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Abstract  The Vistula Lagoon – one of the main recipients of the central and eastern parts of the Vistula 
delta – is not homogeneous in terms of its hydrodynamics and hydrochemistry. In the southern part a separate 
hydrographic object – the Gulf of Elbląg – can be delimited. This delimitation is due to different morphometric 
and hydrometeorological conditions that prevail in this part of the Vistula Lagoon. In order to determine the 
nature of the waters, measurements of the selected physico-chemical properties, including chlorides, as well 
as control hydrological measurements were performed in the years 1997–2007. The study area included the 
water of the Gulf of Elbląg, the estuary stretch of the Elbląg River, the watercourses flowing from the Elbląg 
Plateau and the polder areas surrounding the Gulf of Elbląg. One measurement point was located on the Vistula 
Lagoon. The chloride values in the Gulf of Elbląg ranged from 20 to 2015 mg·dm-3. The results may indicate 
that the Gulf of Elbląg is a reservoir under the hydrodynamic and hydrochemical influence of both the Vistula 
Lagoon and the watercourses in its mouth, as well as the Vistula delta and the Elbląg Plateau. They dictate the 
seasonal nature of the waters of the Gulf of Elbląg.
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INTRODUCTION

The Baltic Sea including Vistula Lagoon is locat-
ed in the temperate climate zone. It is almost wholly 
surrounded by land and is almost completely tideless. 
The freshwater influx averages 470 km3 year− 1 and the 
ocean water influx averages 430  km3 year−  1, which 
makes the Baltic a brackish water body (Thulin, An-
drushaitis 2003). The average salinity along its south-
ern shore is 75 g kg− 1, with a range between 20 g kg− 1 
and 90 g kg− 1. Storms at sea as well as low freshwater 
levels on land cause periodic intrusions of brackish 
water into freshwater bodies (Jasińska 1997; Pitkänen 
2001; Cieśliński, Drwal 2005; Drwal, Cieśliński 2007; 
Gamo et al. 2007; Tarkhov, Treivish 2007).

Not only do intrusions cause the influx of seawa-
ter into coastal freshwater bodies, they also halt the 

flow of water from land-based sources. This results in 
both large- and small-scale flooding (Hall, Andersen 
2002; Pizarro et al. 2007), and increases the salinity 
of freshwater bodies and wetlands (Cieśliński, Drwal 
2005; Drwal, Cieśliński 2007). Given their sporadic 
nature, major intrusions must be treated as extreme 
events; these, too, are characteristic of the southern 
Baltic shore (van den Brink et al. 2005).

The Vistula Lagoon, sometimes called Świeży 
(Fresh) or Fryski Lagoon, is the second largest la-
goon in the coastal zone of the southern Baltic. Due 
to its position it belongs to the category of transition-
al water bodies between land and sea waters. Based 
on the typology of water in Poland, it can be classi-
fied as a transition water body of a lagoon character 
(Krzymiński et al. 2004). Majewski (1994) calls this 
type of water body an estuary. The Vistula Lagoon 
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was once one of the main recipients of the River 
Vistula. After cutting off the Vistula River’s delta 
branches from the main channel, the role of the ma-
rine factor greatly intensified in the Vistula Lagoon 
(Kowalik 2016). Currently, it is almost closed. The 
only contact with the sea waters is via the Strait of 
Baltiysk in the eastern part of the Vistula Lagoon, in 
the territory of Russia. Today, water regime and eco-
logical status Vistula Lagoon are highly dependent on 
the river inflow coming from its catchment (Hesse et 
al. 2015). 

The lagoon can be considered as an example of 
the geosystem that shows the impact of both the sea 
as well as the land-based background, which are 
compounded by the human activity (Chubarenko, 
Tchepikova 2001). The term geosystem should be 
understood as a spatial entity that has an indefinite 
taxonomic rank (Kostrzewski 2016). The functioning 
of a geosystem includes the relationships that exist 
between its elements and subsystems as well as geo-
systems situated in the vicinity. The conditions of the 
functioning of a geosystem include: geographic loca-
tion, geology, topography, climate, water cycle, fau-
na and flora and human activity (Kostrzewski 2016). 
This paper focuses on two conditions, namely climate 
and water cycle.  

