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Preface

European environmental policy aims at a preservation of the natural heritage and an improvement
of environmental quality. The framework for Community action in the field of water policy, the
Water Framework Directive (2000/60/EC) of 23 October 2000, and the Habitats Directive have a
prominent role in this respect (92/43/EEC). In the Habitats Directive the management of the sites
(Article 6) and the creation of a Natura 2000 network plays a crucial role. The Water Framework
Directive requires a large scale river basin - coastal zone management, too. The Recommendations
of the European Parliament and of the Council of 30 May 2002 concerning the implementation of
Integrated Coastal Zone Management in Europe (2002/413/EC) and are not limited to nature
protection alone and go much further with respect to the management, but are limited to the coastal
zones:
(a) protection of the coastal environment, based on an ecosystem approach preserving its integrity
and functioning, and sustainable management of the natural resources of both the marine and
terrestrial components of the coastal zone;

(b) recognition of the threat to coastal zones posed by climate change and of the dangers entailed
by sea level rise and the increasing frequency and violence of storms;

(c) appropriate and ecologically responsible coastal protection measures, including protection of
coastal settlements and their cultural heritage;

(d) sustainable economic opportunities and employment options;

(e) a functioning social and cultural system in local communities;

(f) adequate accessible land for the public, both for recreational purposes and aesthetic reasons;
(g) in the case of remote coastal communities, maintenance or promotion of their cohesion;

(h) improved coordination of the actions taken by all the authorities concerned both at sea and on
land, in managing the sea-land interaction.

All these aspects reflect very well the demands and challenges we are facing. Basis for the regional
implementation of the directives and the recommendation are a detailed knowledge about the
ecosystems, a sound understanding of the natural processes in these systems and an awareness of
the direction of changes as well as the underlying driving forces. But we have to go further and
consider the human factor and its influence as well.

This report compiles original articles and shortened diploma theses. It contains new basic
information on the Oder estuary, which is useful to support the implementation of European
(water) policy. The thematic focus is on water quality, but relevant interdisciplinary approaches are
included, too.

J 5o ANz

Gerald Schernewski Tobias Dolch

The work was partly supported by the project “Characterisation of the Baltic Sea
Ecosystem (CHARM)”. CHARM is funded by the European Union (Contract EVK3-
CT-2001-00065). The project develops recommendations on typology, reference
conditions and monitoring strategies for implementing the EC Water Framework
Directive in the coastal zone of the Baltic Sea.

Support was further provided by the Interreg III C project BaltCoast.
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Pollution Load Compilation of the German part of the Oder
Estuary (1990-1998)

Alexander Bachor & Christine Schoppe

State Agency of Environment, Protection of Nature and Geology Mecklenburg-Vorpommern, Goldberger Strasse 12. D-
18273 Giistrow, Germany
Email: alexander.bachor@lung.mv-regierung.de; christine.schoeppe@lung.mv-regierung.de

Summary

The pollution of the German part of the Oder Estuary with organic material (BODs), nutrients and
heavy metals caused by influxes from running waters and sewage plants in Mecklenburg-
Vorpommern is slow in comparison with the influxes from running waters of the Oder river. All
sewage plants with more than 10.000 population equivalents entering the wastewater directly into
the western Oder Estuary use mechanical, biological and chemical treatment methods since 1995
and 1996, respectively. The main influx of pollution, approximately 60 % of the nitrogen, 80 % of
the phosphorus and 85 — 95 % of the heavy metals into the western Oder Estuary came via the river
Oder in the mid-nineties.

As a result of the reduced pollution with phosphorus the concentration of phosphorus dropped
considerably and the ratio of N:P changed. At the same time, an increase of the diatomeen growth
and a decline of the mean summer values for silicate in the German part of the Oder Estuary were
observed. The reduced pollution with phosphorus caused a lower concentration of algaes -
measured as chlorophyll-a -and an increase of the Secchi depth -, especially in the river Peene.

1 General Information

The Oder Estuary includes the Szczecin Lagoon as well as the mouth areas of three rivers — the
river Peene in the west, the river Swine in the middle and the river Dzwina in the east. All three
rivers are connected with the adjoining coastal waters. The main influx of pollutants and nutrients
into the Szczecin Lagoon comes via the river Oder, especially because all the wastewater of the
city of Szczecin flows into the river right before it joins the lagoon. But on average only 10 — 15 %
of the water of the river Oder flows into the western part of the Oder Estuary. Approximately 1.9
km® out of 15.1 km® water of the river Oder flew away via the western lagoon and the Peenestrom
towards the Baltic Sea in 1994/95 (BUCKMANN et al. 1998). The main part of the water (75 %)
reaches the Pomeranian Bight via the short way through the Piastowski channel and the river
Swine.

The German part of the Oder Estuary consists of the western Szczecin Lagoon (277 km?), the
Peenestrom including the Achterwasser (64 km?) and the southern part of the Greifswalder Bodden
(510 km®) which is connected with the Baltic Sea in a wide but relatively shallow sill.

The main sources of the pollution of the German part of the Oder Estuary with harmful substances
and nutrients are the influxes from the rivers Oder, Peene, Uecker, Zarow, and Ryck as well as the
influxes from the municipal sewage plants of the cities of Greifswald, Anklam and Wolgast.

In comparison with the Oder runoff the riverine runoff of the German catchment area is small. The
mean values of the annual runoff (1977-1997) of the rivers Peene (725 Mio m?), Uecker (240 Mio



m?), Zarow (90 Mio m?), and Ryck (60 Mio m®) into the western Oder Estuary come to 1.1 km?
water. That is only 60 % of the water volume of the river Oder which flows away through the
western Estuary.

The main point sources of discharge into the German part of the Oder Estuary are the sewage
plants of the cities of Greifswald (70.000 Population Equivalents), Anklam (40.000 PE), and
Wolgast (25.000 PE). In addition there are several other small discharging municipalities.

From six measuring points in the German part of the Szczecin Lagoon, four stations in the
Peenestrom and four stations in the southern part of the Greifswalder Bodden samples were taken
to measure the parameters of the water quality. Locations of the main sources (river and point
source) and the measurement grid of the western Oder Estuary are shown in Figure 1.
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Figure 1 = The measurement grid of the western Oder Estuary

2 Organic matter load

The organic matter load is measured as Biological Oxygen Demand after five days (BODs). The
major part of BODs load entered the western Oder Estuary via the river Peene (Tab. 1). The
riverine influx of organic matter depends on the runoff. The highest amount of it was determined in
the year with the highest runoff which was in 1994. The runoffs of the rivers Peene, Uecker,
Zarow, and Ryck were similar in 1991 and 1997 but the BODs load decreased.



