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Abstract 

Salinity of surface and near bottom water, determined by chlorinity equivalent, was studied in 
the Szczecin Lagoon along the fairway Szczecin-Świnoujście in April-November of 

1991-1994. The results were compared with the data from earlier, analogous, studies from 

1956-57 and 1973-76. A definite increase of water salinity in the Szczecin Lagoon was 

observed in the successive periods. 

INTRODUCTION 

Changes in the abundance of ichthyofauna in the Szczecin Lagoon, and in 
particular the decreasing number of fish species and specific changes in 

species quanta, observed in the recent half century [Garbacik-Wesotowska, 
1994; Dunin-Kwinta, 1995] are mainly attributed to the intensive exploitation 
of fish resources in the lagoon — especially as regards „white fish stock” 

[Tobolicz, 1959; Garbacik-Wesołowska, 1994], increasing eutrophication of 

the basin and water contamination by pollutants, on one hand [Drzycimski, 

1987, Kompowski and Pieńkowski, 1992; Wiktor and Garbacik-Wesołowska,  
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1992; Dunin-Kwinta, 1995], and hydrotechnical activity of man on the other. 

Pike can be regarded a victim of the latter activities, because it was cut off of 

its natural spawning grounds since the Lagoon banks were dysked [Gar- 

bacik-Wesołowska, 1994]. 

Hydrotechnical measures aimed at dredging and widening of the fairway 

between Szczecin and Świnoujście caused decline of the water level in the 

Szczecin Lagoon in relation to the Pomeranian Bay. This decline facilitates the 

penetration of saline water from the bay and results in an increase of salinity in 

the Lagoon, particularly under drought, when the average flow of the river 

Odra markedly decreases [Mielczarski, 1987a; 1987b]. The problem of in- 

creasing salinity in the Szczecin Lagoon was also discussed by Wiktor and 

Garbacik-Wesołowska [1993]. Water inflows and frequent back flows from 

the sea cause an increase of chemical composition astaticism, this in turn 

enhancing the effects of eutrophication in the Lagoon biotope and bio- 

coenoses [Czachorowski, 1994]. 

Water quality of the Szczecin Lagoon and its salinity, in particular, was 

often subject of extensive studies [Majewski 1957, 1958, 1960, 1964, 1968, 

1972, 1980; Mikulski 1960, 1970; Zaborowska-Młodzińska 1983; Młodzińska 
1974, 1980; Mutko 1977, 1994; Jasińska 1987, 1991; Jasińska et al. 1986, 
1989. Poleszczuk et al. 1992. 1995a. 1995b, 1995c, 1970]. The reviewed 

articles present results of studies carried out at various locations of the Odra 

river estuary and more so In different periods of the wide time span from 1952 

to 1994. The data are often presented as the annual mean values from many 

measurement stations, so the analysis of salinity dynamics on the selected 

spot is not possible, nor the correlation of salinity to environmental parameters 

of importance can be traced. 

This article presents an attempt to analyse changes of salinity in surface 

and near bottom water of the Szczecin Lagoon along the fairway from the 

Gate Way | to Gate Way IV from the years 1991-1994 and compare the results 

of analysis with ihe data from earlier studies (1956-1957) [Wypych, 1970] 

and with the data acquired from the State Environment Protection Agency 

(SEPA) in Szczecin from the years 1973-1976. 

MATERIAL AND METHODS 

Water samples for ‘salinity measurements were collected from the subsurface 
layer (1 m below the surface) and from the near bottom layer (1 m above the 

bottom) at measurement stations: Gate Way |. Gate Way II, Gate Way (and 

Gate Way IV (Fig. 1.). Samples were taken from April to November 
1991-1994. 

Chlorinity was determined using the standard Knudsen procedure [Oxner,
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Fig. 1. The Szczecin Lagoon — location of sampling stations: Gate Way |, Gate Way II, Gate 
Way III and Gate Way IV
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1952]. This procedure was introduced in water quality analyses of the Szcze- 
cin Lagoon by Wypych [1970], and although it is not appropriate [Wypych. 

1970; Poleszczuk, in pressj the measurements were continued by this method 

to ensure all data comparability. 

The data on water salinity along the fairway in the Szczecin Lagoon in 

May-November 1956 and 1957 were acquired fram Wypych [1970], and the 
data of chłoride ion concentrations in April--November 1973-1976 from the 

Inspectorate of the State Environment Protection Agency in Szczecin. 