The aim of this study was to determine the periodic 
salinity variation of the Gulf of Elbląg. This volatility 
will be the basis for assessing the nature of the waters 
of the Gulf. On its basis it is possible to determine 
whether in specific hydrometeorological conditions 
the water of the basin takes more of a maritime char-
acter or more inland.

HYDROGRAPHIC SETTING OF THE STUDY 
AREA 

The Vistula Lagoon  (Fig. 1) is one of the main re-
cipients of the water from the central and eastern parts 
of the Vistula delta. According to Cieśliński (2004), it 
is a longitudinally elongated rectangle basin. Its length 
is approximately 90.7 km and the average width meas-
ured from the Vistula Żuławy to the Sambian Penin-
sula and the mouth of the River Pregolya – 9.2 km. Its 
area is 838.0 km2 (Schiewer 2008). This water body is 
separated from the Baltic Sea with the Vistula Spit of 
a length of about 50 km. The only connection between 
the Vistula Lagoon and the Bay of Gdańsk is through 
the Strait of Baltiysk, which is approx. 2 km long, ap-
prox. 400 m wide and from 8 to 12 m deep (Schiewer 
2008). The Vistula Lagoon is a very shallow water 
body with a shallow basin. Its average depths are only 
2–3 m (Fig. 1). Only along the channel running across 
this water body the depths reach the values greater than 
3.0 m and a maximum of 5.2 m (Chubarenko et al. 
2008). The reservoir capacity is estimated at 2.3 km3 

of water mass, of which 1.5 km3 (64.0% of the total 
volume) falls for the eastern part.

The Vistula Lagoon was created by cutting it from 
the Baltic Sea by the Vistula Spit developed about 
6 000 years ago (Littorina Sea) (Kowalik 2016) (Fig. 
2). Originally, the Lagoon connected with the exten-
sive backwaters and marshes inside the Vistula delta 
and had at least periodic connection with the Baltic 
Sea (Chechko et al. 2015) (Fig. 3). The Vistula La-
goon took the present form after the development of 
the spit into a continuous strip of land and filling the 
Vistula delta with deposits and its gradual draining 
observed since the fifteenth century (Kowalik 2016). 
From digging the canal across the Vistula Spit in 1497 
in the vicinity of Pilava (now Bałtijsk) the Vistula La-
goon is in constant contact with the Baltic Sea.

The Gulf of Elbląg is the southernmost part of 
the Vistula Lagoon. Nowakowska Island, the west 
boundary of the Gulf of Elbląg, was the final prod-
uct of the accumulation process of the Vistula delta. 
Gold Island, the northern section of the Nowakowska 
Island and presently a part of a nature reserve, is over-
grown with reeds and is still developing as a result of 
terrestrialisation.

In the southern part of the Vistula Lagoon a sepa-
rate hydrographic object can be delimited which is 

Fig. 1  Bathymetry of the Vistula Lagoon (Witek et al. 
2001)

Fig. 2  Vistula Lagoon (Cieśliński 2004 – revised)
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the Gulf of Elbląg. This delimitation is due to differ-
ent morphometric and hydro-meteorological condi-
tions that prevail in this part of the Lagoon. In the lit-
erature to date the measurement of salinity variation 
was limited to seasonal sampling across the Vistula 
Lagoon. No trial yet has been undertaken to detailed 
salinity values for its southernmost bay. Through the 
collected data, though, it is impossible to estimate the 
nature of the waters of the southern basin. 

The Vistula Lagoon’s catchment area is 23,870.6 
km2 (Fig. 4). It is located predominantly in Poland: 
14,757 km2, and some parts are in Russia (the Ka-
liningrad Oblast’) and Lithuania (the eastern part of 
the catchment of Lake Vištytis). As a result of almost 
latitudinal course of the Pregolya, the largest river 
flowing into the reservoir, it is asymmetrically devel-
oped to the east. The western border of the catchment 
is the Vistula. The southernmost area of ​​the catch-
ment basin is the catchment of the River Pasłęka. 
The Pregolya basin takes almost 63% of the catch-
ment of the Vistula Lagoon (Chubarenko et al. 1998). 
The Pregolya and its tributaries make a lowland river 
system of a high water character throughout the year. 
The second longest river is the Pasłęka whose basin is 
slightly less than 10% of the catchment area. On the 
Polish side the basin of the Vistula Lagoon also in-
cludes the catchments of the rivers Elbląg, Nogat and 
Szkarpowy and Tuga, and from the Russian side – the 
drainage basin of the Prochladna. Through the rivers 
Pregolya and Dejma the Vistula Lagoon connects to 
the Curonian Lagoon and the Neman River.

