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Abstract

Between 1991-1994 a study was conducted on the chemical composition of near bottom water of
the Pomeranian Bay hable to back flow in the water-way to the Szczecin Lagoon. The aim of this
study was to investigate the quality of water in the vicimity of the river Swina mouth (water depth
210 m) in respect 1o the following parameters: chlorinity, concentrations of sulphate. bicarbonate as
well as calcium and magnesium ions, temperature, pH. redox conditions indicators — Eh, Oqy .
COD-Mn and BOD:, and indicators of the trophic status, 1.e. the concentrations of nitrate, nitrite,
total nitrogen, dissolved phosphate, total phosphorus and dissolved silicate. The collected results of
measurements, if compared with data on riverine outflow form the Odra river, can be used in mass
balance calculations of substances inflowing into the Szczecin Lagoon. Further on. the balance
calculations can indicate the biogeochemical processes influencing the chemical composition of
water in the estuary of the river Odra.

Key words: water composition, near bottom water, Swina mouth, Pomeranian Bay.
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INTRODUCTION

The exchange of water between the Szczecin Lagoon and the Pomeranian Bay is
accomplished in a way typical for estuaries. Normally, water from the Szczecin La-
goon is flowing into the Pomeranian Bay, but under specific meteorological condi-
tions water from the Pomeranian Bay can reverse and be pushed into the Szczecin
Lagoon. Since there is no tidal movement in the estuary of the river Odra, the ex-
change of water is regulated by the intensity of the river flow and, the already men-
tioned, meteorological conditions, especially barotropic gradients facilitating the
backflows into the Lagoon (Siegel et al. 1994). Hence, the direction of the flow al-
ternates or the flow can proceed simultaneously in both directions: fresh — riverine
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water flowing downward the estuary on the surface, while in the near bottom layer
more saline marine water moves upwards, mainly in the trough of the water-way
Swinoujécie-Szczecin. Water exchange processes, beside the biotic ones, are the
basic factor influencing the chemical composition of water in the estuary of the river
Odra (Majewski 1980, Jasinska 1981, Poleszczuk 1997, 1998).

The prognosis or modelling of the changes in the chemical composition of wa-
ter in the estuary can be conducted on the basis of mixing coefficients (e.g.
Poleszczuk 1997) and these can be determined from the data on chemical composi-
tion of riverine and marine waters mixing in the estuary. Further on, the comparison
of these ,,modelled” data with the results of field measurements in the estuary should
be helpful in determining the biogeochemical processes responsible for the environ-
mental conditions in the Odra estuary. The relevant studies have been conducted by
the authors between 1991-1994, and the results concerning the chemical composition
of water in the Szczecin Lagoon have been already published (Poleszczuk et al.
1995, Poleszczuk 1997, 1998).
Chemical composition of water in the Szczecin Lagoon, especially with regard to
salinity, was subject to earlier studies: Majewski 1957, 1972, 1974, Wiktor and Wik-
tor 1961. Jaworski 1965, Trzosiiska 1970, 1978, Kiermut 1976, Renk et al. 1976,
Ringer 1976. Tadajewski and Kubiak 1976, Wiktor 1976, Tadajewski 1977,
Andrulewicz 1978. Kubiak 1983, Baltic 1987. Trzosinska et al. 1988, Jasinska et al.
1989, Tadajewski et al. 1989, Jasinska 1991, Robakiewicz 1993, Poleszczuk 1994,
Kowalewska 1995. Poleszczuk and Sitek 1995, Mutko et al. 1995, Trzosinska and
Lysiak-Pastuszak 1995). Only scarce publications presented results of a greater num-
ber of chemical indicators of water quality Wiktor and Wiktor 1961, Trzosinska
1970, Majewski 1974, Tadajewski and Kubiak 1976, Wiktor 1976, Tadajewski 1977,
Kubiak 1983, Trzosinska et. al. 1988, Mutko et al. 1995, Poleszczuk and Sitek 1995,
Trzosinska and Lysiak-Pastuszak 1996), but in turn, the studied area in these publica-
tions was usually the central Pomeranian Bay. The articles regarding the area near
the mouth of the river Swina are still fewer: Wiktor and Wiktor (1961), Wiktor
(1976), Majewski (1974), Mutko et al. (1995), Poleszczuk and Sitek (1995). How-
ever, often the results on chemical composition of water in the Pomeranian Bay,
presented in publications (Majewski and Lauer 1994, Cyberska et al. 1999, Lysiak-
Pastuszak and Drgas 2000), were collected at station located at a greater distance to
the Swina mouth than in our investigations. Hence, the authors hope the data pub-
lished in this article can bring additional information on the chemistry of water in the
Pomeranian Bay.

