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Abstract

The article presents the results of analyses of 21 water quality indices measured at 15 stations n the
area of the Odra River estuary during the summer flood crest outflow 1n 1997. It was found out that
a number of the analysed indices, evaluated according to the legal criteria implemented in Poland
for the assessment of the quality of inland water, reached excessive values pointing to unfavourable
quality changes in the environment of the Odra River estuary which lasted for several days These
changes posed threal to health and living of ichthyofauna in the estuary
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INTRODUCTION

There was a number of environmental studies of water in the lower Odra,
in the outlet of the river Swina into the Pomeranian Bay as well as in the coastal zone
of the Pomeranian Bay during the outflow, and foilowing this outflow, of the great
flood crest in summer 1997. The results of water quality measurements in the lower
Odra and in basins located south to the Szczecin Lagoon have been already presented
by Protasowicki et al. (1999), Helios-Rybicka and Strzebonska (1997), Wolska et al.
(1999), Miiller and Wessels (1999), Bierawska et al. (1999), Damke et al. (1999) and
Lehmann et al. (1999). The results of measurements of the nutrient loads entering
then the Pomeranian Bay via the Swina Strait were described by Pastuszak et al.
(1998, 1999), Siegel et al. (1998), Miiller-Navarra et al. 1999, Witt and Trost (1999)
and Grelowski et al. (2000), while the results of measurements of water chemistry
changes in the Pomeranian Bay subsequently to the flood crest outflow were
presented by Trzosiriska and Andrulewicz (1998), Lysiak-Pastuszak et al. (1998),
Lysiak—Pastuszak 2000, Lysiak —Pastuszak and Drgas 2000 and Morholtz et al.
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(1998). However, the literature shows a noticeable lack of publications on water
chemistry examination during the flood crest outflow from the Szczecin Lagoon as
such.

The quality of water filling up the Szczecin Lagoon and taking residence there
for several weeks™ was an important problem from the point of view of the hydrobi-
onts living in this environment, since the quality of their habitat had changed then
dramatically and the negative effects of these changes can be observed even today.

The presented article was aimed to fill in the gap in the studies on the chemi-
cal composition of water in the Szczecin Lagoon during the outflow of the flood crest
in 1997 and give the ground for discussion with biologists on the effects of the flood
water on the health of hydrobionts and particularly the ichthyofauna of the Lagoon.

MATERIAL AND METHODS

Water samples for the analyses of water quality indicators were collected
using a Patalas sampler from the surface water layer (0.5 m under the water surface)
and from the near bottom layer (0.5 m above the bottom) between 16.07.-01.09.1997
synchronically to the movement of the flood crest. The sampling was done at 15
sampling stations (Fig.1), annotated A to P (the precise location of sampling stations
is presented in Tab.1). However, because of considerable turbulence of the flow in
the upper part of the estuary, the differentiation between the surface and near bottom
layer was impossible.

Altogether 42 water samples were collected in sequence, as shown in lower
part of Fig. 2, repeatedly at selected stations. The measurements started in the Wes-
tern Odra in Szczecin (station A) and ended up in the river Swina outlet into the Po-
meranian Bay (station P).

The water quality indicators measured in the field were: water temperature,
pH, Eh, total alkalinity and dissolved oxygen. Chemical oxygen demand, by manga-
nate method (COD-Mn), biochemical oxygen demand, after 5 days — BODs, nutrient
concentrations (NOs", NO,, NH;' and PO,") as well as mineralisation indices (con-
centrations of Ca’", Mg"ﬂ CI" and SO,*) and concentrations of Fe,,; and Mny,, were
determined in preserved samples in land laboratory, using analytical procedures de-
scribed earlier in the papers by Poleszczuk and Sitek (1995) and Poleszczuk (1997,
1998).