The hydrographic system of the Vistula Lagoon 
catchment is quite varied. There are numerous rivers, 
lakes and springs. In large part these are wetlands. 
The regime of the estuary sections of rivers flowing 
into the Vistula Lagoon, due to a slight slope along 
their riverbeds, is affected by the states in the La-
goon waters. For example, the backwater caused by 
the water impoundment from the Lagoon to the Pre-
golya reaches 60–70 km upstream (Chubarenko et al. 
2004).

The Vistula Lagoon is a shallow body of water 
with a very disproportionate spread of water resourc-
es in relation to the place of water exchange with the 
Baltic Sea, i.e. the Strait of Baltiysk. The movement 
of water from the western part of the lagoon is very 
difficult. The rivers in this part of the Lagoon are lo-
cated proportionally further than the rivers located in 
the eastern part. The main “drive” responsible for ap-
prox. 80% of the water inflow into the Vistula Lagoon 
is the horizontal movement of the Baltic waters. The 
water fluctuations in the Lagoon, including the effects 
of wind, can be as high as 1.3 m over a period of one 
month in November (according to the Baltic Sailing 
Directions). It is conceivable that the inflow of waters 
from the Gulf of Gdańsk additionally “inhibits” the 

Fig. 3  Vistula Lagoon at the beginning of the 13th c. (Ber-
tram 1924)

Fig. 4  Catchment basin of the Vistula Lagoon (Witek et 
al. 2001 – revised)

movement of the water from the Polish part of the 
Vistula Lagoon, so the water from the rivers Elbląg 
or Nogat reach the open sea much later than the water 
coming from the rivers Pregolya and Pasłęka. In addi-
tion, we are dealing with an important modification of 
the Baltic horizontal movements of water when pass-
ing through the narrow Strait of Baltiysk. The role of 
this sea passage as a “bottleneck”, the operation of 
which can be compared to the phenomenon of a drain 
trap, inhibits and delays the effects of tides (Bielecka 
et al. 2003; Bielecka, Różyński 2014). Namely, when 
the waters of the Gulf of Gdańsk raise, the difference 
in water levels in relation to the waters of the Lagoon 
is aligned by a strong current directed into the Lagoon, 
while the sinking of the Baltic Sea causes the Lagoon 
water flow with a delay into the sea, creating a strong 
current in the strait in the opposite direction (Fig. 5). 
However, the effects of this “washing” of the Strait of 
Baltiysk in both directions refer only the closest parts 
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of the Lagoon, i.e. the Russian part. Farther to the 
west, the horizontal currents levelling the water of the 
Lagoon with the Gulf of Gdańsk are “extinguished” 
and thus its westernmost part of the Vistula Lagoon, 
adjacent to the Vistula Żuławy, may be referred to as 
“stagnating” (Bielecka, Różyński 2014). According 
to Bielecka and Kazmierski (2003), the rate of water 
exchange in the western part of the Polish section of 
the Lagoon is about one year.

One of the water bodies delimited in the Vistula 
Lagoon is the Gulf of Elbląg (Fig. 6). It is the south-
ernmost part of the Vistula Lagoon. It has a rectangu-

lar shape with a length of 7.5 km and a width of about 
1.0 km. Its surface is small and has only 7.0 km2. The 
entire body of water is very shallow. The average 
depth is 1.0–1.5 m. Only at the border of the Gulf 
and the open waters of the Vistula Lagoon, there are 
depths of 2.0 m. Its delimitation is associated with 
different hydrological and hydrochemical conditions. 
The impact on the Gulf of Elbląg is exerted not only 
by the Vistula Lagoon, but also by the terrestrial hin-
terland in the form of potamic runoff from the Vis-
tula delta and the Elbląg Plateau as well as the water 
drained from the polders surrounding the Gulf.

