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Abstract: Occurrence of nitrogen cycle bacteria 
in the Biebrza River. This paper of the selected 
groups of nitrogen cycle bacteria in the Biebrza 
River was analysed. In the water samples the 
quantity of ammonifying bacteria, nitrifying bac-
teria, proteolitic bacteria was estimated and also 
selected water quality indicators were analysed. 
Large quantities of proteolitic bacteria and am-
monifying bacteria were found while the quantity 
of nitrifying bacteria was very small. Water qual-
ity analyses proved high TOC concentrations and 
low nitrate as well as nitrite concentrations. It was 
found, that the mineral forms of nitrogen being 
the intensive product of organic matter degrada-
tion is not released (low concentrations of am-
monia), but it is accumulated in microorganisms 
cells. Low concentrations of ammonia are limit-
ing for the number of nitrifying bacteria. The sea-
sonal character of the occurrence of all analysed 
bacteria groups was as well found. The analytical 
procedure used was adjusted for bacteriological 
research on rivers of low anthropopressure.

Key words: ammonifying bacteria, nitrifying bac-
teria, proteolitic bacteria,  Biebrza River, water 
quality.

INTRODUCTION

The bacteria form a particularly vital 
chain link of matter cycling in water 
ecosystems. They contribute to the natu-
ral self-purifi cation of those ecosystems. 
The initiation of this process is condi-

tioned by the presence of an appropriate 
physiological group of those bacteria. 
A quantity of bacteria in an ecosystem is 
determined by the quality and the quan-
tity of infl owing pollutants, often having 
allochtonic character. Being exception-
ally sensitive to changing environment 
quality, the bacteria are one of the quick-
est indicators of appearing disturbance 
(along with phytoplankton indicators). 
Then, the analysis of the dynamics of in-
dividual microorganisms groups can be 
the most sensitive method for ecosystem 
changes record.

Nitrogen is one of key elements in 
nature. However it has to be transformed 
into other chemical forms which can be 
assimilated by different organisms inhab-
iting the ecosystem, and this transforma-
tion is the role played by nitrogen cycle 
bacteria. Then, this type of bacteria can 
be one of basic microorganism groups 
pointing ecosystem pollution changes, 
especially in the monitoring of the eco-
systems of a low infl owing pollutants 
degree. 

The aim of this research is an initial 
description of the Biebrza River water 
quality changes through the quantitative 
analysis of selected nitrogen cycle bac-
teria.   
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MATERIALS AND METHODS

The research was performed in this paper 
on the reach of the Biebrza River from 
Lipsk to Rutkowskie which is 118.5 km 
long. Surface water samples were taken 
at 9 sampling points located along the 
river course (points no. 1–11, Table 1), in 
the period from July 2007 to April 2008. 
Additionally, in the last sampling period, 
the research area was extended by 5 new 
sampling points located on selected trib-
utaries to the Biebrza River (points no. 
12–16, Table 4).

Surface water samples were taken 
into pure bottles according to PN-74/
/C0462/01 in three measurement periods: 
in July and September 2007 and in April 
2008. The quantities of the selected bac-
teria physiological groups were deter-
mined, using standard diagnostic base, 
according to the Polish Norm guidelines. 
MPN For proteolitic bacteria the gen-
eral number was estimated (according 

with PN-74/C-04615/17; in CFU – col-
ony forming units), however for am-
monifying bacteria and nitrifying bac-
teria the MPN (most probable number) 
was determined. The determination of 
the ammonifying bacteria and nitrify-
ing bacteria quantities was done at the 
beginning by the inoculation systems: 
3 × 10 cm3, 3 × 1 cm3, 3 × 0.1 cm3 ac-
cording to the Polish Norm: PN-74/
C04615/18, PN-77/C04615/20). Next, 
in consecutive measurement times, the 
inoculation volumes were gradually 
changed –for ammonifying bacteria the 
volumes of water were decreased to 3 ×
× 0.1 cm3, 3 × 0.01 cm3, 3 × 0.001 cm3, 
however for nitrifying bacteria of the 
fi rst (I) and the second (II) phase these 
volumes were increased to1 × 50 cm3, 
5 × 10 cm3. Proteolitic bacteria were in-
cubated for 72 hours (in the temperature 
of 28°C), ammonifying bacteria were in-
cubated for 96 hours (28°C), while the 

TABLE 1. Quantitative characteristic of proteolitic (P) and ammonifying (A) bacteria in measurement 
points

Measurement points on the Biebrza 
River Sampling periods

No 
point locality

river 
kilometer 

from source 

15.07.2007 09.09.2007 22.04.2008
P 

CFU/ml
A 

CFU/ml
P 

CFU/ml
A 

CFU/ml
P 

CFU/ml
A

CFU/ml
1 Lipsk 39.5 3724 24 1961 24 45 230
3 Sztabin 66.8 nd nd nd nd 10 230
5 Dolistowo 88.8 nd nd nd nd 110 230
6 Goniądz 106.7 nd nd nd nd 30 90
7 Osowiec 114.6 6453 > 24 59 24 130 950
8 Biały Grąd 126.5 1596 24 113 24 nd nd 
9 Brzostowo 150.6 4562 24 1318 24 nd nd

10 Burzyn 155.5 15 651 24 2038 24 185 230
11 Rutkowskie 158.0 27 067 24 1465 24 nd nd

nd – no data
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nitrifying bacteria were incubated for 21 
days (28°C).