Table 1 BOD:s load (tons) into the western Oder Estuary from German catchment area
Year |River: City: Total
Peene  Uecker Zarow Ryck| Greifswald Wolgast Anklam
1990 3043 1086 272 339 511 258 437 5946
1991 2628 1035 339 98 840 171 432 5543
1992 1799 541 160 148 768 209 520 4145
1993 2734 792 292 225 475 233 24 4775
1994 3293 1431 550 233 269 237 5 6018
1995 2546 1094 473 229 <20 89 <5 4456
1996 1466 731 250 151 <15 <3 <5 2621
1997 1315 615 158 116 <15 <3 <5 2227
1998 1863 768 246 164 <15 <3 <5 3064

The organic matter load of the point sources in the German catchment area is very low, because all
three sewage plants with more than 10.000 PE entering the wastewater directly into the western
Oder Estuary use mechanical, biological and chemical treatment methods since 1995 and 1996,
respectively.

In the Third Baltic Sea Pollution Load Compilation (PLC-3) was reported on the riverine and direct
landbased waterborne pollution load of organic matter in 1995 (HELCOM 1998) but according to
the PLC-3-Guidelines the organic matter load is measured as BOD;. The influx from the river Oder
into the Szczecin Lagoon was 87.640 tons BOD; and approximately 11.400 tons of this amount (13
%) entered the German part of the Estuary in 1995. The BOD; value of the rivers Peene, Uecker,
Zarow, and Ryck together was 5.050 tons compared with the BOD; load of the sewage plants of
the cities of Greifswald and Anklam which was only 20 tons and 5 tons, respectively.

A high amount of organic matter in the rivers especially in the Estuary can be put down to the fact
of algae blooms. That is the reason why the concentrations of BODs in the Oder Estuary hardly
fluctuate. The mean values of BODs in the German part of the Szczecin Lagoon went down
approximately 10 % from 4.0 mg/1 (standard deviation: 1.9 mg/l) in the period from 1990 to 1993
to 3.6 mg/l (standard deviation: 1.9 mg/l) between 1994 and 1997.

3 Nutrient load

Excessive nutrient influxes into the Oder Estuary have caused algae blooms especially of
cyanobacteria. The consequences are a high secondary pollution of this stretch of water caused by
dying algae and an intense cloudiness of the water.




3.1 Nitrogen load

The total waterborne nitrogen influx depends on several factors like rainfall, season and
temperature. In the rainy year of 1994 the nitrogen influx was five times higher then in the years
1990, 1991, and 1992. Especially during rainy month a very high amount of nitrate is measurable
in the Oder Estuary. For example 1.700 - 1.200 tons of NOs-N entered the Estuary only from the
river Peene between January and March of 1994 (Fig. 2).

NO3-N (tons) n runoff (Mio m3)
1600

Snitrate load —runoff |
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Figure 2  Nitrate load and river runoff into the western Oder Estuary from the river Peene (1990
—1998)

During periods of such a high runoff the nitrate concentration in the Estuary increases significantly.
Maximal concentrations of dissolved inorganic nitrogen (460 - 670 umol/l DIN) were observed in
the upper part of the river Peene. The riverin nitrogen amount didn’t show a significant trend. In
comparison the nitrogen amount of the point sources dropped considerably though the importance
of these sources is low. In the beginning of the nineties the amount of nitrogen load from the point
sources comprised still 20 %. Modernisation as well as building of new sewage plants able to
remove nitrogen led to a decrease of the nitrogen amount to only 2 % since 1996. In spite of the
reduction of the nitrogen influx from sewage plants the whole nitrogen load of the western Oder
Estuary hardly changed (Tab. 2).



Table 2 DIN load (tons) into the western Oder Estuary from German catchment area
Year |River: City: Total

Peene  Uecker Zarow Ryck| Greifswald Wolgast Anklam
1990 946 328 89 161 278 77 75 1954
1991 1372 380 95 234 210 47 62 2400
1992 1245 253 117 286 179 49 61 2190
1993 1865 428 217 240 182 56 53 3041
1994 6420 1746 1099 603 121 57 62 10108
1995 3011 745 367 462 77 35 48 4745
1996 1253 454 132 113 26 4 18 2000
1997 920 322 65 134 32 6 10 1489
1998 2375 597 266 420 27 8 7 3700

Only 1 % (river Ryck) to 17 % (river Uecker) of the total anthropogenic nitrogen in the river basins
of the catchment area of the German part of the Oder Estuary are point load (HELCOM 1998). The
situation of the river basins is characterized by a dominance of the diffuse pathways. Therefore it is
necessary to reduce the nitrogen load from diffuse sources, mainly agriculture.

According to the PLC-3-Guidelines the influx of dissolved inorganic nitrogen (DIN) from the river
Oder was 50.200 tons in 1995 (HELCOM 1998) and approximately 6.500 tons of this amount (13 %)
entered the German part of the Oder Estuary. The amount of DIN coming from the German
catchment area was 4.600 tons from the rivers Peene, Uecker, Zarow, and Ryck together and 160
tons from the three point sources with more than 10.000 PE.

3.2 Phosphorus load

The amount of phosphorus of the riverine and point sources from the German catchment area of the
western Oder Estuary dropped considerably from 1990 to 1998 (Tab. 3).

With the beginning of using phosphorus-free detergents in the eastern part of Germany from the
second half of 1990 a decrease of the phosphorus load to approximately 50 % was noticeable in the
following years.
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Figure 3  DIP input and river runoff into the western Oder Estuary from the river Peene (1990 —
1998)

Furthermore putting modern sewage plants using new chemical treatment methods into operation
dropped the phosphorus load again. In the period from 1996 to 1998 the phosphorus influx was
only a quarter of the one in 1990 for example in the river Peene (Fig. 3). In the meantime the
diffuse sources became the major problem (BEHRENDT & BACHOR 1998). The amount of
phosphorus from point sources fluctuates between 6 % in the river basin of the river Ryck and 28
% 1in the river basin of the river Uecker (HELCOM 1998).