* The capacity of reservoir of the Szczecin Lagoon according to Majewski (1964) is 2.8 km', while through
Szczecin Lagoon flow 28 km” in year of river and seawaters (seawaters from estuary flowing into Pomeranian
Bay) - average retention time of waters on Szczecin Lagoon would be 5.2 of week. According to Poleszezuk
(1996) the flow of river and seawaters through Roztoka Odrzanska is 25 km' in year, what would suggest, that
average retention time of waters would be somewhat larger. The value of coefficients of waters confusion

orams of secawaters |
fstiout ol ila of s grow from 0to | (Poleszczuk 1998) as flow waters 1n hole estuary, and
lkg of nverwaters J

so average time retention of waters - particularly for reservoirs in northern part of Odra estuary — can be shorter
even about half Simultaneously for volumetric intensity of Odra waters flow larger from 800 m’ - s
(ca 25 km’ * vear”), when stops inflow of seawaters, the retention times of water will be shorter, accord from
mntensity of nver waters flow.
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Table 1

Investigations of water quality in Odra River estuary during summer flood 1997
— location of measurement stations

No. S(t:aot:;:n Station location Depth (m) j.[:::t;t::z;:c;::: t?:n
I A Western Odra River 6.0 near the Szczecin Port
54°26'N and 14°35’E : Authority
5 B Western Odra River 11.0 Szczecin — Skolwin site
- 54°29°45”N and 14°42°E ) near fishing port
Western Odra River mouth to near buoy ..B19z"
3 C Domigza Channel 6.0
54°32°N and 14°38°15"E N
4 D Dabie Lake 1.0 on NNE from Dgbinka
| 54°28°38”N and 14°39°30"E i Island
5 " £ Great Lagoon 6.0 I near buoy ,, WW-E"
54°45°N and 14°21°30"E ’
Nowowarpienskie Lake border buoy ,,7" and
6 54°44°25°N and 14°16'25"E N ,B4°C” on water way
F 2.0 g ; ;
rom Nowe Warpno city
to Altwarp city
Nowowarpienskie Lake border buoy ,.4” on NE
7 G 54°42°30"N and 14°16’E 1.5 from Rietha Werder [s-
land
g u Roztoka Odrzanska 40 near track buoy ,,16”
54°39°N and 14°32°30"E ’
9 { Great Lagoon 54 near Gate Way no.3
54°43°N and 14°28°45"E r ’
10 ] Great Lagoon 5.8 near Gate Way no.2
54°45°45"N and 14"24°20"E ’
1 K Great Lagoon 4.0 near water way buoy
54°46"40"™N and 14°32'30"E ) [;mi2¢"
12 L Great Lagoon 53 | between buoys ,KW-E”
- 54°49°N and 14°29°30"E ¥ and ..MJcb”
13 Wicko Wielkie Lake in center on Wicko Wiel-
3 M PR g 26 =
54°33'N 14"26°157E kie Lake
14 N Wicko Male Lake 16 near buoy ..16”
54°54'N and 14°26”15"E ’
Swina Channel mouth to near buoy .,B3z"
15 P Pameranian Bay 11,0 |
54°29°45"N and 14°42'E | |

Notation: ¢, ¢b — buoy colours: red and red-white buoy respectively

z— buoy colours: green
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Since in the Polish legislation there is lack of water quality criteria for estuarine wa-
ter, water quality in the samples from the Odra River estuary was evaluated accord-
ing to the quality criteria for surface freshwater, implemented in the Rozporzadzenie
(1991), and based on the global standards e.g. Alabaster et al. (1980), Svobodova et
al. (1993). It was anticipated that water in the Szczecin Lagoon would show consid-
erable excess of fresh water during the outflow of the flood crest hence the fresh wa-
ter quality criteria have been rightly applied.

