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Abstract

Nitrifying activity in the surface water of the Wloctawek Dam Reservoir (WDR) was determined by

use of a nitrification selective inhibitor (ATU). The highest values of nitrification were observed in the

stations nearer the dam, with lower flow velocity, where the activity amounted to up to 120 pg N/dm?/day.

Nitrification process [%] involvement in biochemical oxygen demand increased with passing from lotic to

lenitic conditions and reached maximum values up to 70% or even 100% BOD,. Chemoautotrophic nitri-

fiers participation increase in oxygen consumption in the reservoir was probably caused by sedimentation

of allochtonous, easily decomposable organic matter and a significant reduction in carbonaceous oxygen

demand (C-BOD). Ammonium ion release from sediments was the decisive factor of shallow flooding

nitrification.

Keywords: nitrification, potential nitrification activity, allythiourea, biochemical oxygen demand, river

water, dam reservoir

Introduction

Nitrification is a process of ammonium ions (NH,")
biochemical oxidation to nitrates (NO,"), mediated by
chemoautotrophic bacteria of the genus Nitrosomonas
NH,” — NO, (the first stage) and Nitrobacter NO,” —
NO, (the second step).

This process is very significant for water quality of
fluvial ecosytems (mainly polluted ones) and the organ-
isms occupying them, because it is an integral part of the
biological mechanism of river self-purification and takes
part in the nitrogen cycle. Due to the influence of this pro-
cess on ammonia concentration reduction and dissolved
oxygen absorption, nitrification is often included in water
quality modelling.

Nitrifying activity is determined by physico-chemical
factors such as temperature and oxygen concentration,
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and is proportional to the substrate concentration (NH,")
and to microorganisms biomass [1]. Biochemical oxygen
depletion for nitrification (N-BOD) and the inhibitors
influence upon the nitrifying activity have been earlier
studied as possible parameters for assessment of the sew-
age treatment system functioning [2, 3].

Environmental studies concern, among others, the influ-
ence of sewage discharge on nitrification dynamics in the
recepting river [4], the assessment of nitrifying activity in the
water column and sedimenting lake trypton [5, 6, 7], fluvial
sytems [8, 9, 10, 11] and riverine-lacustrine ones [12]. The
majority of environmental studies concern polluted ecosys-
tems, mainly with ammonia. So far nitrification has often
been treated as the first order kinetic reaction. Nitrification
amount was calculated on the basis of ammonium nitrogen
concentration in water depths [7, 11]. Other authors deter-
mined nitrifying bacteria activity in laboratory experiments,
using specific inhibitors [5, 9, 10]. Nitrifying bacteria de-
velop when suspended in water depths, on the surface of or-
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ganic seston and in bottom sediments. It has been shown that
suspended particle matter stimulates nitrification processes.
Kholdebarin & Oertli [13] suggested that such an effect of
suspended particles on the nitrification rate in the surface
water might be due to physical support for the proliferation
of the nitrifying bacteria rather than to the adsorption of am-
monium of the suspended particles.

Yoshioka et al. [5] found, however, that inactive nitri-
fiers can be connected with sedimenting seston, due to
photoinhibition or their location within particle, implying
unfavourable physico-chemical properties for their activ-
ity. Considering that the number of nitrifying bacteria in
deposit surface layer is some orders of magnitude higher
than in water depths, many researchers say that nitrifica-
tion is usually located in deposits, and its importance in
water depths is marginal [8, 12, 14].

In shallow rivers and streams, where relatively large
water volume is in touch with bottom sediments, nitrifi-
cation can be much higher than in big and deep rivers, in
which the effect of deposits on water can be less significant
[15]. That is why it is thought that nitrification of water
depths (pelagic) can occur under properly long retention
time only, e.g. in slowly flowing rivers. It is caused by a
slow development of plankton nitrifiers and their high dis-
persion in water depths. A small population of nitrifiers can
often be a limiting factor of effective process of ammonia
purifcation in the river. It is proved that sewage bacteria
biomass inflow can be a significant source of active nitri-
fiers and continuous improvement of sewage purification
can paradoxically lead to a decrease in river self-purifica-
tion ability by means of nitrification [4, 16].