Table 3 TP load (tons) into the western Oder Estuary from German catchment area

Year |river: City: sum
Peene  Uecker Zarow Ryck| Greifswald Wolgast Anklam
1990 305 83,5 12,0 12,3 69,5 15,1 13,0 510
1991 179 49,5 91 4,4 22,0 8,0 8,8 281
1992 136 35,1 14,1 7,5 20,7 3.8 8,4 226
1993 144 42,4 12,4 7.8 17,2 4,9 5,0 234
1994 156 49,2 18,7 4,8 9,0 4,4 0,8 243
1995 88,0 43,4 13,5 11,4 4,6 2,9 1,5 165
1996 76,2 324 10,1 4,3 0,6 0,2 1,0 125
1997 67,6 28,1 3,7 4,2 1,2 0,4 0,5 106
1998 79,9 31,0 9.8 54 0,3 0,5 0,7 128

The total phosphorus (TP) influx from the river Oder was 4.920 tons in 1995 (HELCOM 1998) and
6.160 tons in 1996 (BOZEK & JAROSINSKI 1998). This means an annual influx into the German part
of the Oder Estuary of approximately 640 and 800 tons, respectively. In the same years the amount
of TP of the riverine and point sources from the German catchment area of the western Oder
Estuary was only 165 and 125 tons, respectively. Consequently, the main influx of phosphorus,
approximately 70 %, into the western Oder Estuary came via the river Oder in the mid-nineties.



4  Are there signs for an improved water quality in the Oder Estuary due to the
reduced pollution?

Most of the physical, chemical, and biological parameters show a significant gradient of
concentrations in the German Oder Estuary in north-south direction. In contrast to the salinity the
nutrient concentration decreases towards the Greifswalder Bodden. The German part of the
Szczecin Lagoon is characterized by a homogeneous waterbody with a high concentration of
nutrients and a low salinity. The northern part of the Peenestrom, especially between Achterwasser
and the point where the Peenestrom flows into the Greifswalder Bodden is the main area where the
runoff of the water of the Lagoon as well as the river Peene and the saline water moving in from
the Baltic Sea flow together and mix. This has already been proven by the evaluation of the
monitoring data taken in the period from 1972 to 1981 (SCHMIDT 1998).

To get a first overview of the changes of the nutrient concentration we summarized the data for the
periods of 1990-1993 and 1994-1997. The mean values of both periods have been compared.

As expected, the concentration of the dissolved inorganic nitrogen (DIN) didn’t change
significantly (Fig. 4). The mean values of DIN for the period from 1994 to 1997 are a little bit
higher than in the beginning of the nineties. This fact is especially visible on the station 74 at the
mouth area of the river Peene and caused by the high nitrogen influx of the river Peene in 1994

(Fig. 2).

DIN (umol/l
100 (Hmol/l)

80 A
[—11990-1993£1994-1997 | / \
60 A
I i
===

T T T T T T T T T T T T T T
19‘7‘8‘10‘20‘42‘48‘74‘()‘P‘O‘M‘K‘J

station

Figure4  Mean DIN concentrations in the western Oder Estuary 1990 — 1993 and 1994-1997

Another important aspect is the change of the concentration of the dissolved inorganic phosphorus
(DIP). It dropped to 30 — 40 % in the German part of the Szczecin Lagoon and in the upper part of
the Peenestrom from the first period in the beginning of the nineties to the second period from 1994
to 1997 (Fig. 5) caused by the reduced influx from the catchment area. In comparison the
concentrations of the DIP in the Greifswalder Bodden went down to only 40 - 50 %.
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Figure 5  Mean DIP concentrations in the western Oder Estuary 1990 — 1993 and 1994-1997

But it is not enough to blame only the reduced pollution from the catchment area of Mecklenburg-
Vorpommern for the dropping concentration of phosphorus in the German part of the Oder Estuary,
because of the fact, as mentioned previously, that the river Oder is the main source of the influx of
phosphorus. According to the German-Polish committee of ,,Grenzgewisser®, the pollution with
phosphorus dropped even in the river Oder within the last few years (UMWELTBUNDESAMT 1999).

Not only the concentration of DIP dropped but also the mean values of silicate went down (Fig. 6).
There has to be another reason for it, because silicate enters the Estuary via the same way as nitrate.
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Figure 6  Mean sililicate concentrations in the western Oder Estuary 1990 — 1993 and 1994-
1997

To keep an almost exact overview we calculated the mean summer nutrient concentration for every
year and compared them. In contrast to the wintertime only monthly data usually exist in the
summertime (01.04.-30.09.). During the summer flood of the river Oder in July/August of 1997
quality parameters of the water were measured weekly. Furthermore these summer values were
determined because of the fact, that the nutrient concentration during the summertime gives
information about phytoplancton species. So indicates a decrease of silicate the growth of
diatomeen.

After observing a minimum of silicate in the spring of 1995 caused by a diatomeen bloom there
was an unusual second one in the summer of the same year. The same observation of a low level of
silicate concentrations was made from June to August of 1996. The silicate minimum from June to
the middle of July in the following year was interrupted by the Oder Flood which reached the
German part of the Szczecin Lagoon at the end of July (ROPKE et al. 1998; FENSKE et al. 1998).



The flood led to higher concentrations of silicate and DIP but did not influence the DIN
concentrations. Already on September 3rd, 1997 we noticed a second minimum of silicate in the
Lagoon.

It is possible that the lower concentration of silicate in the summer during the last few years has
been caused by an intense diatomeen growth. We observed intensive diatomeen bloom manifested
with peak season in July and August since 1994. The mean silicate concentration in the western
Szczcecin Lagoon was 140 pmol/l in July and August of the years of 1990 to 1994 and only 15
umol/l in the period from 1995 to 1998. The estimation of phytoplancton on the station M showed
a mean summer biovolume of diatomeen of 5 mm®/1 from 1990 to 1994 with a dominance of
Skeletonema subsalsum The mean summer biovolume of diatomeen in the period from 1995 to
1998 was 9.35 mm3/l and consequently almost twice as high as in the beginning of the nineties.
Also the dominant species of diatomeen changed. Since August 1994 the phytoplancton at the
station M consists of approximately 70 % of Coscinodiscus rothii and we also observed an
expansion of diatomeen growth since 1995 which already started at this station in June.