The data on the flood crest flow intensity, registered in Gozdowice, were sup-
plied by the Institute of Meteorology and Water Management, similarly to the data
from the river Odra water-gauges in Gozdowice and Szczecin and the mareograph in

Swinoujscie (Fig. 2).
RESULTS

The results of measurements presented in time sequence are shown in table 2.
The values of water quality indices corresponding to the 1 and II water quality
classes, that is characteristic for the environment favourable to ichthyofauna (class |
— habitat favourable for salmonide inhabitation, class Il — habitat favourable for other
fish), are specially marked. Also the results denoting class I1I are marked, i.e. indicat-
ing water of quality inadequate as fish habitat and out-of-class water (degraded).
Separate marking was applied for the results indicating the out-of-class water quality
as regards the mineralisation. These results should not be taken into account when
assessing the quality of estuarine environment which is by definition characterised by
higher degree of mineralisation, however this does not disqualify it as the habitat for
the fresh water ichthyofauna.

The fact calling for attention during the measurements was the uniformity of
chemical composition of the surface and near bottom water at the majority of sam-
pling stations. It was solely at the stations in the northern part of the Great Lagoon
that a marked difference in oxygen saturation between the surface and near bottom
water was observed accompanied by negligible differences (<10%) in other water
quality indices, and during the final stage of the flood crest outflow there appeared
differences also in the surface and near bottom salinity. Contrary to that, the chemi-
cal composition of surface and near bottom water in the river Swina outlet into the
Pomeranian Bay differed considerably throughout the entire period of the study.

Simultaneously the chemical composition of water differed characteristically
depending on the location of sampling station and the sampling date. The results
listed in tables 3 and 4 were selected to indicate the characteristic features of water
chemistry in various parts of the river Odra estuary, specifically: Western Odra,
Dabie Lake, Roztoka Odrzanska, Great Lagoon, the lakes: Nowowarpienskie, Wicko
Wielkie and Wicko Mate, as well as the outlet of the river Swina into the Pomeranian
Bay, and compared with the results, cited from literature, on chemical composition of
water in these basins in summer (July-August) in the years proceeding the flood
(Nowowarpienskie Lake) or some years past the flood. The data from literature are
considered the reference values in the water quality assessment of the flood water.
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In the case of the Western Odra and Lake Dabie (Tab.3, column 5), the trends in
variations of particular water quality indices were also determined and the extreme
values. indicating the degree of ichthyofauna endangerment (maximal or minimal)
are shown. Water quality indices measured at station A were probably very similar to
the results of such indices in Regalica the river flowing into the lake Dabie. The re-
sults obtained at stations A and B and C and D rendered possible the determination
of changes in water quality in the southern part of the estuary from 16.07. 10 11.08.
1997, 1.e. during the outflow of the maximal flood crest. The results listed in Tab.3.
column 5. compared with the results from the Roztoka Odrzaniska (Tab. 3. column 6)
give the description of quality changes in water flowing downwards the estuary till
01.09.1997. At that time, water in Roztoka Odrzanska showed lower content of ni-
trate, dissolved orthophosphate, chloride and sulphate but higher content of nitrite
than in the reference period.

Water in the Great Lagoon showed a relatively marked variability during the
period of study (06.08.-01.09.1997), Total alkalinity, surface water saturation with
oxygen. the concentration of reducing organic substances as well as the concentra-
tions of NH; , NO," and Mn, increased during this period. In comparison to refer-
ence values - pH BOD:. oxygen concentration and the concentrations of NOs', PO, ™,
CI' and Mg were lower and the concentrations of NH, ", NO,” SO;™, Fe,; and Mn,,
were higher.

The results of measurements in the lakes Nowowarpienskie, Wicko Wielkie
and Wicko Mate as well as in the river Swina Strait together with the near mouth sec-
tion of the Pomeranian Bay are presented in table 4. The comparison of the meas-
urement results with the reference data indicates that water in the Lake Nowowar-
pienskie (particularly station G) and to a lesser extent in the lake Wicko Mate, which
are the bay lakes to the Szczecin Lagoon, showed chemical composition similar to
the reference period. The influence of flood water was observed in the Lake
Nowowoarpienskie at station F. located close to the strait connecting the Lake with
the Great Lagoon.