The results presented below concern reconnaissance stud-
ies of nitrifying potential activity and measurement of this
process oxygen demand (N-BOD) in the surface water of
the Vistula section of the Wioctawek Dam Reservoir (WDR).
The studies of this river section conducted from the 80s [17,
18] showed a significant influence of river water lifting and
flow rate lowering on nitrogen compound dynamics. In the
water outflowing the reservoir a significant increase in nitro-
gen mineral forms concentration (DIN) was observed — es-
pecially ammonium form, relative to the inflowing concen-
trations. The ratio of mineral nitrogen to total nitrogen (TN)
also increased — from 1:3 at the reservoir inflow to 1:2 at the
outflow. The authors [17, 18] suggested that the differences
observed pointed to intensive mineralization processes occur-
ring in the water and bottom sediments of the WDR. Ammo-
nium nitrogen (nitrification process substrate) concentration
increase, retention time extension and increased influence of
sediments accumulated in the dam reservoir on water volume
flowing above them, seem to form favourable conditions for
planktonic nitrifiers development and active nitrification in
the WDR water. On the other hand, a decrease in the flow rate
leads to a significant reduction of suspension concentration in
this river section. The limitation of turbulent flow maintaining
suspension particles and attached bacteria in water depths can
be a factor limiting pelagic nitrification [4].

The above circumstances have inspired studies whose
results are presented in this paper.

Table 1. Morphometric and hydrological parameters of the
Wioctawek Dam Reservoir (WDR).

total area about 70 km?
reservoir initial volume (1970) 408x10° m?
length (measured along the former 55-58 km
river course) (backwater range)
. 500-2500 m
width (mean value 1210 m)
mean depth 55m
maximum depth
(by the dam) I5m
water level fluctuations 0.8 m
retention time 4.5-5 days

(by mean flow of about 900 m*xs™)

The aim of the study was a recognition of the river Vis-
tula lifting influence on nitrogen compounds conversion
occurring in water depths, and particularly on nitrification
processes and their significance for ecosystem oxygen
regime. In the studies the zones of various hydrological
conditions (current and flooding) were taken into account
to observe differences in nitrification process dynamics.
The studies also enabled a determination of a river regula-
tion influence on its self-purification ability.

The Study Area

General Characterisitics

With regard to its basin size and average annual flow
(mean Q at the outflow — 1050 m?%/s) the Vistula river is the
second river in the Baltic Sea catchment area. The basin
area within Poland boundaries amounts to 168 thousand
km?, that is 55% of the country area. The lower section of
the Vistula is usually assummed to be a section of about
390 km river from the Narew river mouth to the Vistula
river mouth to the Baltic Sea. The Wloctawek Dam Res-
ervoir (WDR), in use since 1970, has a significant influ-
ence on hydrology, chemistry and biotic elements of the
lower Vistula. The WDR is the largest reservoir in Poland.
Some important morphometric and hydrological proper-
ties of the WDR, described earlier [19, 20, 21, 22], are
presented in Tab. 1.

The WDR is characterized by a significant length and
a relatively small width, which determines its fluvial,
channel character. Shallow floodings make only 14%
of its area and are localized at the left, low bank, on
the former flooding terraces. The former river channel
goes mainly along the right bank, elevated up to 30-40
m morainal plateau [20]. According to the hydrological
features, Grze$ [23] divides the reservoir into the fol-
lowing parts: a) upper — rheolimnic — with a flow rate of
about 1m/s in the current and of true fluvial character, b)
lower — more limnic — with flow velocity of 0.1 — 0.4 m/s,
including the section between the dam and 640 — 645 km
(Fig. 1). The Vistula river carries in over 98% of water
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inflowing the reservoir, so the inflow is equivalent to the
flow [20]. Glazik [24] emphasizes that the WDR is char-
acterized by small capability of flood water retention and
river flow regulation. Water exchange takes place every 5
days on average. However, at flood it flows above 4800
m?/s, the water exchange period drops below one day. It
testifies to the reservoir flowing character, and limited
ability to soften overbank flows below the drop. Gizinski
[25] qualified the WDR among “super-rheolimnic” reser-
voirs due to exceptionally short retention time (complete
water exchange happens about 70 times a year). From
hydrological and morphological points of view the WDR
remains rather a dammed river with a slow flow rate
than a typical dam reservoir. That is why Gizinski [25]
proposed that this reservoir should not be called a dam
reservoir, but a run-of-river reservoir. In spite of its flow
character, the reservoir keeps every year about 2 mln m?
of sediments. The slow flow rate is responsible for reten-
tion of all dragging debris [26] and 32-65% of suspended
matter load [17].