We could prove a similar development in the Greifswalder Bodden (station 19) though on a lower
level. The mean silicate concentration of July and August was 35.5 umol/l in the period from 1990
to 1994 and 22.4 pmol/l between 1995 and 1998. The diatomeen growth reached a mean
biovolume of 0.16 mm?/I in the summer month in the beginning of the nineties compared with 0.6
mm?/l in the following period. But that was not due to a change of the diatomeen species, because
only small and hardly detectable centric species (5 - 8 pm diameter) dominated the diatomeen
bloom in the Greifswalder Bodden.

But the most changing parameter was the DIP. The mean summer values of the DIP dropped
considerably in the whole German part of the Oder Estuary. That was restricted to high polluted
areas in the western part of the Szczecin Lagoon and the Peenestrom in the early nineties. The Oder
Flood in 1997 caused a significant increase of the summer DIP concentrations but these
concentrations didn’t reach the values detected in 1990 and 1991 (Fig. 7). For the first time since
1990 the DIP concentrations were below the detection limit of 0.1 umol/l in the Greifswalder
Bodden and in the northern Peenestrom. If there was really a P-limitation of the algae growth in the
summer of 1998 can’t be only deduced from the measured concentrations of DIP. To confirm this
statement an algae growth test needs to be done.

But there are guidelines about the limitation of the algae blooms based on the ratio of DIN:DIP.
According to GERDES et al (1998) the correlation is given the following way:

relation of DIN:DIP >60 P-limitation
<20  N-limitation

20-60 N- and/or P-limitation.
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Figure 7  Summer DIP concentrations (umol/l) in the western Oder Estuary (1990 — 1998)

The ratio of DIN: DIP for the mean summer values fluctuated between 1 and 5 in the Greifswalder
Bodden and between 1 and 20 in the German part of the Szczecin Lagoon. That means there was a
significant N-limitation in the western Oder Estuary until 1993. In the following years, except in
1997, the ratio of DIN: DIP increased and was between 20 and 60. Because of that the algae bloom
was alternately limited by either N- or P-limitation.

An interesting fact in this connection is the correlation between diatomeen growth and the
concentration of phosphorus in the water. A drastic decrease of the P-load and the changing ratio of
DIN to DIP happened at the same time as the increase of the diatomeen growth.

Therefore it is very important to find out if the decreasing P-load has an effect on the
phytoplancton productivity. A simple analytical parameter which provides important informations
about the eutrophic status of the water is the chlorophyll-a concentration.

We observed a very positive tendency of the water quality in the river Peene. The mean
chlorophyll-a concentration dropped from 50 pg/l to less than 20 pg/l between 1992 and 1998 and
at the same time the Secchi depth increased from 60 - 80 cm to 140 - 150 cm (Fig. 8). In the same
period the mean summer values of chlorophyll-a went down from 120 pg/l to 60 pg/l in the
Peenestrom (42).
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Figure 8 = Mean Chlorophyll a concentrations and Secchi Depth in the river Peene (1990 — 1998)
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The same tendency of the concentration of chlorophyll-a was shown in the German part of the
Szczecin Lagoon (Fig. 9) but it was not as significant as in the river Peene whereas in the
Greifswalder Bodden the chlorophyll-a summer level as well as the Secchi depth didn’t change at
all. The reason is that the Secchi depth in the shallow pommeranian coastal waters is strongly
influenced by the resuspension of sediments caused by the wind.

But it is not right to blame only the slightly decreasing concentration of chlorophyll-a in the last
few years for the dropping productivity of the phytoplancton, because the growth of algae can
fluctuate considerably from year to year depending on factors like global radiation, temperature,
and zooplancton (SCHMIDT 1999). In this case a longer-term investigation needs to be done to
prove if it is possible to achieve a reduced bioproductivity in this stretch of water by a drastic
reduction of the influx of nutrients from the surrounding area.
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Figure 9  Mean summer Chlorophyll a concentrations (ng/l) in the western Oder Estuary (1990
—1998)

5 Heavy metals load

The measurements of heavy metals in the rivers, the sewage plants, and the Oder Estuary were
started in the mid-nineties. Riverine and point sources of heavy metals from the German catchment
area into the western Oder Estuary are shown for the year of 1995 (Tab. 4). Riverine pollution load
represents the main pollution source. The amount of the point sources is very low, mostly below 10
% (Hg, Cu, Zn, Cd) and 20 % (Pb, Ni).

Table 4 Heavy metals load (kg) going into the western Oder Estuary in 1995 (PLC-3)

Metal river: urban: sum
Peene Uecker Zarow Ryck Greifswald ~ Wolgast Anklam

Zinc 4.478 524 400 199 102 58 77 5.838
Copper 4.441 601 261 202 13,6 16 7| 5.542
Lead 226 65 33 23 61 8 16 432
Nickel 233 79 47 19 48 7 13 445
Cadmium 32 10 15 2 3 0,5 1 64

Mercury 23 11 2 2 0,2 0,03 0,04 38
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In February of 1995 we measured extraordinary high concentrations of copper and zinc in the river
Peene (24,3 pg/l Cu and 22,2 pg/l Zn). The calculated load for February of 1995 based on these
concentrations was 3.180 kg Cu and 2.900 kg Zn, that is 72 % and 65 % of the whole load for the
year. If the annual mean values of the concentrations of copper and zinc were calculated without
the extremely high values of February the resulting annual load was only 1.070 kg Cu and 1.440 kg
Zn in 1995. After the new calculation these values are in a better accordance with the calculated
loads of the following years (Tab. 5).

Table 5 Heavy metal influx (kg) from the river Peene and the river Uecker 1995-1998

river year Zinc Copper Lead Nickel Cadmium Mercury
Peene 1995 1.442% 1.073* 226 233 32 23
1996 1.938 743 317 286 25 12
1997 1.566 1.037 475 273 16 12
1998 1.597 732 (944) 284 26 17
Uecker |1995 524 601 65 79 10 11
1996 526 295 64 86 12 5
1997 557 314 176 46 7 4
1998 324 242 237 71 14 4

* without the values of February

Many times the amount of the trace elements cadmium and mercury was below the detection limit
or the elements could not be detected at all. Because of the fact that the concentration of these
elements was often below the detection limit the standard deviation could be higher than the one of
other elements.