Significant changes in water chemistry. as compared to reference data. were
observed in the Lake Wicko Wielkie. Pamcularlv SO as regards water saturation with
oxygen and concentrations of NOs", NH,", , Cl, Mg"" and Mn,,. Water satura-
tion with oxygen, nitrate concentration and the content of Mn,,, showed higher values
than in the reference period and the remaining indices attained much lower levels.

In the strait of the river Swina, considerable differentiation between the che-
mistry of surface and near bottom water was observed during the entire period of the
study. Water in both layers differed as regards all the examined indices. The near
bottom water showed close resemblance to chemical composition of the near bottom
water in the Pomeranian Bay in the vicinity of the river Swina mouth. Noticeable dlf-
ferences were found in the concentration of oxygen, which declined to 0 mg O» dm™
near the bottom in the mouth of the river Swina, and in the concentration of NH, ',
which was several times higher than in the reference period. The examined waters
showed also elevated concentrations of Mn,,.
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DISCUSSION

In summer 1997, two flood crests formed in the upper flow of the river Odra
and combined in its lower part (Fig.2). This finally resulted in the prolonged outflow
of high water. lasting in the Odra estuary from 20 July (the rise of water level in the
water-gauge Szczecin) until the second half of August (the decline of water level in
the water-gauges Szczecin and Swinoujécie). The maximal water flow was noted on
the turn of July and August. The daia presented in Fig.2 indicate that the flow of
flood water through the estuary was detected in the river Swina mouth on 30 July and
ended on 25.08.1997. The flood crest was flattened out already in the upper part of
the estuary and water levels in Szczecin and Swinoujscie never exceeded the alarm
level.

The water masses. only slightly mineralised, but transporting large loads of
pollutants, when flowing through the upper and middle parts of the Odra estuary ex-
erted a vehement, and subsequently lasting for several weeks, change in chemical
composition of water in these parts of the estuary as compared to the composition
typical for these waters under the ordinary climatic conditions (Poleszczuk 1997,
1998).

Salinity. expressed usually in terms of chlosinity, is the indicator characteris-
ing the changes in water quality of the river Odra estuary as regards the proportions
in which the fresh and marine water are mixed in this estuary (Poleszczuk 1998).

Flood water entering the estuary showed a relatively low mineralisation, e. %
the fo[]owmo values were deten'nined at station A on 23.07. 1997 CI'-109 mg dm™,
Mg™ - 7 mg dm”, Ca’" - 70 mg dm™ and SO,” - 135 mg dm™, and resulted in d;lu-
tion of estuarine water in the entire area of the Szczecin Lagoon (look up the data on
mineralisation at all the examined stations in the central part of the Lagoon) with the
exception of the lake Nowowarpienskie (station G), the lake Wicko Male (station N)
and to a lesser degree the lake Wicko Wielkie (station M), through which the great
amount of surface water had to pass anyhow. The freshening of water reached down
to the near boftom water (down 10 about 10 m depth).

The effect of freshening the water in the Odra river estuary starts, as it was
shown earlier, when the flow in the river reaches intensity of about 800 m’ s’
(Poleszczuk 1996). Hence from 16-17 July 1997 until 25-26 August 1997 the central
part of the Szczecin Lagoon, down to the depth of about 10 m, was filled with water
of specific chemical composition which flew down in the river-bed of the Odra.

During that time, solely in the near bottom water layer of the river Swina
mouth into the Pomeranian Bay (from the bottom to 10 m depth), the more saline wa-
ter was inflowing from the Pomeranian Bay. With the flood intensity declining, the
riverine water outflew in the surface layer and near the bottom, mainly in the water-
way, more saline water from the Pomeranian Bay was transported into the Szczecin
Lagoon. Poleszezuk (1996) is of the opinion that the intrusions of saline water occur
when the riverine flow is between 400-800 m’ 57, At the beginning of September
(01.09.1997), through the river-bed of Swina, water of chemical composition typical
for the Pomeranian Bay close to the Swina mouth was transported (Poleszczuk et al.
2001), while in the surface layer - water of increased salinity was flowing, trans-
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formed by mixed the riverine and marine waters. The mixing of fresh water with the
saline water occurs in the Szczecin Lagoon relatively fast due to specific movements
of water caused by the changes in barothropic pressure. wind circulation and convec-
tion currents (Majewski 1980, Robakiewicz 1993, Poleszczuk 1997. 1998,
Poleszczuk and Piesik 2000).