Moreover, the concentrations of se-
lected water quality parameters were ana-
lysed. The concentrations of ammonium, 
nitrate and nitrite ions were determined 
adequate to the liquid chromatography 
method (Dionex ICS-1000). TOC (total 
organic carbon) and TN (total nitrogen) 
rates were obtained using the high tem-
perature method (automatic fl ow analyz-
er SKALAR Formacs HT/TN), accord-
ing to ISO 8245 EPA 415.1). 

RESULTS AND DISCUSSION

In July and September 2007 the analyses 
were performed for 6 sampling points in 
the Biebrza Upper Basin (point no. 1) 
and in the Biebrza Lower Basin (points 
no. 7–11, the river reach of the length 
42.5 km). The gradual increase in pro-
teolitic bacteria quantities was found 
along the course of the river, which in-
dicates the increasing organic pollution 
of water. The determined quantity of 
the proteolitic bacteria at the analysed 
river reach ranged from 1596 CFU/ml to 
27 067 CFU/ml in July, while in Septem-
ber the recorded value was from 59 to 
2038 CFU/ml. It wasn’t possible to de-
termine the trends in quantity variation 
here, however, the results suggest chang-
es in organic pollution degree along the 
course of the river. Again, in April 2008, 
(reach of 116 km length, 6 sampling 
points) there were found gradual chang-
es in proteolitic bacteria quantities along 
the course of the river – successively, 
there was the increase of their quantity 
at the upper reach, the increase and the 
decrease of their quantity in the middle 

reach, and, once more, their increase in 
the lower reach. The changes in organic 
pollution (protein pollution) at the ex-
amined river reaches can be caused by 
contaminants input by the Biebrza tribu-
taries, which collect them from neigh-
boring areas (agricultural areas, wet-
lands) which was proved by the research 
conducted by Frąk (2010), Kardel et al. 
(2007), Skoczko (2004). The research 
performed in this paper discovered also 
a high quantity of proteolitic bacteria in 
the infl owing water from the tributaries: 
from 45 CFU/ml in the Kosodka River to 
2550 CFU/ml in the Augustowski Can-
nal, which points at their high organic 
contamination. The organic contamina-
tion of the Biebrza River could be also 
caused by the infl ow of local municipal 
sewage.

The results of TOC and TN meas-
urements confi rm the bacteriological 
analysis indications. In the analyzed pe-
riod there were high concentrations of 
TOC (Table 3) which can classify the 
Biebrza River waters as highly contami-
nated (over 0.02 mg C/ml). Rheinheimer 
(1987) claimed, that geological condi-
tions exert a vital infl uence on physi-
ochemical properties of surrounding wa-
ter. The research performed by Kardel et 
al. (2007), and contemporarily executed 
analyses on a similar area, confi rm a sig-
nifi cant infl uence of wetlands on a high 
TOC concentration in the Biebrza River 
water. Water courses draining wetlands 
wash out organic substances (including 
humus compounds) from the peat, and 
then enter them into waters of the Bie-
brza River. TOC contamination can be 
also caused by the infl ow of local ag-
ricultural and urban sewage (Skoczko 
2004; Frąk 2010). 
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Moreover, the changes in the quanti-
ties of proteolitic bacteria, proved in this 
research, are related with the seasonal-
ity of their occurrence. In the cold period 
there occurs the decline in their quantity 
(April; Table 1), which is consistent with 
typical dynamics of bacteria quantity 
in surface waters (Gotkowska-Płachta 
2007; Gołaś i in. 2008a, 2008b).