The analyses of water in 1991-1994 formed a part of a complex scientific 

programme conducted by the Świnoujście Branch of the Sea Fisheries In- 

stitute. Gdynia. Some of these results have been already published [Polesz- 

czuk et al. 1993, 1995, Poleszczuk and Sitek, 1995]. 

RESULTS 

The results of chlorinity determination at measurement stations in the Szczecin 
Lagoon are presented in Table 1. The table contains also the data from other 

sources [Wypych. 1970; SEPA] and statistical characteristics of all results. 

Figs. 2 and 3 illustrate the selected items of the most unprecedented chlorinity 

changes along the Lagoon from the Gate Way | to the Gate Way IV recorded 
in the periods 1974-1976 and 1992-93. In Fig.4. Box-and-Whiskers diagrams 

are shown of chlorinity results from the years 1973-76 and 1991-1994. The 

median values represent 50% interval of an increasing series of results with 

equal (25%) numbers below and over the median. The „whiskers” indicate the 

minimal and maximal results. The field values. differing by 1.5 (the minimal) 

and 3-times (the maximal) the ,.b0x” width, are denoted by separate points: 

„0” and „x”, respectively [Statistica, 1994]. 

The presented data indicate that in 1956-57 the highest salinity of surface 

water and the most frequent alterations were found at the station Gate Way |. 

ln that period the near bottom water showed high mean values and con- 

siderable changeability of chlorinity at all measurement stations. 

The mean salinity of surface water in 1973-1976 was higher than in 

1956-57, except at the station Gate Way IV. Simultaneously, the variability of 

salinity, expressed as the amplitud [(max. Cl %o) — (min. Cl %o)], was smaller 

than in 1956-57. Near bottom water at all stations was less saline and 

indicated smaller amplitudes. while the coefficients of salinity variability 

(CV %) were rather high. increasing from the Gate Way | to the Gate Way IV. 

In 1991-94 the mean salinity of surface and near bottom water of the 

Szczecin Lagoon was significantly higher at all measurement locations than in 

earlier studies. The amplitudes of chlorinity at Gate Way | and Gate Way II 
were lower, though comparable to those found in the 1950-ties and 70-ties.
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Variability coefficients (CV %) of chlorinity at all measurement stations were 

mostly lower in 1990-ties than in the previous analyses. 

Table 1 
Statistical evaluation of surface and near bototm chlarinity (Cl %o] of water 

in the Szczecin Lagoon 

  

    

  

    
  

  

  

     
    

  

      
      
  

  

  

  

  

  

| cvrewayr GATEWAYUM | GAIEWAYM | GATEWAYIY 

пе [ем | ке | ие о | у, | бе | ое, 
May-November 1956-1957 (data from Wypych (974) n=62 sample size 

Min. (Cl) + 009 | 05 0 | оби 0.08 009 | 0.07 0.07 
Average (Ci) | 066 | 17 043 [| 157 9.29 1.07 0.23 0.72 
Median (CI%) | nd. | z: nd nd. nd nd, nd. 

Max. (Cio) p 3.96 | 0.85 3,67 0.40 3.73 

SD nd па | nd nd nd nd ad. nd 
CV [%] nd nd nd ва nd ad nd. | na 

April-November 1973-1976 (data from SEPA*) _n = 25 sample size 
Min. (Cl%o) 0.20 0.20 0.08 оз | 097 [007 007 [007 

Average (CI%o) | _ 0.80 1.59 0.56 556 | 05 | 087 0.14 0.56 
Median (C1%e) 0.56 0.84 0.44 0,66 | 0.30 0,60 0.10 0.20 

Max. (CI) 2.76 4.01 1.64 3.40 | 1.06 2.98 0.39 2.73 

SD 058 | 127 040 | 055 | 02 085 | 0.08 9.75 
CV 1%) 78 | 803 ms | 85 | 757 | 80 | 506 | 1340       

April-November 1991-1994 (this project data) n = 31 sample size 
  

  

                        
Min. (Cio) 0.15 0,20 a3 [01a 8 00 | 008 | 008 

Average (CI%o) | 1.22 1.79 076 | 147 | _0.62 23 | 025 0.89 
Median (Clko) | 0.95 LH 074 | 132 | 062 094 | 07 0.80 
Max. (C1%o) 3.40 3.5% 1.62 | 3.16 1.48 3,60 1.10 2.98 