At favourable hydro-meteorological conditions 
the waters of the Vistula Lagoon can flow into the 
land water bodies. The hydrographic system of the 
Gulf of Elbląg – the Elbląg River – Lake Drużno is 
particularly vulnerable to such impact.

MATERIAL AND METHODS

The major studies were related to fieldwork, dur-
ing which water was sampled at the selected hydro-
graphic sites for further laboratory analyses, including 
chloride concentration, and flow rate measurements. 
Water samples were collected at three measurement 
points (Fig. 7):

- in the waters of the Gulf of Elbląg at the Batorowo 
profile,

- on the river Elbląg near its mouth to the Gulf of 
Elbląg in Nowakowo,

- in the Vistula Lagoon, near the settlement of 
Tolkmicko.

Laboratory analyses were performed using an 
ion chromatograph DIONEX ICS 1100. Observa-
tions at measurement points were conducted in the 
years 1997–1999 and 2002–2007 in various hydro-
meteorological situations. Flow measurements for all 
tributaries were carried out by profiling flow-meters 
StreamPro ADCP and WorkHorse Rio Grande 1200 
kHz ZedHed DR ADCP by RD Instruments (river 
Elbląg), and with an electromagnetic flow - meter 
VALEPORT 801 with a flat sensor.

The conducted field studies were supplemented by 
data gathered during the query of source materials, 
such as the Żuławy Board of Land Reclamation and 
Water Units in Elbląg and the Regional Inspectorate 
for Environmental Protection in Elbląg and Olsztyn.

RESULTS

The watercourses feeding the Gulf of Elbląg are re-
sponsible for its potamic inflow (see Fig. 6). They are: 
the Elbląg – supplies water from the side of the Vistu-
la delta and is the main hydrographic axis of the area, 
as well as the Kamienica, Kamionka and Dąbrówka – 
watercourses draining the Elbląg Plateau. According 

Fig. 5  Water velocity distribution in the Vistula Lagoon 
during an influx of water from the Baltic Sea (top figure) 
and its outflow (bottom) (Bielecka et al. 2003)

Fig. 6  Reference map of the Gulf of Elbląg



125

to Łazarenko and Majewski (1975), the average water 
flow in the river Elbląg is 6.28 m3•s-1. Bogdanowicz 
(2007), however, estimates the average long-term 
flow of the Elbląg at 6-10 m3•s-1. These values are 
reflected in the data from the Regional Inspectorate 
for Environmental Protection in Olsztyn, which were 
collected on their behalf and were based on a number 
of flow measurements on various rivers, including the 
river Elbląg in 2007 and 2008. The average flow val-
ue for those two years was 8.6 m3•s-1. On the basis of 
the author’s own measurements made in 2002–2007, 
this flow ranged from 6 to 12 m3•s-1 when towards 
the Gulf of Elbląg, and from 10 to 12 m3•s-1 when 
towards the hinterland (during storms). The flow 
value in the watercourses draining the upland ranges 
from 0.07 to 0.09 m3•s-1. The author’s own measure-
ments in 2002–2007 confirm these data. During this 
period the flow in these streams ranged from 0.05 to 
0.11 m3•s-1. These values are presented in Table 1. 
The forced water transfer to the Gulf of Elbląg comes 
from the polders. Of the three polders located in the 
immediate vicinity, only two –Nowakowo-Batorowo 
and Rubno “W” –regularly discharge water. The pol-
der Jagodno does not discharge water. The average 
annual discharge at multi-year period 2006–2011 was 
approximately 9.2 million m3 (0.29 m3•s-1) (Table 2).

There has been no data on the polder Jagodno for 
over 6 years, which suggests it was excluded from 
draining the area adjacent to this part of the Gulf of 
Elbląg. The estimated value of the forced inflow to 
the Gulf of Elbląg is approx. 9.2 million m3 for the 
years 2006–2011. 