Research Stations Description

Three research stations of sampling were determined
in the river section examined. Their localization was as
follows:

Station 1 “Plock”. — The research station situated at
the level of the road bridge in Ptock (632 km of the river
course), about 12-14 km down from the upper border of
backwater. It is the top part of the reservoir. The reser-
voir is here of decidely fluvial character (Fig. 1), which
is testified by: a high flow rate close to that of a freely
flowing river (0.7-1 m/s) and the small width of the river
bed. This research station can be treated as the reservoir
“entrance”. The samples were collected from the river
current part.

Station 2 “Dobiegniewo”. — The research station
situated in the lower part of the reservoir, at 660 km of
the river course. The reservoir is here of more lenitic
character than in the upper part. Its width increases to
about 1800 m. The former river bed and main current
of about 7 m in depth run along the right bank, cutting
morainal plateau at the base. The flow rate in the cur-

rent zone oscillates in the range of 0.1-0.4 m/s. Beyond
the current zone, there is a dominant flooding zone, ex-
tending over the flat area of a former flooding terrace.
The depth of this zone oscillates between 1 m and 4 m.
Lenitic conditions dominate in flood waters. However,
the dynamics of water mass changes significantly with
time and is determined by the strength and direction
of wind mainly. During the period of wind blowing
along the reservoir axis, i.e. from the west direction,
the height of waves can reach 1 m and is often a cause
of resuspension and redeposition of bottom sediments
[20]. The formation of typical reservoir sediments dis-
tinguishes this part of the reservoir from a freely flow-
ing river [18]. The samples were taken in a shallow
flooding zone (depth of about 2.5 m) in 100 m distance
from the left bank of the river.

Station 3 “Wioctawek”. — The station is situated be-
fore the dam, at the 674 km of the river course. The depth
in the former current reaches here about 13 m. This part
of the reservoir is of the most limnic nature. In a small
distance from the dam a significant influence of hydro-
electric power plant cycling work on water mass dynam-
ics can occur [20]. Gizinski [25] suggests that during the
hydroelectric power plant work the WDR is of more lotic
character. However, during the reservoir filling — lenitic
conditions dominate. Station 3 can be treated as the reser-
voir “outlet”. Samples were collected in the current part
of the river.

Methods

The research was conducted at one month intervals
(excluding June) from April to November 2002. The
surface water samples were collected by use of a Patalas
sampler of 5 dm? capacity, then transported to the labora-
tory for direct analysis. Prior to the chemical analyses the
samples were stored at 5°C.

BOD, and N-BOD, Determination
BOD, and N-BOD, determination was performed

by a manometric method, using electronic pressure mea-
surement (OxiTop SystemWTW Company). The water

rheolimnetic part (flow velocity 0.7-1 m/s)
A

A
limnetic part (flow velocity 0.1-0.4 m/s)
— AT
~aps -1‘.- = : - ;
=== dam
Whoctawek

Fig. 1. The Wloctawek Dam Reservoir section of the Vistula River. A. — location of regular stations, B. — location of the flooding zone
and Station 2 in the Dobiegniewo — Dobrzyn cross-section (by Zytkowicz et al. [20] — modified).
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samples of 432 ml volume were incubated for 5 days at a
constant temperature of 20°C (+1°C). Incubation proceeded
in brown glass bottles equipped with a magnetic stirrer.
BOD measurement reflects the processes of organic matter
decomposition in water. It involves two stages: carbona-
ceous, during which oxygen consumption for microbiologi-
cal decomposition of carbon compounds occur (C—BOD)
and nitric, during which mineral nitrogen compounds are
oxidated (N-BOD) [1, 3]. In order to assess the amount of
oxygen consumed during nitrification, an allylthiourea in-
hibitor (ATU) was used. ATU is a commonly used selective
inhibitor of nitrification first stage [2, 3, 5, 9, 27, 28]. The
inhibitor was added in the amount giving the final concen-
tration of about 5 mg/l ATU in the sample. This concentra-
tion efficiently inhibits bacteria of the genus Nitrosomonas
activity [29] and secures a complete blockage of the first
stage of nitrification during the incubation period. Oxygen
consumption determination was made in three replicates,
in the samples with and without inhibitor, respectively.
The difference in measurements between these samples
allowed N-BOD, calculation.