The influx of heavy metals from the river Oder is described in the Third Baltic Sea Pollution Load
Compilation (HELCOM 1998). According to this report the heavy metal load of the river Oder
consists of approximately 388.000 kg Zn, 66.200 kg Cu, 55.120 kg Pb, 53.500 kg Ni, 3.150 kg Hg,
and 2.890 kg Cd. Assuming 10-15 % of these amounts reaches the German part of the Oder
Estuary the pollution load is significantly higher than the influx from the German catchment area.
The river Oder has been polluted by coal and copper mining, processing activities at some
industrial centres between Katowice and Glogow, and municipal sewage for many years. The
bottom sediments of the river Oder are heavily polluted mainly with zinc, copper, lead and
cadmium (HELIOS-RYBICKA et al. 1999).

The high pollution of the river Oder with heavy metals was also confirmed by investigations about
the heavy metal pollution of suspended matters (Tab. 6).
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Table 6  Quality target (QT) and mean values of heavy metals (mg/kg) in suspended matters
from the Oder Estuary (M; 19) and the rivers Peene, Uecker (1998), and Oder (1997)

Zinc  Copper Lead Nickel Chromium Cadmium Mercury
QT* 200 60 100 50 100 1,5 1,0
Oder ** 1.205 154 140 59 114 7,8 1,5
S. Lagoon (M) 937 100 122 37 57 43 1,0
G. Bodden (19) 816 93 95 22 37 2,2 0,49
Peene 332 35 39 17 26 1,0 0,51
Uecker 579 42 44 18 35 1,3 0,39

* = Quality target for suspended matters and sediments according to the
“Landerarbeitsgemeinschaft Wasser” (LAWA 1998)

** = collecting boxes for suspended matters (UMWELTBUNDESAMT 1999)

The measurements of heavy metal load in suspended material started in Mecklenburg-Vorpommern
in 1997. The separation of suspended matters by flow centrifuges and the detection of the heavy
metals were carried out in the Institute of Mineralogy of the University of Greifswald (EIDAM
1998).

Data about the pollution of the suspended matter with heavy metals are also available for the river
Oder at the measuring point Schwedt (UMWELTBUNDESAMT 1999). To collect a sufficient amount
of suspended matters there stationary collecting boxes were used. After comparing the data among
themselves and with the given data made by the “Landerarbeitsgemeinschaft Wasser” (LAWA) an
intense pollution of the river Oder and the Oder Estuary with heavy metals could be verified. The
suspended matters of the river Oder are noticeably more polluted with all heavy metals than the
ones of the rivers Peene and Uecker. The concentrations of all elements but especially of zinc,
cadmium, and copper were much higher in the river Oder near Schwedt than the given data. The
German part of the Szczecin Lagoon (station M) has the highest pollution with heavy metals within
the Pomeranian Boddens and lagoons (EIDAM et al., 2000). The concentration of heavy metals is
higher in suspended matters from the Szczecin Lagoon (M) as well as from the Greifswalder
Bodden than in the same material from the rivers Peene and Uecker. Only the concentration of zinc
is higher than the Quality target in the two most important rivers of the German catchment area of
the western Oder Estuary.

6 Summary

The pollution of the Oder Estuary with organic material and phosphorus caused by influxes from
running waters and sewage plants in Mecklenburg-Vorpommern dropped considerably. It was
possible to reduce the influx of organic material (BODs) to approximately 50 % and the influx of
phosphorus to 25 % in the period from 1990 to 1998. The pollution with nitrogen changed
significantly depending on the season but the tendency was the same within this period of time.
The amount of the influxes of nitrogen depends a lot on the current meteorological and
hydrological conditions in the catchment area.



14

Building and putting sewage plants into operation led to a drastic reduction of the influx of nitrogen
and phosphorus by municipalities and industrial factories. The main influxes via rivers are
therefore caused by diffuse sources which provide more than 90 % of the influx of nitrogen and
approximately 80 % of the influx of phosphorus.

The river Oder is mainly responsible for the pollution of the western German part of the Oder
Estuary with nutrients, because it provided approximately 60 % of the influx of nitrogen and 80 %
of the influx of phosphorus in 1995. But also in the river Oder a reduction of the pollution with
phosphorus is noticeable.

As a positive result of the reduced pollution with phosphorus the concentration of phosphorus
dropped considerably and the ration of N:P changed though the effect of the growth of the
phytoplancton in the western Oder Estuary is not visible yet. The reduced pollution with
phosphorus caused only in the river Peene a lower concentration of algae measured as chlorophyll-
a and an increase of the Secchi depth.

The influxes of heavy metals from the catchment area of Mecklenburg-Vorpommern are low
compared with the influxes from the catchment area of the river Oder. Approximately 85 — 95 % of
the pollution of the western part of the German Oder Estuary with heavy metals was provided via
the river Oder in the mid-nineties. Investigations about the pollution of suspended matters with
heavy metals revealed that there is a high pollution with zinc and cadmium in the Oder Estuary. In
comparison there is only a low contamination with copper, lead, and mercury. Nickel and
chromium don’t accumulate at all.
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Summary

The large (687 km?) and shallow (average depth 3.8 m) Oder (Szczecin) Lagoon and the
Pomeranian Bay (a part of the Baltic Sea) form the Oder estuary. The lagoon consists of the linked
Kleines Haff (small lagoon) and the Wielki Zalew (large lagoon). The Oder river causes severe and
ongoing pollution and is the major reason why especially the lagoon shows severe signs of
eutrophication. Depending on the classification system the lagoon is in a polytrophic or
hypertrophic and the Pomeranian Bay in a eutrophic state. The poor water quality hampers
recreation and tourism development and might cause problems with respect to the European Water
Framework Directive (WFD). Against this background German and Polish authorities carry out a
joint long-term water quality monitoring programme at 16 stations. The data of the period 1980 to
2000 was compiled and adjusted. A comprehensive overview of the spatial pattern and the long-
term development of water quality parameters in the Oder estuary is given. This information is
required as a background for the WFD as well as for coastal management purposes.

The Oder river load depends on the water discharge. Wet years, like the later 1980’s, cause a much
higher nutrient load. This is especially true for nitrogen, which additionally shows a slight long-
term load reduction between 1980 and 2000. Phosphorus loads decline significantly in the 1990’s.
The entering Oder river creates strong gradient and pronounced spatial pattern in the lagoon.
Between the nutrient concentrations in the lagoon and the bay we find steep gradients, too.