The results are based on bar graphs, which are 
shown in Figure 8. The range of measured values for 

Fig. 7  Measurement points

the two sites (river Elbląg, Nowakowo site and the 
Gulf of Elbląg, Batorowo site) was very close to each 
other. These values were, respectively, 20 and 1197 
mg•dm-3, as well 26 and 1287 mg•dm-3. In the case of 
the site located on the Vistula Lagoon, the Tolkmicko 
site, the range of tested concentrations of chloride 
was 805–2015 mg•dm-3. The extreme values ​​corre-
spond to the minimum and maximum values (Fig. 
9). Amplitudes in all three points were very close to 
each other and were as follows: 1177 for the river 
Elbląg, 1261 for the Gulf of Elbląg and 1210 for the 

Fig. 8  Concentrations of chloride ions (mg•dm-3) in the 
measurement points in the years 1997–2007

Fig. 9  Selected chloride values at the measurement points
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Vistula Lagoon. The average concentrations of chlo-
ride were as follows: for the site on the river Elbląg: 
294 mg∙dm-3, for the site on the Gulf of Elbląg: 355 
mg•dm-3, and for the site located on the Vistula La-
goon: 1365 mg•dm-3.

According to the Regional Inspectorate for Envi-
ronmental Protection in Elbląg, chloride concentra-
tions range from 567 mg•dm-3 to 5485 mg•dm-3. The 
seasonally lowest concentration of chlorides occur 
during spring surface run-off from the catchment, 
while the highest salinity is recorded during the sum-
mer low water levels in the Vistula Lagoon and au-
tumn storms which increase the influx of the Baltic wa-
ter (Fig. 10). Similar results concerning the seasons in 
which the observed maximum and minimum salinity 
obtained Schumann et al. (2006) for Darß-Zingst Bod-
den Chain. They involve the terms of the inflow of sea 
water depending of wind direction and strength, water 
levels and coastal water currents as well as inflow of 
water from the land and the spring thaw.

Salinity of the Vistula Lagoon also changes spa-
tially (the lowest values ​​occur in its western part). Ac-

cording the Regional Inspectorate for Environmental 
Protection, the lowest concentrations of chloride are 
recorded at the measurement point number 8 located in 
the western part of the Vistula Lagoon, which is within 
the reach of the waters of the Nogat. The highest values 
were at the measurement points 1, 2, 3 and 4 located 
in the north-eastern part of the Vistula Lagoon, near 
the border with Russia (Fig. 11). According Guiral and 
Ferhi (1992) on the basis ionic concentrations (K+ Cl-) 
of the Ebrié lagoon established that From a hydrody-
namical point of view, the lagoons comprises four dis-
tinctive areas. The first is filled with freshwater all the 
year round (these waters are of continental origin and 
annually renewed); the second corresponds to oligo-
haline waters (waters essentially of continental origin 
and poorly renewed); the third area is constituted of a 
mixture of waters of continental and marine origins. 
The latter group can be separated into two subgroups: 
a group completely renewed by marine water during 
the dry season or during periods of storm and another 
group totally renewed by freshwater during the rainy 
and flood seasons.

Table 1  Mean flow of selected watercourses by various authors
River Author Average flow [m3·s-1]

Elbląg

Regional Inspectorate for Environmental Protection in Olsztyn 
(2007–2008) 8.6

Bogdanowicz (2007) 6-11
Łazarenko and Majewski (1975) 6.28

Own measurements (2002–2007) 6–12 (the direction of the sea)
10–12 (direction inland) 

Dąbrówka

Regional Inspectorate for Environmental Protection in Olsztyn 
(2007–2008) 0.085

Bogdanowicz (2007) 0.069
Own measurements (2002–2007) 0.05–0.1

Kamienica

Regional Inspectorate for Environmental Protection in Olsztyn 
(2007–2008) No data

Bogdanowicz (2007) 0.092
Own measurements (2002–2007) 0.07–0.11

Kamionka

Regional Inspectorate for Environmental Protection in Olsztyn 
(2007–2008) 0.08

Bogdanowicz (2007) No data
Own measurements (2002–2007) 0.06–0.09

Table 2  Water discharged from the selected polders (Żuławy Board of Land Reclamation and Water Units in Elbląg)
Annual water discharge [m3]