SD 0.91 1.04 os |__079 | 0.35 0,87 0.73 
СУ 74.1 58.2 37 | 59 | 569 70.7 84.0 

  

  

nd. - no data 
* ~ SEPA - State Environment Protection Agency Inspectorate in Szczecin 
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Fig. 2. Chlorinity changes in surface (S) and near bottom (B) water of the Szczecin Lagoon 
along the profile Gate Way | — Gate Way IV in 1974 and 1975
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Fig. 3. Chlorinity changes in surface (S) and near bottom (B) water of the Szczecin Lagoon 
along the profile Gate Way | — Gate Way IV in 1992 and 1993



Gorzysław Poleszczuk 10 

Al 
—
 
A
B
M
 

e125 
— 

| 
AEJJ 

91E9 
SUOIEJS 

20} 
в1е 

а 
‘зэуелл 

цообе] 
1
0
9
2
5
2
5
 

эц} 
}0 

А
й
и
и
о
|
ц
о
 
0 

$1019 
э
х
а
 
ц
м
-
х
о
я
 

"p 
“SY 

Ai 
AeAN 

766L 
- 

L661 

Wi AEN 
B
D
 

  
и Лелл 

1AEM 
eo 

| 
эро 

SJB)DM 
WO|+0Q 

JDBN 

A
B
M
 

9461- 
56} 

и ААА 
LABEM 

389 
wo 

| 
 smo 

SJ3jDM 
WO}JOG 

JDIN 
 
 

 
 

 
 

 
 

 
 

  
  

 
 

  
 
 

  
 
 

 
 

  
  

 
 

 
 

  
  

  
  

    
 
 

 
 

  
 
 

 
 
 
 

 
 

  
  

 
 

  
  

 
   

 
 

 
 

  
  

  
  

  
 
 

    
    

0 
0 

1] 
EŻ 

= 
т 

| 
L 

=
 

+ 
L 

2 
1 

2 
23 

8 
28 

Е 
о 

| 
5 

= 
| 

| 
| 

= 
Е 

+ 
E
u
.
 

|. 
£ 

z 
8 

3 
4
 

4 
> 

зая 
в
,
 

ВВ 
T 

Т 
—
—
 

=
 

=
 

ea 
S| 

E
E
S
 

w 
1 

т 
, 

Е
Р
 

[8 
L
i
t
e
 

25 
t 

z5 
2 

3 
€ 

| 
e 

LI 
9 

I
E
 

Z 
1
 b
t
 

- 
я” 

 



A comparison of salinity changes in the Szczecin Lagoon along the fairway... 11 
  

DISCUSSION 

The observed changes of water salinity in the Szczecin Lagoon, expressed in 

the terms of chlorinity and analysed over the years 1956-57, 1973-76 and 

1991-1994, are resultant of multiple factors; in particular the long- and 

short-term changes of the river Odra flow rate, oscillations of the sea level 

relatively to the predomianting climatic factors (frequency, direction and wind 

force, atmospheric pressure) [Majewski, 1980; Buchholz, 1989; 1990; 1991; 
Jasińska, 1991, Robakiewicz, 1993], an one hand, and on the other — they 

canbe related to hydrotechnical projects undertaken within the Odra estuary in 

the recent half-century [Mielczarski, 1987a, 1987b; Robakiewicz, 1993]. Spe- 

cific changes of water salinity along the fairway Szczecin-Świnoujście, clearly 

marked in 1990-ties (Figs. 2 and 3), can be explained by the alterations of the 

fairway depth profile. The fairway forms a gully channel of 150-200 m width 

and the slightly increasing depth — from 9.8 m at the Gate Way | to 10.7 m at 

the Gate Way IV [Staszewicz, 1990]. The depth along the fairway changes 
continually (Fig. 5) depending on the topical dredging scheme and the 

river-inflow/sea-water-back-flow ratio. However, the general bottom profile 
remains unchanged and inclined. 

The more saline water, inflowing under favourable conditions (high water 
level in the Pomeranian Bay — low water flow in the river Odra) from the sea, 

having forced the treshold of the Gate Way I. is „rolling” as if on an inclined 

plane into the Szczecin Lagoon and farther into the Roztoka Odrzańska basin, 

forming waves, recorded in the form of concentration waves [Jasińska et al. 

1989]. Such concentration waves are depicted in Figs. 2 and 3. 