All long-term nutrient concentrations show a high annual and interannual variability. Nitrate
concentrations in the Wielki Zalew show a 50 % reduction. For the Kleines Haff and the bay a
reduction is not that obvious, but in all three systems a decease of summer concentrations is
observed. In the late 1990’s, total nitrogen concentrations in the Pomeranian Bay and the Kleines
Haff (less obvious) are nearly 50 % and in the Wielki Zalew 10-20 % lower compared to the early
1980’s.

In the lagoon, long-term phosphorus concentrations deceased by about 50 % after 1992. In the bay
a similar tendency is visible. This is in agreement with the riverine P load reduction. The annual
dynamics of phosphorus in the lagoon, with high summer concentrations, is outstanding compared
to other lakes and lagoons. This is especially true for the summer of the years 1989, 1990 and 1991.
Internal eutrophication, a release of phosphorus from polluted sediments during anoxic conditions,
contributed an extra load of 221 t P (1989), 347 t P (1990) and 117 t P (1991) into the Kleines Haff.
during a few weeks and increased the P-concentrations in the lagoon dramatically (SCHERNEWSKI
& WIELGAT 2001). This release exceeded the monthly Oder river load.

The lagoon acts as an efficient sink for silicate. Silicate concentrations decrease towards May and it
becomes a scarce resource. The same is true for phosphorus in spring and for nitrogen in summer.
The duration of the nutrient depleted increased during the 1990’s, but usually even intensive
phytoplankton blooms do not deplete nutrients in the lagoon entirely. Due to self-shading effects
and high water turbidity as a result of sediment resuspension, light is the most important resource
in the lagoon. In the Pomeranian Bay nutrients, especially nitrogen, play a more important role as
limiting resources for algae biomass.
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1 Introduction

Along the southern Baltic Sea coast and especially on the islands of Usedom and Wolin located in
the Oder estuary, bathing and summer tourism has a long tradition and is the most important
economic factor, both on the German and Polish side of the border. The island of Usedom, for
example, registered over 5 Mio guest overnight stays in 2000. At the same time this region suffers
from severe economic problems, with a high rates of unemployment e.g. above 20 % on the
German side. Further growth in tourism industry is desired and regarded as the most important
measure to abate the economic problems. Therefore considerable efforts are undertaken to extend
tourism towards the hinterland and to develop the lagoon coasts of the. Especially the shallow Oder
(Szczecin) Lagoon with its high water temperatures (often above 20° already in May) is generally
suitable and competitive for bathing. Right now, severe signs of eutrophication and insufficient
water quality are a main obstacle for further tourism development around the lagoon and a
sustainable economic development (SCHERNEWSKI & STERR 2002). The EC - Water Framework
Directive (WFD) is an important law aiming at a good water quality. Its implementation is
important for the sustainable environmental, social and economical development of the region, but
requires a lot of background information.
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Figure 1.1: The Oder estuary at the German/Polish border

Our aim is to give a comprehensive overview about the temporal development of hydrochemical
and trophic parameters in the Oder Lagoon during the last decades. We further show the spatial
pattern and structures resulting from internal processes in the lagoon as well as the impact of the
Oder river. Background is a compiled German-Polish database based on the existing monitoring
programmes. This processed and analysed data is meant to serve as background manual for the
definition of water bodies, reference conditions and water quality aims within the WFD.
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2 The Oder river load

The Oder-catchment has a surface area of about 120,000 km®. With a length of 854 km and a long-
term average water discharge of 574 m?/s the Oder river belongs to the five most important rivers
in the Baltic region. The Oder contributes about 4 percent to the 15,000 m?/s water discharge,
which enter the Baltic Sea (HELCOM 2002). The population of about 13 Mio inhabitants and
intensive agricultural utilization are responsible for the high nitrogen and phosphorous loads of the
Oder river. Between 1994 and 1998 the Oder contributed more than 10 % of the phosphorus load
and nearly 10 % of the nitrogen load into the Baltic Sea.
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Figure 2.1: Oder river discharge and annual nitrogen load (NH4-N and NO;-N) near Schwedt, 116
km upstream (BEHRENDT et al. 1999).
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Figure 2.2: Oder river dicharge and annual phosphorus load (PO4-P und P, ) near Schwedt, 116 km
upstream (BEHRENDT et al. 1999).

The nitrate load (Fig. 2.1) is closely linked to the water discharge. The higher the discharge, the
higher the nitrogen loads. The observed nitrate concentration of about 2.5 mg/l in the river was
stable between 1986 and 1998 (HELCOM 2002) due to the fact that ground water is the major source
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for nitrogen in the river. Ground water is not effected by short-term changes in land-use and
agricultural practise. The river discharge is a result of the amount of precipitation in the river
catchment which has direct impact on the ground water flow. Therefore, wet years cause high
nitrogen loads. This is overlaid by a slight long-term tendency towards reduced loads.

With respect to phosphorus, the relationship between discharge and load is not that close. Human
activity and sewage are the major source of phosphorus for the Oder. Between 1986 and 1998 the
phosphate concentration decreased from about 0.2 mg/1 to 0.08 mg/l (HELCOM 2002). Especially in
the early 1990’s, a reduction of the phosphorus loads is observed and cannot be attributed to dry
years alone. The political and economical changes in Poland during this period played a major role
for this load reduction.

Detailed information on nutrient loads into the Kleines Haff are given by BACHOR & SCHOPPE
(2004). A comprehensive overview of point and diffuse sources in the lower Oder river catchment
is provided by WIELGAT (2002).

3 The Oder (Szczecin) Lagoon

The Oder or Szczecin Lagoon is a large (687 km?) and shallow (average depth 3.8 m) coastal flow
lake and a major element of the Oder river estuary. The lagoon consists of two main parts — the
Kleines Haff (small lagoon) on the German side and the Wielki Zalew (large lagoon) located on
Polish territory (Fig. 3.1). The Wielki Zalew covers about 60 % of the area and volume. The
theoretical water exchange time of the entire lagoon is about 2 months. The western Kleines Haff
receives only between 10 % and 20 % of the Oder river water (MOHRHOLZ & LASS 1998) and has a
slightly higher water exchange time. The Oder river enters in the southern Wielki Zalew and the
river water is modified by processes in the lagoon before it finally enters the Baltic Sea via three
outlets in the north.
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Figure 3.1: Bathymetry of the Oder Lagoon. Data supplied by K. Bruckmann, Greifswald.
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4 Salinity