Year Nowakowo-Batorowo Rubno „W” Jagodno
2006 5931360 1087200 No data
2007 10247040 1929600 No data
2008 9167040 1263600 No data
2009 8536320 1603800 No data
2010 5767200 853200 No data
2011 7469280 1200600 No data

The average dump of several years 7853040 1323000 -
Average flow [m3·s-1] 0.25 0.04 -

Total discharge of the multi-years [m3] 9176040
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Fig. 10   Monthly mean concentrations of chloride in 
surface waters of the Vistula Lagoon at 10 measurement 
points in 1996 (Regional Inspectorate for Environmental 
Protection in Elbląg)

Fig. 11  Mean concentration of chloride in surface waters 
of the Vistula Lagoon at different measurement points in 
1996 (Regional Inspectorate for Environmental Protection 
in Elbląg)

period. In the period 1997–2007 the lowest chloride 
values were recorded in winter and spring. Low val-
ues in winter ​​indicate residual ice cover in the Gulf of 
Elbląg, and in spring – surface run-off from the catch-
ment. The highest values of chlorides were recorded 
in summer and autumn. Summer is characterised by 
low water level in the Vistula Lagoon, while in the 
autumn there are storm surges which increa the in-
flow of the Baltic waters. Another situation occurs at 
the analysed measurement point located in the Vis-
tula Lagoon. Compared to the other sites, the distri-
bution of concentrations shows an irregular character 
here. Higher concentrations are recorded in winter 
and spring, while lower – in summer and autumn. It 
is worth mentioning that the average concentrations 
measured in the Vistula Lagoon were about 4–5 times 
higher than those measured in the Gulf of Elbląg and 
the River Elbląg. According to Wiktor et al. (1997) an 
increase in salinity in the Vistula Lagoon is observed 
in October, while a minimum in February when the 
Lagoon is frozern. In turn, according to Bogdanow-
icz (2007) maximum salinity is in November, and the 
minimum in March. In spring a significant influence 
is exerted by fresh river water, while in autumn – the 
predominant effect of saline sea water, especially dur-
ing storms. The shallowness of this water body and 

Fig. 12  Salinity of the Vistula Lagoon during water influx 
from the Gulf of Gdańsk (top figure) and outflow of water 
from the Lagoon (bottom) calculated on the basis of the 
Delft3D model (Bielecka et al. 2003)

Comparing the distribution patterns of the water 
movement velocity and salinity during the situations of 
water supply from the open sea to the Vistula Lagoon 
and its outflow (Fig. 12), we can determine the areas 
where the current velocity is high and is accompanied 
by relatively high salinity, and the zone where the wa-
ter exchange is inhibited, and the salinity reaches lower 
values, even below 0.5 PSU (Fig. 12). In other words, 
in the Vistula Lagoon there is an area of the impact of 
the Baltic Sea, located in the vicinity of the Strait of 
Baltiysk, and there are zones in which the inflow of 
fresh water from the land is significant, either through 
the Żuławy rivers in the Polish section or through the 
Pregolya in the Russian part of the Vistula Lagoon. 
The observation by Bielecka and Kaźmierski (2003) 
are supported by the research by Kruk et al. (2011). 
They present the current situation (Fig. 13) and the one 
that would arise in the event of a canal built across the 
Vistula Spit (Fig. 14). According to the authors in the 
case of a canal being built, in its vicinity (north-western 
part of the Vistula Lagoon) the salinity would increase 
from 0.5‰ to about 4.5–5.0‰. 

The highest concentrations of chloride ions at the 
measurement points located on the river Elbląg and 
the Gulf of Elbląg were mainly reported in summer 
and autumn, while the lowest – in the winter-spring 
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its relatively large area promotes mixing of the water 
to the bottom, which results in a uniform physical and 
chemical structure of the water.

