found in summer, the lowest in autumn and 
winter. 

3.  Gram-negative rods were dominant in the water of the River Brda and chro-
mogenic bacteria constituted about 40 % of the population. 

4.  Among the physiological groups of ammonifying bacteria were dominant. Deni-
trifying bacteria were also a large group as were bacteria that produce hydrogen 
sulphide from organic compounds. The least numerous were pectinolytic bacte-
ria, those decomposing urea and cellulose. 
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WYKORZYTYWANIE AMINOKWASÓW I CUKRÓW PRZEZ BAKTERIE  

WYIZOLOWANE Z PLAŻY MORSKIEJ 
 

Streszczenie 
 

Przeprowadzono badania nad występowaniem i właściwościami fizjologicznymi bakterii he-
terotroficznych bytujących w wodzie rzeki Brdy, na odcinku miasta Bydgoszczy. Najwięcej 
mikroorganizmów w wodzie badanej rzeki stwierdzono w czerwcu i sierpniu, na stanowi-
skach usytuowanych w centrum miasta, a najmniej w listopadzie i marcu na stanowisku zlo-
kalizowanym na wpływie rzeki do miasta. Wśród bakterii 3-krotnie więcej było organizmów 
psychrofilnych (TVC 20°C) niż mezofilnych (TVC 37°C). Pałeczki gram-ujemne stanowiły 
ok. 97% ogółu bakterii, wśród których szczepy szybko rozwijające się stanowiły od 51 do 
61%. Najliczniej w wodzie rzeki Brdy występowały bakterie amonifikacyjne (83.4%), redu-
kujące azotany do azotynów (55.5%), wytwarzające siarkowodór z organicznych związków 
(54.1%), hydrolizujące białko (45.1%) i tłuszcz (44.3%). Najmniej liczne były szczepy pek-
tynolityczne (0.8%), mocznikowe (5.8%), i celulolityczne (13.6%). Większość bakterii zdol-
na była do przeprowadzania od dwóch do sześciu różnych procesów fizjologicznych (83.5% 
łącznie), jeden tylko proces przeprowadzało około 12% szczepów, a więcej niż sześć proce-
sów tylko 0.1-4.0 % bakterii.     

 
 
 
 