MATERIAL AND METHODS

The study of chemical composition of near bottom water in the Pomeranian Bay was
conducted between 1991-1994 using the boats: m/s “Stynka™, owned by the Sea
Fisheries Institute in Gdynia, and SNB-US of the Szczecin University.

Water samples were collected at 6 measurement stations located in the Pom-
eranian Bay (Fig. 1) from the depth of 10-12 m when the bay water was free of ice.
Water samples were collected with Patalas samplers (PN/C-04632) from the near
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bottom layer, usually ca. 0.5 m above the bottom. Altogether 159 water samples were
collected and analysed.
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Fig.1. Location of measurment stations in the Pomeranian Bay

The following parameters were measured while sampling: water temperature
(by reversing thermometers), pH — by a pH-meter (PN/C-4540.03) using pH standard
sohntions for calibration (PN/C-06504), Eh - by potentiometric method (Kélling
1986) where the measurement cell was calibrated with ZoBell (1946) standards, and
hydrocarbonate as total alkalinity — by acidimetric method (PN/C-04540.03).

The other analyses were conducted in the land laboratory in less than 24 h.
The following water quality indicators were determined in the analysed samples: the
concentration of chloride ions — as chlorinity, using an argentometric method with
normal Copenhagen water as a standard (Grasshoff 1976), sulphate concentration —
by gravimetric method (PN/C-04566.09), total concentration of calcium and magne-
sium jons by complexometric method (PN/C-04551.01, PN/C-04562.01). The con-
centration of dissolved oxygen was determined by the classical Winkler method with
azide modification according to Alsterberg (PN/C-04545.03), COD-Mn — by a
method modified from the working procedure for the fresh water (PN/C-04578.02)
with addition of 10-15 g of HgCl, to the analysed sample to bind chloride ions in
stable complexes. and BODs according to the Polish Standard PN/C-04576.07. The
concentrations of nutrients were determined according to the Polish standards for
fresh water analyses; nitrate — PN/C-04576.07, nitrite — PN/C-04576.06, ammonia —
PN/C-04576.01, total nitrogen after sample digestion — PN/C-04576.14, dissolved
reactive phosphate — PN/C-04576.02, total phosphorus — PN/C-04576.09 and dis-
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solved silicate — PN/C-04562.01).
Statistical evaluation of the data, especially the calculations of mean values

( x ), standard deviations (SD) and relative standard deviations (CV %) as well as the
regression equations between the concentrations of macro-components and chlorinity
and box-whiskers diagrams were done using .,Statgraphics” software.

RESULTS

Considering the spatial differentiation of water quality indicators at a given date of
measurements, the results of analyses showed considerable uniformity of parameters
in the near bottom water at a given time of measurement. The results of the analysed
parameters did not differ more than 5% between the stations, hence it was assumed
there was no statistically significant spatial differences. However. the analysed pa-
rameters differed significantly in time. For this reason, the mean values from six
measurement stations were analysed with regard to temporal changes as a single
measurement value (Fig. 2-4, Tab. 1-3).

Indicators of water mineralisation

The chlorinity of water in the studied area varied between 3 85 and 4.50%o,
the concentrations of sulphate - between 0. 330 and 0.590 g SO, dm™, hydrocar-
bonate - between 0,120 and 0.145 g HCOy dm™ and calcmm and magnesium (total
forms} respectively — between 0.105 and 0.115 g Ca dm™ and 0.260 and 0.300 g Mg
dm”.