Seston Quantitative and Qualitative Analyses

The water samples were filtered through glass fibre
filters Whatmann GF/C, stopping particles above 0.45
um. Filtration was performed in three replicates, 1 dm?
each, due to suspension determination before BOD, mea-
surement, and most frequently in 6 replicates, 0.4 dm’
each, after incubation ending. The filters were dried in
105°C, weighed and burnt at 550°C in order to determine
organic matter content.

Chemical Analyses

The contents of ammonium, nitrite and nitrate ions
were determined in the water samples before and after
BOD, measurements, according to standard methods
[30]:

- nitrate nitrogen was determined by colorimetric meth-
od with phenoldisulphonic acid;

- nitrite nitrogen was determined by the reaction with
sulphanilic acid and a — naphtylamine;

- ammonium nitrogen was determined by a direct ness-
lerization method.

Potential Nitrifying Activity Measurements

Nitrifying activity measurements were made on the
basis of chemical analyses conducted immediately after
BOD, measurements. The water was filtered through
GF/C filters and the concentrations of nitrate, nitrite and
ammonium ions were determined. Nitrifying activity was
calculated by the difference between the sum of nitrite
and nitrate ions in the samples incubated without and
with ATU inhibitor, respectively:

NA (ng N/dm¥/day) = ([NO,” + NO, ] — [NO, + NO, 1)/t;

where:

NA — nitrifying activity;

[...]; [...], — the sum of nitrite and nitrate ions expressed in
ug N/dm?, in the sample without and with ATU inhibitor,
respectively;

t — experiment duration.

Such a mode of calculations is determined by ATU
selectivity in relation to the first stage of nitrification. The
inhibitor enables NH," ion oxidation to nitrites but does not
exclude the growth of bacteria oxidating nitrite ions [5].

The calculations based exclusively on concentration
differences of nitrates (the nitrification final product) did
not give reproducible results (data not shown).
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Fig. 2. Seasonal dynamics of total BODS and oxygen consump-
tion during nitrification. (N-BODS5) measured in the WDR
water from April to November 2002.
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Table 2. Mean values of potential nitrifying activity NA (ug N/dm?/day), biochemical oxygen demand: total BOD,, carbonaceous
C-BOD; and nitric N-BOD, (mg O,/dm?). Contribution [%)] of nitric oxygen demand in BOD total and concentrations of nitrates,
nitrites, ammonium ions (mg N/dm?), seston and particulate organic matter (mg s.m./dm?) in the WDR water, measured from April to

November 2002.
St.1 St.2 St.3
mean value range mean value range mean value range
NA 42.0 1.3-76.6 45.1 6.8-121.3 53.5 26.3-107.7
BOD; 7.4 2.3-12.4 4.7 0.6-9.9 5.0 1.6-8.8
C-BOD; 6.0 1.0-12.4 3.8 0.0-9.3 34 0.0-7.8
N-BOD, 1.4 0.0-2.5 0.9 0.0-2.7 1.6 0.7-3.4
N-BOD/BOD 27% 0-59 27.7% 0-100 51.7% 9-100
N-NO, 0.74 0.1-2.2 0.44 0.1-1.2 0.37 0.1-0.8
N-NO, 0.02 0.01-0.04 0.04 0.02-0.09 0.03 0.01-0.04
N-NH, 0.26 0.1-0.4 0.55 0.2-1.1 0.69 0.3-1.3
seston 29.7 12-67 11.2 4-29 10.5 4-19
POM 12.8 8.2-18.1 5.1 1.3-9.0 6.0 1.5-7.7
Results dm?®/day, to above 120 pg N/dm*/day. The mean activity

BOD, and N-BOD,

Mean BOD, values observed during the studies were
the highest at the reservoir “entry”, that is, at Station 1 and
clearly decreased toward the dam — Station 3 (Tab. 2).