Analysis of chlorine at the measurement points in 
1997–1999 and 2002–2007 showed that the waters 
of the Gulf of Elbląg in 61% take an inland nature, 
while in 39% – maritime character. This track of the 
results may indicate that the Gulf of Elbląg is a body 
of  water remaining under the hydrodynamic and hy-

drochemical influence of the Vistula Lagoon and the 
watercourses feeding it, both from the Vistula delta 
and the Elbląg Plateau. Based on the results obtained 
from the measurement points it can be concluded that 
low concentrations of chloride in winter and spring 
evidence inland waters in the analysed water body. 
Similarly  – high concentrations of chloride in the 
summer-autumn period evidence the dominant role 
of the Vistula Lagoon in the transportation of the sea 

Fig. 13  An example of the spatial distribution of salinity (in PSU), and the direction and speed of ocean currents in the 
Vistula Lagoon in the case of water inflow from the Baltic Sea through the Strait of Baltiysk, a simulation of the GEMSS 
model (Kruk et al. 2011)

Fig. 14  Example of the salinity spatial distribution (in PSU) in the Vistula Lagoon in the case of opening a canal to the 
Baltic Sea in the Polish part of the Vistula Lagoon, a simulation of the GEMSS model (Kruk et al. 2011)
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DISSCUSION

The Baltic Sea including Vistula Lagoon and Gulf 
of Elbląg are characterized by active water dynamics 
and circulation of different spatial scales, which reveal 
in conditions of complex bottom relief and strongly 
non-uniform hydrological structure (Brekhovskikh, 
Chubarenko 2006). In the case of lagoons impact on 
quality has many natural conditions such as the na-
ture and beyond. The most important of them should 
include fluvial inputs from the land (Kuo et al. 2013) 
and the inflow from the sea (Dailidienė, Davulienė 
2007). Although the flow of the sea is periodic, a trib-
utary of the river a permanent the first is of decisive 
importance for the state of quality of lagoons located 
in the coastal zone of the southern Baltic. Also, a cer-
tain impact on the quality of water in the lagoons is 
supply via underground  (Sena, Condesso de Melo 
2012). Particular attention should be paid to extreme 
events which must include the phenomenon of flood-
ing (Zonta et al. 2005) or the phenomenon of a storm 
at sea (Drwal, Cieśliński 2007; Soomere, Pindsoo 
2016). In both cases there is a significant change not 
only hydrological but also qualitative. Importance 
of floods in the transport of materials and pollutants 
from the drainage basin to the lagoon. For a more 
global causes of changes in water quality lagoons in-
clude climate change (Semionova, Smyslov 2006), 
including the impact of NAO (Kļaviņš et al. 2011) 
and increasingly observed eutrophication. For other 
important conditions affecting the state of water qual-
ity of the coastal zone should include appropriate hy-
drometeorological conditions in the coastal zone. Di-
rection and wind speed, sea level changes and coastal 
waters, including the differences between them, the 
creation of the phenomenon of intrusion (Zeidler et 
al. 1995; Schumann et al. 2006). Also, do not forget 
to replace the vertical, and in particular evaporation, 
which in the warm period is important for the state of 

water, in effect transforming the nature of the waters 
filling the Gulf of Elbląg. Another factor influencing 
the salinity is the presence of winds. Northerly winds 
cause the “pushing” of the water of the Vistula La-
goon to the Gulf of Elbląg, at the same time - due to 
the shallowness of the basin - causing mixing of the 
waters down to the bottom and moving the surface 
layer of bottom sediments. Southern winds, however, 
cause “pushing” the waters out of the Gulf of Elbląg 
to the Vistula Lagoon.

An important role is played by the northern winds 
that push the Vistula Lagoon water into the Gulf of 
Elbląg, as well as southern winds that push them out 
(Table 3). Under these conditions, the mixing of the 
waters also takes place. In addition, the winds also 
affect the distribution of currents and waves on the 
Gulf waters. Wind velocity and direction are the con-
ditions that can affect the variability of the chemical 
composition of coastal lakes’ waters, including, ac-
cording to Jankowski (2000), the influence exerted on 
the spatial variability of salinity.

Another factor that affects the periodic “pushing” 
of water into the Gulf of Elbląg and the river Elbląg, is 
the amount of water in the Vistula Lagoon. In a situa-
tion where storm surges overlap a high level of water 
in the Vistula Lagoon, there is a high probability of 
brackish water reaching the very Żuławy Elbląskie. 
Filling the Vistula Lagoon is conditioned by the level 
of the waters of the Gulf of Gdańsk, especially at its 
eastern coast in the region of Baltiysk. A higher water 
level in this part causes an inflow of sea water through 
the Strait of Baltiysk to the Vistula Lagoon, thereby 
increasing the status of its filling. This process oc-
curs mostly when winds direction is W-NW-N. At the 
same time the winds from these directions push the 
water from the Vistula Lagoon’ spit side, increasing 
a water table decline in the Strait of Baltiysk, which 
further promotes the influx of waters from the Gulf of 
Gdańsk to the Vistula Lagoon (Table 4).