All analysed ionic macro-components of near bottom water of the Pomeranian
Bay showed specific seasonal variability accounting to three quasi-seasons, namely
May — July. August — October and November — April. Between May and July the
maximal concentrations appeared of the following ions chloride, calcium and magne-
sium and sulphate and a minimum in carbonate concentrations was ‘detected. Be-
tween August and October the chemical composition of near bottom water was close
to the annual mean values, while the lowest salinity and the lowest concentrations of
SO.” ., Ca’" and Mg”’ and were found between November and April, hydrocarbonate
concentrations reaching than maximal values.

A strong positive correlation was found between sulphate concentrations and
chlorinity of the analysed water (r > 0.98) and similar relations were detected for
calcium (r = 0.80) and magnesium (r > 0.98) ions. A reverse and not that strong cor-
relation appeared between carbonate and chloride ion concentrations (r=-0.67).

Water temperature and factors indicating acid-base and redox status of water

Water temperature in the near bottom layer of the studied area showed a sharp
maximum on the turn of July and August in both presented here measurement peri-
ods in 1992 and 1993. Between May and July water temperature increased from
about 8°C to the maximum and from August to October it decreased from the maxi-
mum to 8°C.
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Table 2

Statistical evaluation of selected quality indices in the near bottom water of the
Pomeranian Bay in 1991-1994; general indices and pH and redox status indices

Indices values

Statistical In seasons
characteristics Allresilts I
‘ | May - July Anguf;:e- Oeto- | November-April
: r |
pH
Min 7.40 8.05 7.80 7.40
Average 8.06 8.20 8.09 7.91
Median 8.05 8.20 8.05 800
Max. 8.50 8.40 8.50 8.40
SD 0.27 . 0.13 0.25 0.34
CV (%) 3.37 [ 155 3.13 4.26
Eh (mV)

Min | 327 ! 354 | 327 1 348
Average | 370 390 350 [ 365
Median 368 383 338 370
Max : 415 415 387 389
SD i 63 68 57 62
CV (%) | 3970 [ 3860 26.70 41.70

O: disso ved tmgo. dm ; !
Min | 450 890 l 4.50 | 930
Average ! 942 9.50 ! 753 } 1125 N
Median 9.30 9.20 ] 8.50 | 11.40
Max 12.50 10.50 10.20 12.50
SD 223 0.72 243 1.13
CV (%) 23 66 7.55 32.30 10.06

COD-Mn (mgQ; - dm™)
Min 3.40 4.00 4.10 3.40
Average 5.40 4 88 541 581
Median 5.10 5.00 5.60 5.25
Max | 11.00 5.50 6.20 1100 |
SD | 16] 055 | 0.80 | 264 B
CV (%) | 2994 1135 | 14.70 { 45 51

BOD; (mgO- dm b

Min 1.00 163 108 1.00
Average 197 3.15 1.50 147
Median 1.60 312 141 138
Max 4 68 4.68 2.12 201
SD 1.00 111 035 041 |
CV (%) 33.59 1576 23.12 28.17
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Table 3

Statistical evaluation of selected quality indices in the near bottom water of the Pom-

eranian Bay in 1991-1994 years; trophic status indices

Indices values
Statisheal charactens-
ey In seasons
All results
| May - July August - October ]— November-Apri

NOq (mgN dm "
Min 001 <00} ] 006
Average 006 001 0.02 015
Median 002 001 001 010
Max 031 002 008 031
5D 009 001 0o 010
CV (%) 139 4 90 6 144 8 &6 1

NO 4 (mgh dm")
Min [ 0001 0001 1 6002 0 009
Aversge 0008 0003 i 0 006 0014
Median 0 006 0001 0008 0012
Max 0026 0 004 0010 0026
SD 0 D06 0,001 0 003 0 008
CV (" 801 456 527 44 4

NH 4 (mgN - dm™)
Min 00! <00l <00l 005
Average 0.04 002 001 008
Median 004 0.02 001 008
Max 010 004 005 010
S0 Q03 002 002 002
CV (%) | 853 65 9 131 5 280

Noa (maN - dm
Min | 004 039 044 004
Average | 049 043 048 | 0 56
“edian 045 041 045 G 60
Max 083 o052 0 5% (183
SD 017 005 1 00S 028
CV (") 34 2 123 | 113 49 5

PO it i Lm0y dm™)

Min 001 oM 003 003
Average 008 001 0 06 008
Median 004 001 005 00s
Max 020 002 010 020
sD 005 001 003 006
CV (%) 540 69 6 509 76 6