The Pomeranian Bay shows a fairly stable salinity with about 6 %, (PSU) and can be addressed as
mesohalin. The Wielki Zalew, especially the area of the Swina channel in the northern lagoon is
influenced by water of the Pomeranian Bay (Fig. 4.1). Strong wind and higher water levels during
the winter semi-annual allow a prenetration of Pommeranian Bay water with higher salinitiy along
the shipping channel into the lagoon and increases the salinity in the lagoon temporarily up to 6 %,
(Fig. 4.1). Most parts of the Wielki Zalew as well as the Kleines Haff show an average salinty
around 2 PSU and are oligohalin. Despite that, the penetration of salt water into the lagoon causes
an annual cycle with higher salinity during winter and and a reduced salinity in summer (Fig. 4.2).
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Figure 4.1: Salinity (PSU) in the Kleines Haff (top) and the Pomeranian Bay (bottom) between
1980 and 2000. The line indicates the moving average. Data source: State Agency of

Environment, Protection of Nature and Geology Mecklenburg-Vorpommern (LUNG)
and West Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).
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Jahresgang der Salinitat im Kleinen Haff
Jahre 1990 - 1999

Jahresgang der Salinitat im Kleinen Haff
Jahre 1980 - 1989
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Figure 4.2: Annual course of salinity (%,) in the Kleines Haff (top), the Wielki Zalew (middle)
and the Pomeranian Bay (bottom). The figures refer to the periods 1980 — 1989 (right)
and 1990 — 1999 (left). Data source: State Agency of Environment, Protection of
Nature and Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian
Voivodeship Inspectorate in Szczecin (WIOS).

The spatial pattern in the Oder Lagoon shows south-north gradients due to the mentioned
penetration of Pomeranian Bay water in the north and the fresh water discharge by the Oder river in
the south. In several months a weak effect of the penetration of saline Baltic water through the
Peenestrom into the western Kleines Haff is likely, too.
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Figure 4.3: Average (median) spatial pattern of salinity between April and November. Data
source: State Agency of Environment, Protection of Nature and Geology
Mecklenburg-Vorpommern (LUNG) and West Pomeranian Voivodeship Inspectorate
in Szczecin (WIOS).
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Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian Voivodeship

Pomeranian Bay (bottom) between 1980 and 2000. The line indicates the moving
average. Data source: State Agency of Environment, Protection of Nature and
Inspectorate in Szczecin (WIOS).

Nitrate-N (umol/l) in the Kleines Haff (top), Wielki Zalew (middle) and the

Figure 5.1
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Figure 5.2: Annual course of Nitrate (umol/l) in the Kleines Haff (top), the Wielki Zalew (middle)
and the Pomeranian Bay (bottom). The figures refer to the periods 1980 — 1989 (right)
and 1990 — 1999 (left). Data source: State Agency of Environment, Protection of
Nature and Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian
Voivodeship Inspectorate in Szczecin (WIOS).

Neither the nitrate concentrations in the western lagoon (Kleines Haff), nor concentrations in the
Pomeranian Bay show clear long-term changes during the years 1980 and 2000 (Fig 5.2). The
processes within the systems cause a pronounced variability of the concentrations between and
within years, which cover long-term chances. The reduction of the nitrogen loads in the Oder river
during the two decades causes an obvious reduction in the Wieli Zalew, especially in areas which
are strongly influenced by the Oder river. But even this strong trend of a 50 % reduction of the
nitrate concentrations in the Wieleki Zalew, well visible in the moving averge, is covered by a
strong variability and the highest recoreded concentrations are found only in the 1990’s. The more
detailed comparison of the median nitrate contentrations between the single months in the 1980’s
and the 1990’s reveals, that a certain reduction of the concentrations took place in all three systems
(Fig. 5.3).
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Figure 5.3: Differences in median nitrate-N concentrations (umol/l) between the 1990’s compared
to the 1980’s in the Kleines Haff, the Wielki Zalew (Grosses Haff) and the
Pomeranian Bay (Bucht). Data source: State Agency of Environment, Protection of
Nature and Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian
Voivodeship Inspectorate in Szczecin (WIOS).

The annual dynamics of nitrate concentrations in all three systems reflects the biological activity in
these systems. During winter we find the highest concentrations and a steady decrease towards the
summer season, when nitrate is taken up by phytoplankton and largely depleted in the water
column. Nitrate is a major nutrient for the flora and during summer stored in form of organic
compounds (Fig. 5.2). The comparison between the annual nitrate dynamics in the 1980’s and the
1990’s shows that the summer concentrations in all three systems decreased during the 1990’s. In
the Wielki Zalew nitrate is still abundant during summers in the 1990’s. In the Kleines Haff and
especially in the Pomeranian Bay nitrate is depleted during summer in the 1990’s, dropped, at least
for a short term, below the analytical detection limit and became a scarce resource for
phytoplankton.

The spatial pattern of nitrate concentrations in the Oder Lagoon is in dominated by the discharge of
the Oder river into the south-eastern part of the Wielki Zalew (Fig. 5.4, 5.5). The concentrations
show a reduction with increasing distance from the river mouth. Exceptions are the month April
and May during the 1980°s (Fig. 5.5), where high concentrations occur at a single sampling
location in the Kleines Haff. It is possible that mineralization and transport processes are
responsible for this effect, but due to the weak data basis we abandon the interpretation.

The discharge of lagoon water into the Baltic Sea via the Swina channel shows only in spring
pronounced gradients. At that time the concentrations in the lagoon are very high and the uptake by
phytoplankton is still limited. This is different in other seasons and the permanent mixing with
Baltic Sea water prevents stable gradients.
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Environment, Protection of Nature and Geology Mecklenburg-Vorpommern (LUNG)

and West Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).
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Figure 5.5: Average (median) spatial pattern of nitrate-N concentrations (umol/l) between April
and November during the period 1980-1989. Data source: State Agency of
Environment, Protection of Nature and Geology Mecklenburg-Vorpommern (LUNG)
and West Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).
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Ammonium-N (umol) in the Kleines Haff (top), Wielki Zalew (middle) and the
Pomeranian Bay (bottom) between 1980 and 2000. The line indicates the moving
average. Data source: State Agency of Environment, Protection of Nature and

Figure 5.6

Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian Voivodeship

Inspectorate in Szczecin (WIOS).
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Figure 5.7: Annual course of ammonium (pmol/l) in the Kleines Haff (top), the Wielki Zalew
(middle) and the Pomeranian Bay (bottom). The figures refer to the periods 1980 —
1989 (right) and 1990 — 1999 (left). Data source: State Agency of Environment,
Protection of Nature and Geology Mecklenburg-Vorpommern (LUNG) and West
Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).

