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Abstract

Between May and October of 2003, mineral compositibsurface (0.5 m deep) and bottom (5.0
meters) waters, at measurement stations in northeweand south-eastern parts of Great Lagoon
(Szczecin Lagoon), have been studied. Total conmtiomis of ionic macrocomponents: N&”,
ca&*, Mg®*, CI, HCO, SO have been determined. Differentiation of ionic pmsition and
changing level of concentrations of ionic macrocomgnts in waters, depending on location of
measurement station, depth of water sample calleetnd time of examination, have been proved.
Bottom waters in south-eastern part of Great Laguah highest salinity level, whereas surface
waters in the same location had lowest degree lafitya Taking into consideration relatively
small number of measurements, authors of presgmtrpagard outlined investigations as diagnos-
tic and obtained conclusions as preliminary onesards substantial variability in ionic composi-
tion and magnitudes of concentrations, it is pcaty impossible to forecast and define values of
concentrations of individual ionic components amheyal salinity degrees, basing on chlorides
concentrations, what was often pursued, until now.
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INTRODUCTION

Researches on water salinity of the Great Lagoaishwis the greatest water region
of Szczecin Lagoon (Fig. 1) have a long histomyceithe first surveys on Szczecin
Lagoon salinity level had been published on tha tfrthe 18' century in papers of
Brandt (1896, 1906). Systematical investigationshim subject were carried in the
fifties of the last century.

Among papers referring to the issue, papers of MKU1960, 1970), Majewski
(1964, 1972, 1980), Zaborowska-Mionlzgka (1963), Wypych (1970), Mtodzka
(1974, 1980a, b), Chlubek (1975), Buchholz (19®%)a,Jasiska (1991), Ro-
bakiewicz (1993), Mutko (1994) and Poleszczuk (E661997a, b, 1998, 2003)
seem to be of the greatest value. In most of quptddications salinity was deter-
mined in terms of chlorinity by the Knudsen methi@xkner 1952). Chlorinity was
re-counted basing on Knudsen oceanographic tab8xl§, applied for determining
salinity of marine and oceanic waters.

Procedure described above had been used for examimters of Szczecin Lagoon
in the fifties of the last century by Wypych (19°&0)d later was generally applied by
other scientists, except Miodska (1974, 1980b), and Poleszczuk (1997a, 1998).
Mentioned scientist admitted that it is more proged adequate to determine con-
centrations of chlorides using methods providedstodies on inland fresh waters,
considering low mineralization level of Szczecingban which is mixed marine-
freshwater reservoir with waters of lodegree of salinityOnly papers of Mio-
dzinska (1974, 1980b) and Poleszczuk (1998) presenltsest complex examina-
tions of all ionic macrocomponents of waters ad agldetailed analysis of changes
in mineral composition of Szczecin Lagoon waterthiniits annual cycle.

All quoted papers prove that waters of all regioh§zczecin Lagoon are character-
ized by changing salinity level, within passagetiofe and depending on place,
alike. It is obvious since waters of Roztoka Odeta are less filled with salt than
waters within SzczeciSwinoujscie shipping channallose to I. channel gate the
northern part of Great Lagoon, where backflow ofimeawaters flowing from Pom-
eranian Bay istrongly marked Simultaneously, what was proved by Poleszczuk
(2003), mineral composition of waters in south asgecially in south-eastern part
of Great Lagoon should be different from watersarth-western part of Lagoon,
where inflow of sodium-chloride waters from thethds distinct, due to surface in-
flow of inland river waters (effect of Coriolis Fa®), rich in calcium and hydrocar-
bonates.

It is important to emphasize that during evaluatidrwater composition of mixed
marine-inland waters, rule of additivity should et applied for determining min-
eralization degree (Miodiaska 1974, 1980b), because during merging river nwate
into marine, series of processes leading to corations changes of particular com-
ponents occur. Among them essential are procedsesrption exchange (Mio-
dzinska 1980a, Poleszczuk 1998), deposition and dissolwf substances, when
exchange of mass between water depths and defadsatsplace and other processes
until equilibrium between peptization and coagualatdf colloids is settled (Pole-
szczuk 1996b).
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Therefore while we examine the degree of salif@¥s) basing onformula estab-
lished by Miodzhska (1974, 1980b) which presents general, avefagehe

Szczecin Lagoon relation between S%., precisely eercwz m,, * and Cl%o, and

applying other formulae which enclose relation kesiw (Cl%.) and water concentra-
tion of particular ionic macrocomponents, we mapeet that calculated values of
concentrations of individual ionic macrocomponerftem various water regions
may be incorrect. As well as results of evaluatidriotal mineralization are also
faulty.

It's important to stress, that formulae of Mitofkdka (1974, 1980b) were fixed on the
strength of outcomes carried in 1970, while resoftanalogical researches which
also gave foundation for establishing of similamfalae — presented by Poleszczuk
(1998) had been collected in 1992,

Determining the mineralization size and mineral position of waters, belongs to
essential tasks when characteristics of water pestdnas to be elaborated (Directive
2000). In present work an attempt was made to eefia real relation between con-
centrations of individual ionic macrocomponentsaaiters as well as between sum

of mentioned macrocomponents concentratio@rﬂon) and concentration of

chlorides in subsurface layer and bottom watersGtat Szczecin Lagoon, alike.
Researches were carried between May and Octob20G¥. Examined waters de-
rived from measurement stations in north-westewh south-eastern parts of Great
Lagoon.