Pu (mgPO, dm ")
Min 001 001 015 01
Average 016 c o5 020 018
Median 017 006 018 017
Max 037 0le 037 024
sD 008 i 006 008 005
CV ("o} 497 | 715 38 8 274

$10; douaivus (MES10; - dm™)

Min 026 039 075 026
Average 139 056 128 2.20
Median i 01 043 102 197
Max | 514 01 214 514
SD | 118 H 026 058 1 5%
CV (% 847 46 1 458 Jxs




Selected chemical indicators of water quality in the near bottom layer 27

The period of stable chemical composition of water, between November and April.
coincided with water temperature < 8°C. Oxygen concentration corresponded to
100% saturation in most measurement series, however, in June and July certain over-
saturation with oxygen was noticeable. Simultaneously about 30% of results of oxy-
gen determinations in near bottom water from the vicinity of Swina mouth indicated
considerable oxygen deficit.

pH and Eh were extremely stable in the entire measurement period, with the
mean values of 8.06 and 370 mV, respectively.

COD-Mn behaved very much alike Eh: varying between 5.0-5.5 mg O, - dm ™
while BODs showed greater changeability, with the maximum in the period May-
July (BODs = 3.00 mgO; dm™) and lower values (around 1.50 mgO; dm™) in sum-
mer and early autumn.

Trophic status indicators

Nitrate concentrations showed clearly marked seasonal variability with maxi-
mal values in early spring and the general range between 0.10-0.30 mg N-NO; dm™.
Nitrite concentrations changed also according to the season, showing minimal values
in summer and early autumn while the max1mal concentrations were found in early
spring and late autumn (0.026 mg N-NO, dm™). Ammoma content in the analysed
samples was rather stable, around 0.04 mg N-NH, dm”, but it increased in autumn
even up to 0.10 mg N-NH, dm™. Total mtrogen concentrations were rather stable
throughout the year around 0.50 mg N/dm® and a minimum of about 0.40 mg N dm™
appeared in autumn and winter months.

The mean concentration of dlssolved phosphate reached 0.06 mg P-PO, dm”,
with a minimum (0.01 mg P-PO, dm™) in the period May-.luly The mean concentra-
non of total phosphorus was ca. 0.16 mg PO, dm with minimum (0.09 mg PO,
dm™) in May-July and a maximum up to 0.20 mg PO, dm™ in the autumn and winter.

S!hcate concentrations varied strongly with the season; with low (0.47 mg
Si0, dm™ on average) values in spring, a level close to the annual mean (1.30 mg
Si0> dm™) in summer and higher concentrations (up to 2.00 mg Si0; dm™ *) when the
water temperature dropped <8°C.

This specific seasonal variability was characteristic also for other water qual-
ity indicators as illustrated in diagrams in Figs.3 and 4. In general. seasonal variabil-
ity in near bottom water of the Pomeranian Bay was detected in the following pa-
rameters: oxygen concentration and saturation. BODs, nitrogen salts: nitrate, nitrite.
ammonia and total nitrogen concentrations, phosphate and total phosphorus contents
and concentration of dissolved silicate.

DISCUSSION

The results obtained in this study on water quality indicators in the near bottom water
of the Pomeranian Bay (> 10 m) close to the mouth of the river Swina, indicated the
lack of spatial differentiation of water quality in a given series of measurements.
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Simultaneously they revealed that the chemical composition of the examined waters
considerably changed depending on the period of measurement and the changes un-
derwent annual cycles. The differences in chemical composition of the examined
waters can be characterized in three quasi-seasons: early summer (May-July) with
water temperature changing from > 8°C to the annual maximum on the turn of July
and August. late summer/autumn (August-October). when water temperature de-
creased from the annual maximum to ca. 8°C, and late autumn/winter/early spring
season (November-April), when water temperature dropped below 8°C.

Between May and July the highest degree of mineralisation was observed in
the analysed waters (chlorinity > 4.2%o). which was accompanied by good oxvgen
situation or weak oxygen deficits appearing occasionally (80-100%). stable pH (=
8.0) and redox potential (= 370 mV). At the same time the waters contained low
amounts of organic matter of reducing character (COD-Mn = 4.90 mg O, dm™) and
showed low intensity of biochemical degradation processes (BODs = 3.15 mg O-
dm ). Simultaneously the concentrations of mineral nitrogen compounds and total
nitrogen content were lower than in other seasons. The concentrations of dissolved
phosphate and total phosphorus showed parallel changes.