To find a connection between the observed salinity changes and salinity 

magnitude and the impact of the riverine flow, the mean monthly flow of the 
river Odra, measured by the Institute of Meteorology and Water Management 

(IMWM) in Gozdowice, in the respective time intervals, was plotted in Fig. 6. 
The flow of the river Odra differed considerably in the considered time 

intervals, especially as regards the years 1991-94, when significant decline in 

the flow was observed from late spring till autumn. 

Graphic comparison of surface and near bottom salinity at all measure- 

ment stations in 1973-76 and 1991-94 for the equal Q, value is illustrated in 
Figs. 7 and 8. |t is evident that more saline water at the Gate Way IV appeared 

in the 1990-ties. The same applies to the near bottom water, supporting thus 

the hypothesis that other factors influenced the salinity at that station not 
solely the Q,. 

The analysis of the Q, impact on salinity changes at different measuremnt 
Stations was carried out applying the procedure used in studies of the influen- 

ce of hydrological conditions on the chemical composition of water [Gregory 

and Walling. 1973: Watling and Webb. 1986]. The values of deter-



Gorzystaw Poleszczuk 2   

(066 1) 
xSmezseIS 

1042 — 
0661 

U! 
PLE 

(6861) 
12 

30 
BĄSYISep 

Jaye 
— g

g
6
L
 

U! 
(AI 

ABM 
9129) 

WĄ 
Ob'ŻE 

01 
(| 

AEM 
01E9) 

WĄ 
Gg'9 | 

WOJ; 
UloaZ0Z$ -alo$lnouim$ 

|auueUo 
A
w
e
;
 

841 
jo 

ajoid 
Uidaq 

G 
Bij 

 
 

 
 

[w] 

AVM 
3LVD 

AI 
АУМ 

3199 
АУМ 

3199 
1 

АУМ 
3499 

| 
H 

wr) 
Le 

962 
10'€2 

589, 
м 

C
E
C
 

| 
= 

0664 
и ob 6 8 0



he Szczecin Lagoon along “he fairway   A comparison of salinity changes in 

(euzog 
узиеза —

 
И
М
И
 

шод 
взер) 

v66-166L 
PUE 

(9261-6261 
BUZIIBO|OIPAH 

14107904) 
961-6161 

18quen0N-|udy 

*(156L 
'986L 

a
u
z
o
l
j
e
G
o
i
p
A
H
 

вмыгэон) 
(961 

рые 
9961 

J
a
q
u
a
n
o
y
-
A
e
w
 

ul 
(5) 

MOj} 
B
P
O
 

JaAU 
ay} 

$0 
защел 

в
а
ш
 

A|YILOW 
“9 

"Big 

2664 
166 

9L6L 
SŁÓW 

ч
б
 

EL6L 
LS6L 

956l 
0 

П
Р
Е
 

T
T
N
 

| 
Г 

| 
| 

+
0
0
2
 

 
 

 
 

1 

— | 1 

 
 

 
 

 
 

  

  
  

   



14 Gorzysław Poleszczuk 

(e
t 

  

  

  

| Ш 

GATE WAY | | GATE WAY II 

  

  

Сн
оу
 

  

  

  

                      

  

  

    

    

  

    

° 2 
% и ом шо м юм 

a а © ina 

El 

GATE WAY II GATE WAY IV 

3 з 

= = 
3 5 

р 2     

    

e a                           

в CJ o = mo 
$ ея © мя 
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mination coefficients R? (%) for various functions Cl %: — f(Q,) of the data 

from 1973-76 and 1991-94 are listed in Tables 2 and 3. 

Table 2 

Caeffficients af determination R* (%) of chlorinity in relation to the river flow 

(Cl %o) = f(Qs). Data from the period 1973-1976 

  

      

   

    

  

    
  

No Stations (Cl%)=aQ, +b | (CI%)=aQ," | (Cire)=expla+dQ,) 

1 jf GATE 3 5 

2 WAY near bottom 

3 | GATE surface 

4| WAY near bottom | 
$ |Ш САТЕ surface 

6 | WAY near bottom 
7 |IV GATE surface 

S| WAY near bottom |           
Table 3 

Coeffficients of determination R? (%) of chlorinity in relation to the river flow 

(Cl %e) — f(Q.). Data from the period 1991-1994 

  