The flood water flowing into the estuary indicated higher than usual tempera-
ture, by 3-5°C, a relatively low pH (7.1-7.6) and oxygen content (1.5-5.0 mg O,
dm™), and transported relatively large load of dissolved organic matter of reducing
character (ChZT-Mn = ]0 15 mg O, dm"™) and limited ability to oxidise organic mat-
ter (BZTs=2-7 mg O;dm’ %) (Poleszczuk 1997).

Simultaneously these waters preserved high redox status (Eh=290-350 mV),
which resulted from the presence of various (different than oxygen) substances com-
bining in redox pairs (Garrels and Christ 1962). In the starting stage of the ourﬂow
the flood waters contained negligible amounts of nitrate (V) (<0 01 mg N dm’ ) rela-
tively high concentrations of mtme (111) (0.200-0.250 mg dm™) and ammonium de-
rivatives (2.30-2.80 mg N drn *) and low concentrations of reactive dissolved phos-
phate (ca. 0.15 mg PO, dm™).

The flood waters transported significant amounts of iron (the concentration of
Fe,=2.80-3.20 mg dm™ *) and scarce amounts of manganese (the concentratlon of
Mn, <0.10 mg dm™). Low total alkalinity (2.00-2.10 mmol HCI dm" %) was also their
characteristic feature.

The chemistry of flood water changed on its way from the upper most stations
(B. C, and D) down the estuary into the sea (stations E and M). The concentration of
dissolved oxygen increased, as well as the concentration of nitrate and dissolved
phosphate. These changes confirmed the fact that the impetuous flow assured good
oxidation of the flowing water with oxygen from the atmosphere, and also pointed
out to the undergoing intensive processes of organic matter oxidation in these waters.
The oxidation processes were accompanied by an increase in pH and total alkalinity
on one hand and on the other - a decrease in total iron concentration and an increase
in total manganese (up to 0.8 mg dm” in the Lake Wicko Wielkie).

When the flood crest reached the central part of the Great Lagoon (stations I,
J, K, and L), water in the surface and near boftom (depth < 10 m) layers revealed
relatively homogenous chemical composition regarding the mineralisation and other
water quality indices (solely at stations J and K a slightly increased values of CI
were found.

The concentranons of examined mlnerahsatlon indices were as follows CI:
71-88 mg ClI dm SO,”: 128-150 mg SO; dm™ 70 80 mg Cadm™; Mg™"; 7-
24 mg Mg dm™; total alkalinity: 2.00-3.50 mmol HCI dm*.

A weak dtfferennatlon between surface and near bottom water composition
was noticed at station J in the southern part of the Great Lagoon, probably due to an
inflow of saline water on the sampling date (01.09.1997).

The total concentrations of iron and manganese were lower in the flood water
(as compared to measurements at stations E and H), this can be taken as evidence for
washing out the surficial sediments from the Lagoon inio the sea, because the sedi-
ments are rich in both theses elements (Osadczuk et al. 1996).
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It is well proved that in flood waters in the central part of the Great Lagoon
more intensive processes of biochemical degradation of organic matter occurred than
in the southern part of the estuary, as the concentration of BODs varied between 0.5-
0.8 mg O, dm™ and they contained more dissolved organic matter of reducing char-
acter (COD-Mn: 12.5-16.0 mg O; dm™ *). The redox status of these waters was reia-
tively stable (Eh=290-325 mV), oxygen concentratmn between 8.8-9.0 mg O, dm™ in
the surface layer and between 7.2-7.8 mg O, dm™ in the near bottom layer, but the
water near the bottom was more abundant in dissolved organic matter of reducing
character. The concemratmns of mineral nitrogen compounds were negligible (NO:
0.12-0.16 mg N dm™; NO;: 0.075-0.140 mg N dm” ) and dlssolved reactive phos-
phate were at sm:iarly low concentrations (0.01-0.04 mg PO, dm™), with the excep-
tion of stations E and L located at a greater distance from the main flow of the flood
water along the water-way Szczecin-Swinoujscie.