The observed water quality indicators point to the fact that in this period
chemical composition of the near bottom water was mainly influenced by the more
intensive — due 1o spring storms — inflow of saline water from the Pomeranian Bay,
this being particularly in evidence when taking into account the concentrations of
total nitrogen and total phosphorus.

Between August-October when water temperature rather quickly dechined
from the annual maximum to 8°C. the studied waters showed different chemical
composition. The mineralisation indicators were of similar magnitude as in spring,
this being the evidence of fresh water excess from the Szczecin Lagoon. Water satu-
ration with oxygen varied greatly from over saturation to deficit levels amounting to
20-40%. while pH remained unchanged around 8. The latter observation being in-
dicative also of the inflow of fresh water from the Szczecin Lagoon, rich in HCO;
and an increase in bicarbonate concentrations due to release from organic matter
mineralisation processes, both enhancing the buffer capacity of the water in the Pom-
eranian Bay. The redox potential values changes in this period in a narrow range (Eh
= 370-375 mV) probably because of considerable stability of the COD-Mn and
BOD:; indicators. As regards nutrients, ammonia usually showed minimal concentra-
tions in this period, what can be explained by increased assimilation activity of
phytoplankton during phytoplankton blooms. The blooms are always accompanied
by an increase in dissolved phosphate concentration, observed also in this study. The
concentrations of total forms of phosphorus and nitrogen increased during this pe-
riod, this was attributed to the inflow of fresh water from the Szczecin Lagoon which
contained more organic compounds of phosphorus (Poleszczuk 1998).

During the final period, between November-April, when water temperature
dropped < 8°C. the mineralisation of near bottom water in the Pomeranian Bay
showed the lowest values, what can be related 1o the increased inflow of fresh water
from the Szczecin Lagoon and the homogenising effect of storms mixing the fresh
water in the surface layer and more saline near bottom water. Oxygen saturation
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values were usually 90-100%. The deficits in oxygen concentrations can be ex-
plained by the predominance of the dissimilation processes over assimilation ones.
The observation is supported by clear, though not large, decline in Eh values and
increase in COD-Mn and total alkalinity.

The obtained results seem to justify the characterisation of water quality
changes in the near bottom layer of the Pomeranian Bay into three seasons. Chemical
composition of water in this region is undoubtedly influenced by the fresh water
inflow from the Szczecin Lagoon but this is more evident in the surface water layer
than near the bottom, because chemical stratification of water in this region is quite
strong particularly in autumn-winter-spring periods. This is relevant particularly in
the case of oxygen depletion to 20-40% saturation value, caused by degradation of
allochthonous organic matter and brought in by fresh water from the Szczecin La-
goon (Wiktor and Wiktor 1961) and accompanied by the increase in total phosphorus
and total nitrogen concentrations.

The collceted data can form a basis for mass balance calculations of the turn-
over of material in the Szczecin Lagoon.

CONCLUSIONS

1. Near bottom water (depth > 10 m) in the Pomeranian Bay, close to the mouth of
the river Swina, was examined between 1991-1994 and showed little spatial dif-
ferentiation as regards chemical composition, though considerable temporal
variability depending on the season was detected.

2. The obtained results were classified in three quasi-seasons of water quality:

- late spring/summer: between May and July, characterised by water tempera-
ture in the range from 8°C to the annual maximum on the turn of July and Au-
gust and by the maximal water salinity,

- summer/early autumn: between August and October with water temperature
declining from the annual maximum to ca. 8°C and salinity around the annual
mean,

- late autumn/winter/early spring: between November and April. with water
temperature below 8°C and salinity below the annual mean.
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Polish analytical standards — determination of nutrients and measurement of pH
and Eh in water and wastewater

PN/C-04537.02. Woda i Scieki. Badania rozpuszczonych ortofosforanow koloryme-
tryczng metoda molibdenianowa z chlorkiem cynawym jako reduktorem
PN/C-04540.03. Woda i scieki. Badania wartosci pH. kwasowosci i zasadowosci.
Oznaczanie kwasowosci 1 zasadowosci mineralnej i ogélnej metodg miarecz-

kowania wobec wskaznikow.