Source for ammonium are the mineralization of organic matter and the input with the Oder river.
The moving average concentrations between 1980 and 2000 does not show a significant tend (Fig.
5.6). More detailed comparisons of the median ammonium concentrations between single month of
the 1980’s and the 1990’s suggest, that a small reduction of the concentrations took place in all
three systems (Fig. 5.8). Due to the high variabilty of the data this reduction remains uncertain.
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Figure 5.8: Differences in median ammonium-N concentrations (umol/l) between the 1990’s
compared to the 1980’s in the Kleines Haff, the Wielki Zalew (Grosses Haff) and the
Pomeranian Bay (Bucht). Data source: State Agency of Environment, Protection of
Nature and Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian
Voivodeship Inspectorate in Szczecin (WIOS).

The annual dynamic of the ammonium concentrations in all three systems reflects the biological
activity in these systems and is similar to the observations concerning the nitrate concentrations.
During winter we find highest concentrations and a steady decrease towards the summer season,
when ammonium is taken up by phytoplankton and largely depleted in the water column (Fig. 5.7).
Ammonium is the preferred nitrogen source for phytoplankton and during summer stored in form
of organic compounds. The comparison between the annual ammonium dynamics during the
1980’s and the 1990’s show similarities to nitrate, as well. The summer concentrations in all three
systems decreased during the 1990’s. In the Wielki Zalew ammonium is still available during
summers in the 1990’s. In the Kleines Haff and especially in the Pomeranian Bay ammonium in the
1990’s is depleted during summer and a scarce resource for phytoplankton.

The spatial pattern of ammonium concentrations in the Oder Lagoon is in dominated by the
discharge of the Oder river into the south-eastern part of the Wielki Zalew (Fig. 5.9, 5.10). The
concentrations show a fast reduction with increasing distance from the river mouth. During spring
and summer an immediate ammonium uptake by phytoplankton takes place before the water enters
the lagoon. In October and November, when biological uptake is minor, larger amounts of
ammonium spread further into the lagoon. But even then, mineralization processes cause a
transformation into nitrate and limit higher concentrations to the immediate river mouth.

The spatial ammonium concentrations in the immediate river mouth reflect the reduction of the
Oder river loads well (Fig. 2.1).
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Figure 5.9: Average (median) spatial pattern of ammonium-N concentrations (umol/l) between
April and November during the period 1990-1999. Data source: State Agency of
Environment, Protection of Nature and Geology Mecklenburg-Vorpommern (LUNG)
and West Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).
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Figure 5.10: Average (median) spatial pattern of nitrate-N concentrations (umol/l) between April
and November during the period 1980-1989. Data source: State Agency of
Environment, Protection of Nature and Geology Mecklenburg-Vorpommern
(LUNG) and West Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).
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5.3 Total-Nitrogen
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Total nitrogen (umol) in the Kleines Haff (top), Wielki Zalew (middle) and the
Pomeranian Bay (bottom) between 1980 and 2000. The line indicates the moving

Figure 5.11

average. For the Kleines Haff and the Pomeranian Bay only one sampling location

of Nature and Geology Mecklenburg-Vorpommern (LUNG) and West Pomeranian

was considered (KHM, OB4). Data source: State Agency of Environment, Protection
Voivodeship Inspectorate in Szczecin (WIOS).
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Figure 5.12: Annual course of total nitrogen concentrations (umol/l) in the Kleines Haff (top), the
Wielki Zalew (middle) and the Pomeranian Bay (bottom). The figures refer to the
periods 1980 — 1989 (right) and 1990 — 1999 (left). Data source: State Agency of
Environment, Protection of Nature and Geology Mecklenburg-Vorpommern

(LUNG) and West Pomeranian Voivodeship Inspectorate in Szczecin (WIOS).
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Figure 5.13: Changes of total nitrogen concentrations (umol/l) in the Wielki Zalew (large lagoon)
between 1980-1989 and 1990-1999 (left). Data source: West Pomeranian
Voivodeship Inspectorate in Szczecin (WIOS).
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35-45 %, ammonium 5-10 % and organic compounds about 50-60 % to the total nitrogen
concentration in the lagoon and the bay. During winter the inorganic nitrogen fractions in the
lagoon have a share of up to more then 70 % of the total nitrogen concentration. During summer
inorganic nitrogen compounds play only a minor role. Similar to nitrate and ammonium, the N;
concentrations in the lagoon are during summer twice as high as in the bay. In winter the lagoon
shows concentrations which exceed the one in the bay by 3-4 times.

A long-term trend in total nitrogen concentrations is visible only in the Pomeranian Bay, where the
concentrations decline by nearly 50 % (Fig. 5.11). This is not well reflected in the nitrate
concentrations and remains uncertain due to the strong variability of the data. But it indicates that
mainly the concentration of the organic nitrogen fraction has decreased during the last decades. In
the Kleines Haff the Nitrogen reduction is close to 50 %, too, but not that well visible and certain.
For the Wielki Zalew a reduction of the total nitrogen concentrations in the range of 10-20 % is
indicated by the data. (Fig. 5.13).

The annual dynamics of Ny, with high concentrations in winter and low concentrations in summer,
is most pronounced in the lagoon. It clearly shows that not all inorganic nitrogen which is available
in winter, is transferred to organic compounds in summer. Significant amounts are obviously lost
from the water column due to sedimentation and denitrification. In spring, the lagoon warms up
fast and allows an early algal bloom with increased nitrogen consumption. In opposite, the bay is
very much influenced by water exchange processes with the open Baltic Sea and remains cooler in
spring. Therefore, the on-set of algal blooms occur later in spring and cause a delay in nutrient
uptake compared to the lagoon.

Similar to the inorganic nitrogen compounds, the spatial pattern of total nitrogen concentrations in
the Oder Lagoon are dominated by the discharge of the Oder river into the south-eastern part of the
Wielki Zalew (Fig. 5.14).
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Figure 5.14: Average (median) spatial pattern of total nitrogen concentrations (umol/l) between
April and November during the period 1990-1999. Data source: State Agency of
Environment, Protection of Nature and Geology Mecklenburg-Vorpommern
(LUNG) and West Pomeranian Voivodeship I