Waters in the lakes Nowowarpienskie (station G) and Wicko Male (station N),
and also to a lesser extent water in the Lake Wicko Wielkie (station M) retained their
typical estuarine chemical composition during the flood, however the vast masses of
flood water had passed the latter basin much earlier. The characteristic features of
water in the mentioned lakes were: lower temperature (22-23°C), high pH (8.33-
8.88), relatively low values of Eh (225-280 mV) and elevated concentrations of oxy-
gen (10.2-14.3 mg O, dm’ %). The elevated concentrations of oxygen indicated the on-
going phytopiankton bloom.

Water in the Lake Nowowarpienskie showed relatively low level of COD-Mn
(8.6-9.2 mg Oy dm’ ) and increased level of BODs (13.3-16.8 mg O, dm” ) Simulta-
neously they revealed low concentrations of mineral nitrogen compounds (NO; =
0.03 mg N dm”, NO, = 0.007-0.017 mg N dm”, NH," ~ 0.04 mg N dm™). Evi-
dently, within the complex structure of the river Odra estuary these were the enclaves
where the flood did not exert any effects.

In natural water basins, every sudden change in the chemistry of water poses
an intensive stress to ichthyofauna. Fish from the salmonide family are particularly
sensitive to the changes in the chemistry of inhabited water. Due to increased secre-
tion of cortisol, that leads to the reduction of leucocyte number in blood, the fish are
less immune to infections (Antychowicz 1996). Simultaneously, variable chemical
substances can be harmful and toxic to fish and pose direct endangerment to ichthyo-
fauna. According to the data listed in Tab. 2, flood water transported compounds of
deadly threat to ichthyofauna of the Odra estuary. Two “death zones™ were formed
during the outflow of the surface water, where oxygen concentrations declined to
critically low values: in the southern part of the estuary, cspemal]y in the Western
Odra - oxygen concentration dropped there to 1.6-3.0 mg O, dm™ between 23.07 and
06.08.1997, and less affected areas of the Eastern Odra, Regalnica and the Lake
Dabie (oxygen concentrations: 4.5-4.9 mg O, dm™). The other endangered zone was
situated near the outlet of the river Swma into the Pomeranian Bay, where a complete
exhaustion of oxygen (0 mg O, dm™) in the near bottom water was observed from
18.08. to 25.08. 1997. The formation of such strong oxygen deficit in the Swina strait
and close to the Swina mouth along the shores of the Pomeranian Bay was also de-
tected by Pastuszak and Sitek (1998). An inflow of saline water from the Pomeranian
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Bay through the Swina strait and further into the Szczecin Lagoon, that started on
25.08.1997 (according to Pastuszak and Sitek (1998) — from 26-29.08.1997) did not
improve the oxygen situation in the endangered areas because water in the Pomera-
nian Bay close to the Swina mouth was also poorly supplied in oxygen. The occur-
rence of oxygen deficits in the Pomeranian Bay close to the river Swina mouth was
described already by Wiktor and Wiktor (1961), who observed regular decline in wa-
ter saturation with oxygen to 80% and attributed this to mass mortality in the saline
water in the Bay of fresh water hydrobionts transported from the Szczecin Lagoon
and the ensuing enhanced demand for oxygen for the mineralisation of the dead bio-
mass. The same phenomenon, though considerably magnified must have occurred
during the inflow of flood water into the Pomeranian Bay in summer 1997. The sa-
linity of water in the Pomeranian Bay reached then 6.6 (Pastuszak and Sitek 1998).