BOD, reduction in relation to the values observed in
the inflow amounted on average to 37% at the shallow
flooding of Station 2 and 32% at the reservoir “exit.”
The highest BOD, value was noted in July at St. 1 —12.4
mg O,/dm’, and the lowest one, 0.6 mg O,/dm’ in No-
vember at St. 2. Large differences in the nitrification
process intensity were found during the whole period
of study. N-BOD, measurements oscillated from val-
ues near zero at St. 1 and 2 to maximum value 3.4 mg
O,/dm’ measured in September at St. 3 (Fig. 2). Mean
N-BOD, values were the highest at the station near the
dam (St. 3), while the lowest were in the Dobiegniewo
shallow flooding (St. 2), where from August to October
a lack of oxygen absorption in nitrification process was
observed.

As approaching the dam, the nitrification process par-
ticipation [%] in BOD; total increased almost twice with
simultaneous significant, about 57%, reduction in C-BOD,
(Tab. 2). N-BOD, values measured at St. 1 and 3 pointed to
a high, statistically significant negative correlation with C—
BOD, (Fig. 6). A significant relationship between N-BOD,
and ammonia nitrogen concentration was indicated at St.2
(correlation coefficient 0.94; p < 0.05).

Potential Nitrifying Activity
Nitrifying activity differentiation was high during the

studies. Nitrifying activity values changed from those
near detection limit, with the methods used — 1.3 pg N/

was the highest at St. 3 and the lowest in water inflowing
the reservoir — St. 1 (Tab. 2). However, the differences
were not statisitcally significant (Fig. 3). Potential nitrify-
ing activity showed a different seasonal course at all the
three stations (Fig. 4). At the Ptock Station, the maximum
activity (77 pg N/dm’/day) was observed in May. It was
the highest value noted during this month in the reservoir.
In July the activity at St. 1 dropped to the lowest value
measured in the reservoir and, in relation to the method
error, it can be recognized as being near zero. From Au-
gust the activity increased gradually, reaching the second
peak in October (66 ug N/dm?/day). In the Dobiegniewo
flooding (St. 2) the activity increased from April to July,
when its highest value in the reservoir was measured
— 121 pg N/dm¥/day. A decrease to 30 pug N/dm’/day
was noted in August. Then the activity stabilization oc-
curred at the level 30 — 50 ug N/dm?*/day until the end of
November. During the nitrification course at Station 3 in
Wioctawek, two activity peaks were observed: in July (71
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Fig. 3. Nitrifying activity (NA) variability in the WDR water.
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Fig. 4. Seasonal dynamics of potential nitrifying activity, mea-
sured in the WDR water during April-November 2002 period.
The activity was measured by use of two methods — on the basis
of oxygen consumption (N-BOD) and nitrification products
(NO, +NO;,) in the presence of selective inhibitor ATU.

ug N/dm?/day) and in September (108 pg N/dm’/day).
It is worth emphasizing that the activity peaks usually
overlapped at more limnic stations and were opposed to
the trends observed at St. 1. Such a trend discrepancy was
particularly seen during the July maximum.

A positive correlation was shown between potential ni-
trifying activity (assessed on the basis of nitrification prod-
ucts concentration) and oxygen consumption in this pro-
cess (N-BOD). The correlation coefficient showed rather