No Stations (CI%s)=2Q, +b (CI3e)-2Q,* | (CIXa)=exp(a+bQ.) 
1 |1 САТЕ 

WAY 
II GATE 

WAY 
Ш бАТЕ 
| МАУ 
IV GATE 

WAY nearbotom 

  

  
  

  

      зач
           

The linear, power and exponential functions explain the examined variabi- 
lity of surface and near bottom salinity due to Q, changes at the Gate Way | in 

1973-76 period in ca. 20%, in ca. 30% at the Gate Way II and in ca. 30% 
(surface water) and 40% (near bottom water) at the Gate Way III, and also in 

ca. 40% at the station Gate Way IV in respect to surface water. Near bottom 

salinity at the Gate Way IV was practically independent on the Q, changes. 
In the period 1991-1994 salinity changes in the surface water at the 

station Gate Way | could be explained by Q, changes in 40%. near bototm
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salinity changes — in 35%. At stations the Gate Way || and the Gate Way III 
— 55% and 30%, respectively; and at the station Gate Way IV — in 45 and 

40%. 
As indicated, Q; changes are responsible for less than 50% of salinity 

variabilities in the Szczecin Lagoon water. 

CONCLUSIONS 

1. The comparison of chlorinity data obtained in May-November of 1956-57, 
and April--November 1973-76 and 1991-94 indicates an increase of the 

mean salinity of surface water in the Szczecin Lagoon. especially at the 
stations Gate Way |, Gate Way II and Gate Way III, this giving the evidence 

of increasingly easier penetration of saline sea water into tne Lagoon in the 

successive measurement terms. Near bottom water showed more stable 
levels of the mean salinity. 

2. The analysis of the chlorinity range pointed out to the most marked 

changes in surface and near bottom water at the station Gate Way | and in 

the near bottom water at the Gate Way IV. 

3. Chlorinity data considered in the function of the Odra river flow (Q,) in 
1973-76 and 1991-94 indicated differences in salinity sołeły at the station 

Gate Way IV, with higher salinity in the later period. 

4. Between 1991-94, when the Odra flow (Q,) was clearly lower than in the 

previous period (1973-76), chlorinity changes were to a greater extent 

expressive by Q, changes. 

5. The changes in the river Odra flow answer only for 50% of water salinity 

changes in the Szczecin Lagoon between 1991-1994. 

SUMMARY 

Water salinity along the fairway Szczecin-Świnoujście was examined in mea- 

surement seasons April-November of 1991-1994. Sampling stations were 
located at the Gate Way |. Gate Way II, Gate Way III and Gate Way IV. The 

results of measurements were compared with the earlier data from 1956-57 

and 1973-76. The comparison yielded an increasing tendency of water salinity 

in the Szczecin Lagoon. The chlorinity data were analyzed against the Odra 
tiver flow intensity (Q,). [t was revealed that at equal values of Q,, in the 

1990-ties saline water penetrates much easier from the Pomeranian Bay into 
the Lagoon. especially into the Roztoka Odrzańska basin. The observed in- 
crease of chemical composition astaticism of water in the Szczecin Lagoon is 

much stronger related to the changes of the river flow in dry years (low Q,).



18 Gorzystaw Poleszczuk 
  

REFERENCES 

Buchholz W., 1989. Wind impact on the flow in the river mouth sections. Prace Inst. 
Morskiego. Gdynia, 703, 1-172. (in Polish) 

Buchholz W.. 1990. The variability of water level and flow rate in the river mouth — exemp- 

jum the Odra river mouth. Materiały Sesji Naukowej KBM PAN, Wyd. Politech. Szczeciń- 
skiej, Szczecin, 49-70. (in Polish) 

Buchholz W. [ed.]. 1991. The monography of the Lower Odra — hydrology ańd hydro- 

dynamics. Prace Nauk. IBW PAN, Gdańsk. 25. 1-103. (in Polish) 

Czachorowski S., 199. A model of succession in river and lake — is there a general model? 