PN/C-04545.03, Woda i $cieki. Oznaczanie rozpuszczonego tlenu metoda Winklera
w modyfikacji azydkowe;j.

PN/C-04551.01. Woda i $cieki. Badanie zawartosci wapnia.

PN/C-04562.01. Woda i Scieki. Badanie zawarto$ci magnezu.

PN/C-04566.09. Woda i Scieki. Badanie zawartosci siarki i jej zwigzkéw. Oznacza-
nie siarczan6w metoda wagowa,

PN/C-04537.09. Woda i Scieki. Badanie zawartosci zwiazkéw fosforu. Oznaczanie
fosforanéw ogdlnych metoda kolorymetryczng lub  ekstrakcyjno-
kolorymetryczna.

PN/C-04567.08. Woda i Scieki. Badania zawartosci krzemionki. Oznaczanie krze-
mionki ogélnej metodami kolorymetrycznymi.

PN/C-04576.01. Woda i Scieki. Badania zawartodei zwiazkow azotowych, Oznacza-
nie azotu amonowego metoda kolorymetryczna indofenolowa.

PN/C-04576.06. Woda i sScieki. Oznaczanie azotu azotynowego metoda koloryvme-
trvczng z kwasem sulfanilowym i 1-naftyloamina.

PN/C-04576.07. Woda i Scieki. Oznaczanie azotu azotanowego po redukcji w ko-
lumnie kadmowej.

PN/C-04576.14. Woda i scieki. Badania zawartosci zwiazkow azotowych. Oznacza-
nie azotu ogolnego.

PN/C-04578.02. Woda i scieki. Badanie zapotrzebowania tlenu i zawartosci wegla
organicznego. Oznaczanie chemicznego zapotrzebowania tlenu (ChZT)
metoda nadmanganianowa.

PN/C-04578.04. Woda i scieki. Badanie zapotrzebowania tlenu i zawartosci wegla
organicznego. Oznaczanie biochemicznego zapotrzebowania tlenu (BZT,) bez
rozcienczania probki.

PN/C-04632.03. Woda i sScieki. Ogoélne zasady pobierania prébek do badan fizycz-
nych, chemicznych i biologicznych. Technika pobierania probek.

PN/C-04632.04. Woda i dcieki. Ogolne zasady pobierania probek do badan fizycz-
nych, chemicznych i biologicznych. Utrwalanie i przechowywanie probek.

PN/C-06504. Analiza chemiczna. Przyvgotowanie roztworéw buforowych.
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STAN JAKOSCIOWY WODY BALTYCKIEJ
W STREFIE PRZYBRZEZNEJ POMIEDZY DARLOWEM [ LEBA

Streszczenie

W latach 1991-1994 badano chemizm wod naddennych Zatoki Pomorskie]
w iniejscu 6 stacji pomiarowych w poblizu ujscia Swiny. Oznaczano wybrane

wskazniki mineralizacji (CT', SO,". HCO; . Ca*". Mg®") temperature, pH, i wskazni-
ki stanu redoksowego wod ( O3 oy, . COD-Mn. BODs), a takze wskazniki trofii (ste-
zenia NO;, NO; . NH , Ny, PO :rm « POsog, Si0; ro,p). Wykazano brak zréznico-

wania przestrzennego wéd naddennych na badanym akwenie i réwnoczesnie wyste-
powanie zmiennosci sezonowej ich skiadu chemicznego. Wyrézniono trzy quasi -
sezony (maj-lipiec. sierpien-pazdziernik, listopad-kwiecien), kiedy chemizm wad jest
wzglednie ustabilizowany i rézny od chemizmu wod w réznych okresach. W zwiaz-
ku z tym, ze wody naddenne Zatoki Pomorskiej moga naptywa¢ i naptywaja rynng
toru wodnego Swinoujscie — Szczecin w gére estuarium Odry, zebrane dane moga
by¢ przydatne przy wykonywaniu bilanséw doplywu réznych substancji do Zalewu
Szczecinskiego.