strong relations between the above parameters, mainly at
the stations of more limnic character — St. 2 (c.c. 0.7) and
St. 3 (c.c. 0.8; p < 0.05). Assuming that in total nitrifica-
tion process 4.34 mg of oxygen are used for each 1 mg of
nitrogen oxidated to nitrates [31], it was possible to assess
nitrifying activity on the basis of oxygen consumption in
nitrification processes. The mean values of nitrification
calculated in this way were close to those obtained by
measurements of the process products, especially at St. 2
(about 40 ug N/dm3/day). At St. 1 and 3 nitrifying activity
calculated on the basis of oxygen consumption was a little
higher (about 20 pg N/dm?/day) and amounted to 65 and
76 ug N/dm?®/day, respectively (Fig. 4). A high correlation
between nitrifying activity calculated by using the meth-
ods — on the basis of oxygen consumption (N-BOD) and
nitrification products concentration in the water samples
inhibited by ATU — points to the correctness of the ob-
tained results. The studies showed rather a strong relation-
ship between suspension quantity and nitrification at St. 1
only (c.c — 0.7). Moreover, in the Dobiegniewo flooding,
a strong negative correlation was observed between dis-
solved oxygen concentration and nitrifying activity (c.c.
—0.7; p=0.07) and a positive, statistically significant cor-
relation between ammonium nitrogen concentration and
nitrification (c.c. 0.8; p < 0.05). No significant correlation
between the parameters studied and nitrifying activity was
observed at the remaining stations.

Discussion

The maximum potential nitrifying activity measured
in the Vistula river water (120 pg N/dm?/day) was clearly
lower than that observed in the river Seine [4] and above
two orders of magnitude higher than the activity noted
for the surface water of Lake Kizaki [5]. The nitrifica-
tion magnitude observed in the WDR reached the values
which are the most similar to the values observed in the
Danube river — about 100 pg N/dm?/day [10] and in the
eutrophic Lake Okaro [6], where nitrifying activity of 98
ug N/dm?/day was noted in the surface water (Tab.3).

BOD5 [mgO, x dm™3]

0 e, regression
95% confidence

C-BODs [mgO, x dm-3]

Fig. 5. Relationship between carbonaceous (C—BOD) and gen-
eral biochemical oxygen demand (BOD) in the WDR water
(c.c. 0.96; n=21; p<0.01).
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Table 3. A list of nitrifying activity maximum values presented by different authors.

Research area Water intake NEE;f§7(1gm§f£;;i]ty Authors
Lake Kizaki surface 0.65 Yoshioka et al. (1985)
surface 67-98
Lake Okaro Downes (1991)
above the bottom 134
Rhone river surface 28 Feliatra and Bianchi (1993)
Danube river surface 100 Miiller and Kirchesch (1983)
Vistula river (WDR) surface 120 in the present work
Seine river surface 340-514 Brion and Billen (2000)
Mosel river surface 400 Miiller and Kirchesch (1983)
Schelde estuary surface 1120 de Bie et al. (2002)

The results of the studies conducted from April to No-
vember 2002 showed a significant influence of the WDR
on nitrification process dynamics and its importance to
the river oxygen regime. Significant reduction of BOD,
observed in the reservoir was caused mainly by C-BOD,
reduction (c.c > 0.9 at all stations; p < 0.01) (Fig. 5). C—
BOD,; reduction was probably connected with suspension
intensive sedimentation in the reservoir. Mieszczankin
and Slebioda [32] observed earlier that in the WDR there
occurred a significant reduction of C-BOD_ (about 50%),
which was connected, in their opinion, with about 60%
sedimentation of the largest allochtonous fraction of sus-
pension, >25 pm in diameter.

A similar reduction of C-BOD, was observed in the
present study. It was accompanied by nitrification con-
tribution increase to total BOD,, and an increase in po-
tential nitrifying activity from the reservoir “entrance”
toward the dam. It was probably conditioned by two
factors: suspension significant sedimentation and am-
monium ions (NH,") larger availability for the nitrifiers
at the stations of more lenitic character. A higher contri-
bution of nitrification to oxygen absorption in the water

e regression
) 95% confidence

C-BOD; [mgO, x dm™3]

-0.5 0.0 05 1.0 15 20 25 3.0 35 40

N-BODjg [mgO, x dm-3]

Fig. 6. Carbonaceous and nitric oxygen demand relationship in
the WDR water at the river current stations (c.c. —0.62; n = 14;
p=0.017).