Concentrations of NO,™ between 0.100-0.250 mg N-NO, dm™, which occurred
and persisted for several weeks (from 16.07.1997 in the southern pans of the estuary
till 01.09.1997 in the central part of the Great Lagon) in water of the Lagoon, posed
the danger of causing methemglobinemia in fish. Nitrite concentrations of this level,
persisting for prolonged period. cause serious pathological disturbances in ichthyo-
fauna. Simultaneously nitrite exerted direct toxic effects, irrelvant to obstructing the
hemoglobin transport of oxygen in fish. Nitrate, at the described level of concentra-
tions and occurring under low oxygen content in water and relatively low pH, are li-
able 1o cause mass mortality in fish. The toxic effect of nitrite was enhanced by syn-
ergetic action of ammonium compounds that appeared in elevated concentrations (up
to 2.80 mg N-NH,4 dm™). Nitrite also impaired the fish vitality. The prevalence of
fresh water in the Szczecin Lagoon and the reduction of chloride concentration to 70-
80 mg ClI dm™, posed additional endangerment factor for fish health, because higher
concentrations of chloride form a barrier in fish against the assimilation of nitrate
(II1). There is no doubt that nitrite concentrations that appeared in water of the
Szczecin Lagoon during the summer flood in 1997 were decidedly harmful and even
lethal to salmonide fish (Siwicki et al. 1994, Antychowicz 1996).

Another threatening factor to the health of ichthyofauna posed the high con-
tent of iron and manganese in the flood water (Prost 1994), though the endangermenl
with iron occurred solely in the Western Odra (Fe concentration 2.80-3.20 mg dm™)
and high concentrations of manganese appeared mainly in the surface water of the
river Swina mouth (the measurements PYandP° ’) as well as in the central part of the
Great Lagoon. These high concentrations of manganese were most probably related
1o peptidation, resuspension and washing off the bottom sediments from the estuary
into the sea by the flowing flood water.

Relatively high concentrations of ammonium ions, especially in the Western
Qdra, if evaluated according to the Rozporzadzenie (1991), did not threaten the
health of ichthyofauna because of the low pH in surface water. Due to this, dissolved
ammonia concentration could not attain the harmful level. However, the problem of
ammonium harmful effects is not equivocal. The Water Framework Directive of the
European Union (Directive 78/659/EEC) states the permissible ammonia concentra-
nons for salmonide and cyprmlde families at, respectively, 0.005 and 0.025 mg NH;
dm™. Concentration of NH; in estuarine water, calculated according to the tables
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given by Emerson et al. (1975), reached ca. 0.056 mg N-NH; dm™ for the measure-
ment A3", and ca. 0.0075 mg N-NH; dm™ for the measurement J*. Similar situation
arises when analysing the permissible concentrations of ammonium (NH; ). The Wa-
ter Framework Directive decides that ammonium concentration in fresh water, under
warm weather conditions, Iow salinity and 1nten51ve mineralisation processes, should
not exceed 1 mg NHy dm™ (0.078 mg N-NHy4~ dm™ ).

High concentrations of reactive dissolved phosphate in Western Odra and
BOD; values exceeding standard level (stations: F, G, K and L) can be mentioned as
the additional disadvantageous changes in the aqueous environment. High water
temperature, up to 26.5°C, was also of disadvantage to ichthyofauna occurring in all
parts of the estuary.

The examination of water chemistry in this study was fragmentary because of
accidental situation (a limited number of measurement stations) and the analysis
were limited to a reduced number of parameters, out of 53 physical, chemical and
biological parameters obligatory in the national programme of fresh, surface water
monitoring in Poland (Rozporzadzenie 1991). However, the parameters were se-
lected according to the recommendation of the Water Framework Directive (1990).
Irrelevant to the completeness or incompleteness of these results of the study, their
presentation and preliminary discussion on the health endangerment of ichthyofauna
during the summer flood in 1997 seemed profitable and interesting to the specialists
studying biocenoses of the river Odra estuary.

CONCLUSIONS

1. In 1997, the inflow of flood water, characterised by specific chemical composi-
tion differing from the typical water composition in the Odra river estuary and
containing large amounts of potentially toxic substances, was undoubtedly the
source of severe stress to fish inhabiting the estuary, increasing their vulnerabil-
ity to harmful effects of these substances and to variable infections.