Biul. Sekcji Bentologicznej PTH - „DNO”, 2 (nr 2). 2-4. (in Polish) 
Drzycimski |.. 1986. Negative changes in the biocoenosis of the Lagoon. Aura, nr 7, 10-11 

(in Polish) 
Drzycimski |., 1987. Alterations in the biocoenosis of the Szczecin Lagoon and the river Odra 

mouth between 1950-1986 with the background of environemntal conditions. Materiały 

Sesji Naukowej STN: Zagrożenie i ochrona środowiska przyrodniczego regionu szczeciń- 

skiego, Wyd. STN, Szczecin. 34-51. (in Polish) 

Dunin-Kwinta |., Wengrzyn J., 1985. Exploitation factors influencing fish catches in the 

Szczecin Lagoon in the 40 years of the Polish Peoples Repblic. Tech. Gosp. Morska, nr 

4, 453-455. (in Polish) 
Dunin-Kwinta |., 1995. What factors determine the fluctuations of fish catches in the 

Szczecin Lagoon in the half century past the war. [In:] J.C. Chojnacki, E.J. Pałyga (red 

red.) Europejski ład ekologiczny a problemy ochrony środowiska krajów nadbałtyckich 
Wyd. Autonomiczny Komitet Ekspertów Ekologicznych. Warszawa, 104—108. (in Polish) 

Garbacik-Wesotowska A., 1994. Ichthyofauna and fishing in the Szczecin Lagoon. [In:] Т. 

Mutko (red.) Zalew Szczeciński — Wielki Zalew - Zmiany jakościowe w wieloleciu. Bibl 

Monitoringu Środowiska, Warszawa, 55-62. (in Polish) 
Jasińska E.. 1987. The structure and cycles of changes and the intensity of flows in the 

Świna straits. Arch Hydrotech., 34, 171-182. (in Polish) 
Jasińska E., 1991. The dynamics of saline water in the estuaries of the Polish rivers. Prace. 

IBW PAN, Gdafisk, 27, 1-206. (in Polish) 

Jasińska E., Robakiewicz W., 1986. Hydrodynamic conditions int he river Odra mouth — the 

results of expedition „Szczecin Lagoon 83". Inż. Morska, nr 4, 110-114. (in Polish) 

Jasińska E.. Robakiewicz W., Walkowiak A., 1989. Hydrodynamics and water salinity in the 

river Odra mouth — the results of expedition ..Szczecin Lagoon 88”. Inż. Morska, nr 5. 
195-200. (in Polish) 

Kompowski A., Pieńkowski W., 1992. Alterations in fresh water fish catches in the Polish 
sector of the Szczecin Lagoon and the Pomeranian Bay between 1960-1985. Szczeciń 
Rocz. Nauk., 7. 7-21. (in Polish) 

Majewski A., 1957. On water exchange between the Baltic Sea and the Szczecin Lagoon 
Wiad. Służby Hydrolog. Meteorołog., 6, 13-22. (in Polish) 

Majewski A. 1958. Hydrological studies of the Szczecin Lagoon, 1952-1957. Gazeta 
Obserwatora PIHM, 7, 11-12. (in Polish) 

Мани A., 1960. Sea water penetrating the Polish rivers mouths Biul. PIHM, 3. 1. (in 

Polish) 
Ma A.. 1964. Water movement in the Szczecin Lagoon. Prace PIHM, 69, 5-69. (in 

Polish) 
Majewski A.. 1968. The extension of sea water penetration in the mouth of the rivers Odra 

and Wisła. Przegi. Geofiz, 11, 217-224. (in Polish)



A comparison of salinity changes in the Szczecin Lagoon along the fairway. 19 

Majewski A., 1972. Hydrological characteristics of estuaries along the Polish marine coast 

Prace PIHM, 105, 3-37. (in Polish) 

Majewski A. (ed.) 1980. The Szczecin Lagoon. WKiŁ, Warszawa, 324 s. (in Polish) 
Mielczarski A.. 1987a. 250 years of anthropogenic influence over the Szczecin Lagoon. Inż 

Morska. nr 2. 58-62. (in Polish) 
Mielezarski A., 1987b. Some remarks on the flow attenuation system in the Swina straits, Inz 

Morska, nr 3, 102-105. (in Polish) 
Mikulski Z., 1960. The contribution of river water in the hydrological system of the Szczecin 

Lagoon. Biul. PIHM, 8, 1-23. (in Polish) 
Mikulski Z., 1970. Inland water in the coastal zone of the southern Baltic Sea. Prace PIHM, 

98, 22-45. (in Polish) 
Młodzińska Z., 1974. Hydrochemica| conditions in the Szczecin Lagoon. PhD Thesis, mime- 

ogr., AR w Szczecinie, (in Polish) 