at St. 3, where the concentration of the largest fraction of
suspended particles was significantly reduced, suggested
that the nitrifying activity was connected with its smaller
fraction. Yoshioka et al. [5] reported that nonactive nitri-
fiers could be associated with the quickly sinking, larg-
est trypton particles. Oxygen absorption increase for ni-
trification process was quantitatively insignificant in the
water outflowing the reservoir (the differences were not
significant statistically). However, during the season, the
periods could occur, when this process made 70-100%
of BOD; total. Such a situation was observed at St. 3
from September to November. The highest N-BOD,
values and the highest nitrifying activity were noted
during this period. The magnitude of oxygen absorption
in the nitrification process and N-BOD, share in total
BOD, are comparable with medium and poorly polluted
rivers. Muller and Kirchesch [10] observed in the pol-
luted Mosel river N-BOD, values amounting to above
11 mg O,/dm* and several times exceeding C-BOD.. In
the Danube River the same authors noted N-BOD, value
at 2-3.3 mg O /dm’ level and nitrification contribution at
the level 20-40% to total BOD.,.

32

28 e regression
. 95% confidence

24

20

Temperature °C

-0.5 0.0 05 1.0 15 20 25 3.0 35 40

N-BOD5 [mgO, x dm=3]

Fig. 7. The relationship between nitric oxygen demand and wa-
ter temperature in the WDR water at the river current stations
(c.c. —0.58; n=14; p=0.032).
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Table 4. Net changes in concentration of ammonium, nitrite and
nitrate ions, and mineral nitrogen sum (expressed in ug N/dm?)
in the WDR water after five-day incubation.

parameters St. 1 St. 2 St. 3
N-NH, +52 -230 -291
N-NO, +94 +67 +36
N-NO, —122 +111 +231

DIN +14 -52 —24

*except for the data from November, it equals +34pgN/dm

Nitrification process rate is determined by many
factors, such as temperature, oxygen concentration,
bacteria biomass or NH," substratum concentration.
That is why it is difficult to assess which of the above-
-mentioned parameters decided about the described
seasonal course of this process in the WDR. It seems
that nitrification in the reservoir depths was not limited
by dissolved oxygen concentration. The lowest oxygen
concentration in the surface water (about 2 mg/dm?) was
observed at Station 3. in May. However, the most fre-
quent oxygen concentration was higher than 4.8 mg/dm?®
(excluding three cases). Such oxygen availability rather
should not limit nitrification, as the process could go on
even at very low oxygen concentrations. Hao and Mar-
tinez [33] stated nitrification at oxygen concentration
of 0.2-0.6 mg/dm?, and Downes [6] even below 0.12
mg/dm?. Under such conditions the main nitrification
products are nitrites and simultaneous nitrate reduction
to gaseous nitrogen as a result of denitrifying bacteria
respiration, is also probable. In the surface water where
the samples were collected, such situations were not
observed. However, reduction conditions existed in the
water above sediments. Oxygen concentration limiting
influence on nitrifiers activity was probable only in the
case of heterotrophic bacteria high activity.

It was noticed that nitrifying activity peaks at the riv-
er current stations were connected with temperature and

0.9

07

N-NH, [mgN x dm-3]

05

0.3 F]
(] e, regression
95% confidence

0.1

-20 0 20 40 60 80 100 120 140

NA [ugN x dm-3 x day™"]

Fig. 8. Nitrifying activity and ammonium nitrogen concentra-
tion relationship observed in the Dobiegniewo flooding water
(c.c=0.79;n="17; p=0.037).

C-BOD.. Such a relationship is confirmed by high and
statistically significant negative correlations between
C-BOD, and water temperature, and N-BOD, at these
stations (Figs. 6, 7). However, a close relationship be-
tween water temperature and potential nitrifying activity
was not found; it is noticeable that activity collapse at St.
1 in July and at St. 2 and 3 in August was observed in the
period when the temperature at these stations reached
maximum values during the season and in every case
was near or exceeded 29°C. These results are contradic-
tory to other authors’ studies. Dojlido [34] stated nitrify-
ing activity increase also at the temperature above 30°C.
Grunditz and Dalhammar [28] determined optimum
temperature for bacteria of Nitrosomonas genus as 35°C
and 38°C for the genus Nitrobacter. The cause for such
different results can be the fact that during the determi-
nation of nitrifiers optimum temperature, pure bacte-
rial cultures were used, avoiding interaction between
microorganisms. Such interactions do exist in water
with natural bacterial microflora. Together with water
temperature increase, heterotrophic bacteria activity in-
crease was also probable, which could repress plankton
nitrifiers activity. Such an effect is possible when hetero-
trophic biomass increases, forming on the organic matter
particles surface a layer absorbing dissolved oxygen and
limiting its availability to nitrifiers. Such interactions
were observed during the studies concerning microor-
ganisms composing biofilm [35]. A similar explanation
was suggested by Yoshioka et al. [S] for their results of
trypton-connected nitrifying activity studies. It is also
known that an inflow of potentially easy available car-
bon compounds can cause microorganism activity shift
toward heterotrophy [33, 37]. Therefore during summer
period, at high C-BOD, values, competition for oxygen
and autotrophs activity limitation could occur.