2. During the outflow of flood water through the estuary, two endangerment zones
were discerned: in the southern part of the estuary (Western Odra, Regalica,
Dabie Lake), where oxygen concentrations in the near bottom layer dropped to
1.6 mg O, dm”™ between 23.07. and 06.08.1997 and the oxygen deficit zone — in
the mouth of the river Swina and along the coastal band of the Pomeranian Bay.
where oxygen was completely exhausted from the near bottom water and hydro-
gen sulphide appeared.

3. The high concentrations of nitrite (0.100-0.250 mg N-NO, dm™), persisting from
16.07. (Western Odra) till 01.09.1997 (central part of the Great Lagoon), which
is directly toxic to ichthyofauna and impaired the oxygen assimilation and trans-
port in fish (methemglobinemia) under the presence of large amounts of ammo-
nium compounds (up to 2.80 mg N-NH, dm™) and decreased water salinity (60-
70 mg Cl dm™), posed significant threat to the estuarine ichthyofauna whole-
someness and survival.

4. The high total concentrations of iron and manganese, exceeding the Polish fresh
water standards, as well as strongly elevated water temperature, BODs and con-
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centrations of dissolved reactive phosphate appeared only locally, and besides
the high manganese values — incidentally. confirmed the general unfavourable to
ichthyofauna water quality conditions in the Odra estuary.

According to the Polish surface water quality criteria, the high concentrations of
ammonium compounds, particularly in water of the Western Odra and higher
than normal in other parts of the estuary could not be harmful 10 the ichthyo-
fauna, while these concentrations, when evaluated according to the criteria of the
Water Framework Directive of the European Union were classified as inadmissi-
ble. In fact these concentrations, because of synergetic effects, enhanced the
toxic effect of nitrite and other harmful substances.

Ly
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NIEKORZYSTNE DLA ICHTIOFAUNY ZMIANY JAKOSCI BIOTOPU
TONI WODNEJ ZALEWU SZCZECINSKIEGO
PODCZAS SPLYWU WOD POWODZIOWYCH LATEM 1997 ROKU

Streszczenie

Przedstawiono wyniki prowadzonych podczas sptywu wod powodziowych latem
1997 roku badan wybranych 21 fizycznych i chemicznych wskaznikow jakoseci wod
(ogdlnych: temperatura, pH, alkaliczno$¢ ogdlna, potencjat redoks Eh oraz wskazniki
redoks pE i rH, COD-Mn, BODS, steZenie tlenu rozpuszczonego, stopien natlenienia
wod; wskazniki trofii: stezenie NO3", NO,', NH,' i POf}ozp; wskazniki mineraliza-
cji: total hardness, stezenie Ca™, Mng, CI, SO4” oraz Fegg 1 Mngg) w miejscu 15
stacji pomiarowych w estuarium Odry poczynajac od Odry Zachodniej w Szczecinie
i jeziora Dabie do ujscia Swiny do Zatoki Pomorskiej.

Wykazano, ze wody powodziowe o specyficznym skiadzie (niskiej mineralizacji i
znacznej zasobnosci w substancje o charakterze zanieczyszczefi) wypelniaty akweny
potludniowej czesci estuarium Odry i Wielki Zalew. Wartosci szeregu badanych
wskaznikow jakosei tych wdod w miejscach stacji na Odrze Zachodniej i jeziorze Da-
bie oraz w obszarze ujsciowym Swiny do Zatoki Pomorskiej oceniano na podstawie
prawnie obowiazujacych w Polsce norm oceny $rodowiska wodnego dla stabo zmi-
neralizowanych waéd srodladowych, wskazywaty na wystepowanie i utrzymywanie
si¢ w przeciagu wielu dni niekorzystnej jakosci Srodowiska wodnego zagrazajace;
zdrowotnosci i przezywalnosci ichtiofauny.