Młodzińska Z.. 1980. Hydrochemistry. [In:] A. Majewski (red.) The Szczecin Lagoon. WKiŁ, 

Warszawa, 248-277. (in Polish) 

Mutko T.. 1977. The Szczecin Lagoon seen from the point of view of hydrochemical 
investigations. Materiały Sesji Naukowej: Bałtyk i jego wody dopływowe. Wyd. STN, 

Szczecin-Poznań. 79-87.(in Polish) 

Mutka T. (red.), 1994. The Szczecin Lagoon — the Great Lagoon — quality alterations in 
a long term evaluation. Bibl. Monitoringu Środowiska, Warszawa, (in Polish) 

Oxner M., 1952. The detemination of chlorinity by the Knudsen method. G.M. Manufacturing 

Comp.. New York 
Poleszczuk G., Sitek $., Garbacik-Wesołowska A., Porębski J., 1992. The evaluation of the 

state of water in the Szczecin Lagoon in the season May-October 1991. Przegl 
Zachadniopomorski, 36, 127-149. (in Polish) 

Poleszczuk G,, Garbacik-Wesotowska A., Mutko T., 1993. The effect of the wind back flow 

On water saturation with oxygen in the certain sectors of the river Odra estuary. Stud 

Mater. MIR. Gdynia, Ser. S, 102-110. (in Polish) 
Poleszezuk G., Garbacik-Wesotowska A., Mutko T., 1995. Alterations of the chemical 

composition of water transported along the river Odra estuary. Stud. Mater. MIR, Gdynia, 
Ser. A, 33, 35-50. (in Polish) 

Poleszczuk G., Sitek S., 1995a. Seasonal varibility of water salinity in certain sectors of the 

Szczecin Lagoon between 1989-1994. [In:] A. J. Hłyńczak, G. Poleszczuk (eds.), 

| Konferencja: Przyrodnicze aspekty badania wód estuarium Odry i wód jeziornych 

województwa szczecińskiego — 1995. Uniw. Szczeciński, Szczecin. 68. (in Polish) 
Poleszczuk G., Sitek S$. 1995b. The oxygen conditions in water of Roztoka Odrzańska 

between 1981-1990. Stud. Mater. MIR, Gdynia. Ser.: A, 33, 53-64. (in Polish) 

Poleszczuk G., Sitek S.. 19950. Seasonal variability of NO; and PO} concentrations in water 

of the northern part of the Szczecin Lagoon between 1981-1990. Stud. Mater. MIR. 

Gdynia, Ser. A, 33, 65-76. (in Polish) 
Poleszczuk G., in press. Abiotie environment of the Szczecin Lagoon waters. Wyd. Uniw. 

Szczecińskiego, Szczecin. (in Polish) 
Robakiewicz W. „1972. Depth alterations in tne Świna straits. Tech. Gosp. Morska, nr 4, 

234-236. (in Polish) 
Roczniki Hydrograficzne PIHM z lat 1956, 1957 [Hydrographic Annuals of the State 

Hydrolagical-Meteorolagical Institute from 1956 and 1957]. Wyd. Komunikacyjne. War- 
szawa. (in Polish) 

Roczniki Hydrologiczne Wód Powierzchniowych z lat 1973-1976 [Hydrological Annuals of 
the Surface Water from 1973-1976]. Wkik, Warszawa. (in Polish)



20 Gorzystaw Poleszczuk 
  

Staszewski M., 1990. The Szczecin Lagoon — a tourist-yachting chan. Nr katal. 30-111-01, 

Wyd. PZWK im. A. Romera, Wrocław. (in Polish) 
Statistica for Windóws, 1994. Vol. II — Graphics, StatSoft, Tulsa, p. 2558 

Tobolicz A.. 1959. The problem of fish exploitation of the Szczecin Lagoon and adjacent 

waters. Gosp. Rybna, 11, nr4, 4-7 (in Polish) 

Wiktor J., Garbacik-Wesołowska A., 1993. The management of fish resources in the Szczecin 

Lagoon in 1949-1992. Stud. Mater. MIR, Gdynia, Ser. S, 7-12. (in Polish) 

Wypych K.. 1970. Salinity of water in the Szczecin Lagoon. Prace PIHM, 98. 47-74. (in 

Polish) 

Zaborowska-Młodzińska Z., 1963. The chemistry of water in the river Odra moutb. Przegl. 

Geofiz., 8, 55-63. (in Polish)