There were also the analyses of am-
monifying and nitrifying bacteria quan-
tities undertaken in the same sampling 
points as given above. In July the quan-
tity of ammonifying bacteria was deter-
mied to be over 24 MPN/ml of water at 
every sampling point (Table 1). In order 
to precisely estimate the quantity of am-
monifying bacteria it was resolved to 
decrease the volume of inoculated water 
by one order of magnitude. In April 2008 
the following inoculation system was ap-
plied: 3 × 0.1 ml + 3 × 0.01 ml + 3 × 
× 0.001 ml. A high quantity of ammoni-
fying bacteria was found (Table 1), that 
is, from 90 MPN/ml at the point no. 6 to 
950 MPN/ml at the point no. 7. At the 
Upper Biebrza reach the number of am-
monifying bacteria is similar (points no. 
1–5, 230 CFU/ml), at the Lower Biebrza 
reach it is subject to strong quantitative 
variations.  In the analysed Biebrza Riv-
er tributaries (Table 4) there were also 
found large numbers of occuring am-
monifying bacteria (over 2400 MPN/ml 
at points: 12, 14, 15, 16). The achieved 
results point at intensive ammonifying 
processes and, in the same way, they 
suggest the occurrence of high ammo-
nium concentrations. On the other hand, 
the physiochemical analyses of water 
indicated low concentrations of ammo-
nium in the Biebrza River (0.00009–
–0.00028 mg/ml). It is the evidence 

for the absorption of ammonium ions, 
which are formed from organic pollu-
tion, by aquatic plants, intensively grow-
ing in the warm period in the Biebrza 
River (Mioduszewski et al. 2004, Frąk 
et al. 2008). Furthermore, in the condi-
tions of high organic carbon compounds 
pollution, the nitrogen, formed during 
their mineralization process, is entirely 
absorbed by microorganisms, without 
the release of free ammonium into the 
surrounding environment (Reinheimer 
1987). While the organic substrates are 
mainly humus compounds, the nitrogen 
is cumulated in bacteria cells (Carlsson 
et al. 1999). The research carried out by 
Frąk (2010) determined high quantities 
of psychrophilic bacteria, which prove a 
high availability of  nutrients.

In July and September 2007 the nitri-
fying bacteria of I and II phase were not 
numerous – maximum 0.09 MPN/ml of 
water (Table 2). In July there was a larger 
number of that bacteria than in Septem-
ber (below 0.03 MPN/ml). A low quantity 
of nitrifying bacteria (in relation to other 
physiological groups) is typical for river 
waters (Reinheimer 1987). Then, the 
necessity was found to increase the vol-
ume of inoculated water. In April 2008, 
the inoculated volumes for each sample 
were: 1 × 50 ml + 2 × 10 ml. The nitrifi -
cation process was found in each sample 
of the volume equal to 50 ml (the quan-
tities were not determined). The highest 
quantities of bacteria were found in sam-
ples taken from the points at the Upper 
and the Middle Biebrza reaches (1–6). 
At points 7 and 10 the nitrifying bacteria 
were observed only in the cultures of a 
higher volume of inoculated water. Gen-
erally, in the Biebrza River the quantities 
of the nitrifying bacteria were discovered 
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to be similar (Gotkowska-Płachta 2007) 
or lower than in other river ecosystems 
(Gołaś et al. 2008a; Gołaś et al. 2008b).

The analyses of water quality per-
formed for July and September, didn’t 
show any presence of nitrites in the Bie-
brza River water (below detection limit) 
(Table 3). It can be the evidence of a very 
intensive nitrifi cation process in highly  
oxygeneted Biebrza water or it might be 
a proof of seasonal nitrites consumption 
by other microorganism groups (Carls-
son 1999; Frąk et al. 2008; Reinheimer 
1987; Gołas et al. 2008a, 2008b). The 
concentrations of nitrates were also low, 
from 0.03 to 0.33 mg/l (Table 3). No 
trend of their dynamics along the river 
course was found. Quantitative changes 
in nitrates concentration are consistent 
with the changes in nitrifi cation bacteria 
quantities at individual sampling points.

Low concentrations of available am-
monium in water decrease the intensity 
of nitrifi cation processes (Carlsson et 
al. 1999), and the same way, the quan-
tity of nitrifying bacteria decreases. Fur-

thermore, the research by Olson (1981) 
indicates, that the activity of the nitrify-
ing bacteria is restricted by the sunlight, 
which, at the same time, stimulates the 
assimilation of nitrates by phytoplank-
ton.  In transparent and well insolated 
waters, the I phase nitrifying bacteria 
are able to compete for ammonium with 
plancton algae (Reinheimer 1987). The 
increase of ammonium concentration in 
the autumn period in the Biebrza River 
(Skoczko 2004; Kardel et al. 2007) may 
confi rm this thesis: a slow decline in 
aquatic plants vegetation causes the ac-
cumulation of ammonium, which can 
undergo nitrifi cation. However, the low 
temperature in this period doesn’t allow 
for the increase of activity and the quan-
tity of nitrifying bacteria.