Microbiological studies conducted parallel to nitrify-
ing activity measurements (Wilk 2002, unpublished re-
sults) showed a high reduction of heterotroph abundance
in the reservoir depths, compared with earlier investiga-
tions [36]. A negative correlation found between the total
number of heterotrophic bacteria and suspended matter
concentration, and potential nitrifying activity at the
station of fluvial character in Ptock (c.c. — 0.7) can con-
firm the superiority of heterotrophs “involved” in seston
organic matter mineralization over planktonic nitrifiers
activity. Similar conclusions can be drawn when observ-
ing net changes of nitrogen mineral forms concentration
in water after a 5-day-incubation period (Tab. 4). The
dissimilarity of processes taking place in water at more
lenitic stations (St. 2 and St. 3) and at the station of firmly
lotic character, can be clearly seen. The processes of ni-
trite release and ammonium ions release dominated at St.
1, which testifies to organic seston mineralization. At the
lenitic stations (St. 2 and St. 3), reduction of ammonium
ions concentration and nitrates concentration increase
were observed most frequently. This may confirm the in-
crease in autotrophic nitrification contribution to nitrogen
conversions in the WDR water.
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The relationships between nitrifying activity and
environmental factors at the shallow flooding in Dobieg-
niewo were of less complex character. Cross-determined
high correlations for activity, oxygen concentration and
ammonia form of nitrogen concentration point to close
relationships between these parameters. Probably, in the
flooding, the main factor deciding about the appearance
and the magnitude of nitrification is substrate (NH,")
releasing from bottom sediments. At the river current
stations no close relationship between the concentration
of ammonium form of nitrogen and nitrification was
observed. In the flooding, water temperature increases
were accompanied by oxygen concentration decrease,
ammonium nitrogen concentration increase and related
increase in activity and oxygen consumption during ni-
trification processes (Fig. 8). It seems that at the flooding
station “sediment metabolism” has a higher influence on
nitrification processes than at the current stations, which
can be a result of longer retention time of water being
in touch with sediments. Nitrification process seasonal
course in flooding can be disturbed by sediment resuspen-
sion, probably on windy days. In the river about 80% of
nitrifying bacteria can occur in about 1 cm thick sediment
surface layer [8, 9]. That is why sediment resuspension
can be a significant source of nitrifiers and an important
factor determining nitrifying activity in the WDR shallow
zones. A higher nitrifying activity in water being in touch
with sediments was observed, among others, by Downes
[6], Pauer and Auer [12].

The superiority of ammonium nitrogen release from
sediments over nitrification process was confirmed dur-
ing the WDR studies. Despite nitrification activity reach-
ing up to 120 pg N/dm*/day during the research season,
nitrate concentration significant reduction was observed
in the reservoir at more lenitic stations, which pointed to
phytoplankton assimilation and denitrification processes
in bottom sediments. It should be stressed, however, that
the accurate determination of factors influencing nitrify-
ing activity in the WDR water was not possible due to re-
lation complexity and the small number of measurements.
Nitrifying activity values measured should be treated as
potential ones. De Bie et al. [16] observed that potential
nitrifying activity values measured under laboratory con-
ditions could be higher in relation to in situ measurements,
particularly in autumn, when the temperature could be a
factor limiting nitrification in a natural environment. Con-
sidering environmental factors variability it is difficult to
shift experimental results into situations in the ecosystem.
In the future, nitrification measurement studies should be
connected with determination of nitrifier biomass or, at
least, their abundance.
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