Table 3  Annual incidence of wind directions (%) in the period 1951–1960 (Łazarenko et al. 1975 – revised)

Place Wind sector Calm airN NE E SE S SW W NW
Tolkmicko 5.6 5.8 8.0 14.0 18.3 24.5 10.8 8.8 4.2
Elbląg 10.9 6.5 7.6 13.3 13.9 12.6 13.4 14.0 7.8

Table 4  Characteristic water levels (cm) in Vistula Lagoon (Cieśliński 2004)

Water level
Measurement point

Tolkmicko Elbląg
1961–1980 1947–1983 1961–1980 1946–1983

Highest 610 645 610 644
Mean highest 542 558 520 545
Medium 502 501 506 504
Mean lowest 465 542 471 458
Lowest 415 410 410 410
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quality lagoons (Yao 2009; Jakimavičius et al. 2013). 
Finally, mention of human activity that causes sig-
nificant changes in the quality of surface water and 
groundwater. Data indicated for example that the 
spatial distribution of water quality parameters was 
significantly affected by freshwater input via the con-
structed drainage channels which collect water from 
a catchment area and discharge water into the lagoon 
as a point source, thus preventing drainage water to 
reach the lagoon as a nonpoint source (Yetis et al. 
2014). Also, it is important to agricultural activities 
and changes in land use (Zia et al. 2013).

Due to the large number of conditions that affect 
the quality status of the Vistula Lagoon developed 
several mathematical models (Szymkiewicz 1992; 
Kwiatkowski et al. 1997; Chubarenko, Chubarenko 
2002; Bielecka, Kazmierski 2003; Chubarenko et al. 
2005; Kruk et al. 2011). They show that the main de-
terminant affecting the quality, including the chloride 
concentration is horizontal exchange, and especially 
the inlet and outlet to the sea and retention in the la-
goon. Also affected lagoon morphometry and hydro-
logical features including water budget. Do not forget 
also about the physical properties of water for exam-
ple thermal variability or waving wind.

CONCLUSIONS

The Vistula Lagoon, including the Gulf of Elbląg, 
is an area of continuous mixing of fresh and salt wa-
ter. Because of the shallowness of the water basin, 
an important factor determining the dynamics of the 
water is the impact of wind. It often impacts the entire 
water mass from the surface to the bottom and causes 
activation of the surface layer of sediments. The rela-
tionship between the share of marine and inland water 
influences salinity, an important property of the Vis-
tula Lagoon’s water. This parameter determines the 
physic - chemical characteristics of the aquatic envi-
ronment (Kruk et al. 2011).

The salinity of the waters of the Vistula Lagoon 
is a result of the impact of a number of factors. The 
most important are the size of fresh water influx and 
the frequency of sea waters intrusion. The Lagoon’s 
feature is zonality of its salinity. The extent of salinity 
zones is diverse and may be subject to shifts depend-
ing on the direction of constant winds etc. Also, their 
ranges may move seasonally. The increase in salinity 
in the Vistula Lagoon is observed in October and a 
minimum in February, when the Vistula Lagoon is 
covered with ice (Wiktor et al., 1997). According to 
Bogdanowicz (2007) maximum salinity is in Novem-
ber, and the minimum in March. In spring a signifi-
cant influence is exerted by fresh river water, while 
in autumn the predominant is the effect of saline sea 
water. The Vistula Lagoon waters are transitional and 

have an average salinity at the level of 3000 mg•dm-3, 
with an average salinity of the Baltic Sea at the level 
of 6000 - 8000 mg•dm-3. Salinity decreases with the 
distance from the Strait of Baltiysk. Mean salinity 
of water in the vicinity of the strait is approximate-
ly 5 500 mg•dm-3, while near the Krynica Marine – 
about 2 200 mg•dm-3.
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