According to studies by Piechowiak 
and Kraska (2008) the humus com-
pounds stimulate the growth of nitrify-
ing and ammonifying bacteria, however, 
they slow down the growth of proteolitic 
bacteria. In the research performed in 
this paper, no stimulating action of hu-

TABLE 2. Quantitative characteristic of nitrifying bacteria of I and II phase [MPN/ml] 

No 
point

15.07.2007 09.09.2007 22.04.2008
ph. I 

MPN/
/ml

ph. II 
MPN/

/ml

ph. I
MPN/

/ml

ph. II 
MPN/

/ml

ph. I ph. II 

50 ml 10 ml 10 ml 50 ml 10 ml 10 ml

1 0.04 0.04 0.03 0.03 + + • + + •
3 nd nd nd nd + + + + + +
5 nd nd nd nd + + + + + +
6 nd nd nd nd + + + + + +
7 0.04 0.04 < 0.03 < 0.03 + • • + • •
8 0.09 0.09 < 0.03 < 0.03 nd nd nd nd nd nd
9 < 0.03 < 0.03 < 0.03 < 0.03 nd nd nd nd nd nd
10 0.04 0.04 < 0.03 < 0.03 + • • + • •
11 < 0.03 < 0.03 < 0.03 < 0.03 nd nd nd nd nd nd

+ – nitrifi cation faund; • – nitrifi cation no found; nd – no data
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mus compounds, affecting the quantities 
of nitrifying bacteria, was found (indi-
cating the infl uence of other factors).

CONCLUSION

Summing up the general results of the 
performed research there were noticed 
high quantities of proteolitic and ammo-
nifying bacteria, while the nitrifying bac-
teria were few. It indicates high organic 
matter pollution and vital ammonifying 
processes, causing the creation of free 
ammonium. However, the low numbers 
of the nitrifying bacteria point at low 
availability of ammonium substrate and 
as a consequence at low concentrations 
of nitrates. The results of Biebrza wa-
ter quality analyses confi rm high TOC 
concentrations and low concentrations 
of mineral nitrogen forms (ammonium, 
nitrites and nitrates). Comparing that re-
sults with the data presented in relevant, 
scientifi c papers, it can be concluded 
that, the intensity of organic pollution 
mineralization in the Biebrza River de-
velops according to the seasonality of 
microorganism occurrence (maximum in 
the warm period). Moreover, the mineral 
nitrogen, formed as a result of organic 
matter degradation, is released to the 
environment at a low degree. When the 
right carbon compounds are available, 
the nitrogen is cumulated in the cells of 
the bacteria and aquatic plants. Low con-
centrations of ammonium slow down the 
growth and limit the presence of nitrify-
ing bacteria.

A low number of the nitrifying bacte-
ria is typical for clean water courses (the 
Biebrza River), characterized by a low 
infl ow of anthropogenic contaminants. 

For the water courses of a low antro-
popressure degree, but fl owing through 
wetlands (draining them and collect-
ing elements of washed out peat) it is 
characteristic to observe a high number 
of ammonifying bacteria without the si-
multaneous record of high ammonium 
concentrations.

Within a complete monitoring of a 
water course state, it is vital to involve 
also the research on different physiologi-
cal bacteria groups. The data achieved by 
that research, in comparison with even 
phytoplankton dynamics, will make pos-
sible to estimate the state of the ecosys-
tems claimed to be clean, where the level 
of anthropogenic contaminants is low. 

Considering the research performed 
on other water courses and the specifi c 
character of the Biebrza River, a low 
quantity of denitrifying bacteria was as-
sumed and therefore the research on their 
quantity was resigned from. However, 
the reports on a vital impact of humus 
compounds on the quantity of that bacte-
ria type (Piechowiak and Kraska 2008), 
suggest to verify this assumption.
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Streszczenie: Występowanie bakterii cyklu 
azotowego w wodach rzeki Biebrzy. W niniejszej 
pracy zbadano występowanie wybranych grup 
bakterii cyklu azotowego w rzece Biebrzy. W pró-
bach wody oznaczono liczebność bakterii prote-
olitycznych, amonifi kacyjnych i nitryfi kacyjnych. 
Określono poziom wybranych wskaźników jako-
ści chemicznej. Stwierdzono wysoką liczebność 
bakterii proteolitycznych i amonifi kacyjnych oraz 
bardzo niską bakterii nitryfi kacyjnych. Badania 
chemiczne potwierdziły wysokie stężenia OWO 
i niskie stężenia azotynów i azotanów. Stwier-
dzono, że mineralne formy azotu intensywnie po-
wstające w wyniku degradacji materii organicznej 
nie są uwalniane do środowiska (niskie stężenia 
amoniaku), a kumulowane w komórkach mikro-
organizmów. Niskie stężenia amoniaku działają 
hamująco na liczebność bakterii nitryfi kacyjnych. 
Stwierdzono ponadto sezonowość występowania 
wszystkich badanych grup bakterii. Dostosowano 
procedurę analityczną do wykorzystania w bada-
niach bakteriologicznych rzek o niskiej antropo-
presji.

Słowa kluczowe: bakterie amonifi kacyjne, bakte-
rie nitryfi kacyjne, bakterie proteolityczne, rzeka 
Biebrza, jakość wody.
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