MATERIALS AND METHODS

Investigations were carried between May and Octabe2003. Samples of water
were collected once a month at station No. 1 and2Nm north-western and south-
eastern parts of the Great Szczecin Lagoon, ragpbc(Fig. 1, Tab. 1). Water has

Table 1
Measuring stations in Great Lagoon (Szczecin Lapedacation
Station| Geographic | Depth | Type of bottom Location
No. location data | (m) deposits characteristics
53°49°86N . Great Lagoonr- near buoy “TW-1"
1 14°22'56E | °9 black silt | North-West from II. Gate Way
Great Lagoor- on East from buoy
53°44°36N : “6” at fairway Swinoujscie-
2 14°26°73E 53 black silt -Szczecin (on East from Ill. Gate
Way)

Y indicator — used by Trzasika (1970), as a measure of total salinity of veatérSouth Baltic,
and also found in papers of Mtodgka (1974, 1980b) where was applied to define ralizer
tion degree of Szczecin Lagoon waters — and wasribed as a sum of ionic macrocompo-
nents concentrations in waters (g-Jm
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been taken with Patalas scooper from the depthDfr0above Lagoon bed. After
filtrating (filter with micro pores 0.4%um in diameter) — samples were analyzed in
laboratory within 12 hours after collecting. Follony parameters were measured:
chlorides (argentometrically), sulphates (graviicatty), concentrations of calcium
and magnesium (complexometrically), concentratibbicarbonates as total alkalin-
ity — were determined acidimetrically and concetidres of ions: Naand K — us-

ing the method of atomic absorption spectrophotom&AS) (Polish Standards).

Obtained data were subjected to statistic evalnafiverage, lower, upper quartiles,
standard deviations (SD) and variation coeffici@¥%) has been reckoned. Me-
dians of set of separate measured ionic macrocoemperad also been taken into
account. Equations of linear regressitg,(g - dm?)=A+B - (Cl%0)+SEE containing

relations between concentrations of particulardonacrocomponents of waters and
chlorides concentrations have been estimated. Eqsatlescribing sum of concen-

trations of all the waters ionic macrocomponerE Mn,.) Q- dm?®) from chlorides

concentrations (Cl%o.) have also been considered.

All of the calculations were made in statistics laggtions contained within com-
puter library Statgraphics (Statistica for Windoi@94) with significance level 0.05
(Sokal and Rolf 1995).

RESULTS AND DISCUSSION

Outcomes of measurement and determination of pdatiGgonic macrocomponents
of water from the Great Szczecin Lagoon between K&y October of 2003, has
been presented in Table 2 in the form of adequete of results. In Table 3 equa-
tions of linear regression displaying relationsiestn values of concentration of in-
dividual ionic macrocomponents and sums of masgagticular ions contained in

1 dn? of waterz M, in the function of Clconcentrations.

In relation to comparatively small number of datdained from measured indices,
our studies should be regarded as pioneer and atigrwhereas results of statistic
calculations and initial outcomes and conclusiagpraliminary ones.
Simultaneously we have to point out, that in waex@mined in 2003, Gtoncentra-
tions and concentrations of other ions of “marimgivhtion” were relatively low
(max. chlorinity=1.72 g CI-difiwhenxc =0.99 g Cl-drif), whereas set of results
was clearly asymmetric in relation to median, whittlicates the predomination of
processes of water desaltation over processeslin&tian caused by backflow of
Pomeranian Bay waters.

Presented data show that surface waters (to 0.5deruwater surface) at both
measurement stations were less saline than bottararsv(at the depth of 5.0 m)
evaluating it in accordance with concentrationsCtf Na', K*, Mg** and SG
when HCQ concentrations both layers of water were balanced and conctotisa
of C&" in surface waters werglightly higher. Similar situation was ascertairied
earlier studies (for instance: Poleszczuk 199649B7a, b, 1998, 2003).
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Significant is fact that bottom waters taken atigtaNo. 2 reveal that ion concentra-
tions in waters of “marine derivation” were largdligher than those measured at the
station No. 1, whereas concentrations of ions fimland freshwatefsn bottom wa-
ters at station No. 2 were lower than those detexchin waters collected at station
No. 1, what is the evidence of occurrence of higiaine waters in bottom layers of
Great Lagon in its southern parts. Described phemam had been observed earlier
(Poleszczuk 1997a, b) and had been profoundly aid éxplained. Great Lagoon
constitutes a part of estuary where flow occursath directionsbut only when in-
tensity of river waters inflow contains within raag95<Q<790 ris™.

In surface layer, inland waters are flowing dowe #stuary, raising and carrying
salt waters laying in bed layers what leads to gmhgrowth of salinity in surface
waters, when bottom waters are constantly supphietfresh” saline sea waters
which are ceaselessly inflowing by the shippingreied Szczecirswinoujscie. It
usually happens in accordance with following prtei the lesser down flow of
river waters — the greater inflow of sea waters.

Therefore, mineralization degrees of bottom anfaserwaters at both measurement
stations was so differentiated. Mineralization Isvat both stations were not sub-
stantially different from each other whereas milieaion of surface waters was
considerably varied at both stations.

Specific relations between concentrations of paldic macroionic components of
waters and Clconcentrations are drawing attention. At statidos 1 in surface wa-
ters, Cl concentrations were linearly correlated with comiions of N3, K,
Mg®" and in lesser degree (because o With SG, whereas at station No. 2, Cl
concentrations were correlated with*Nto a lesser extent with*kand Md”*, what
gives evidence of changes, probably physico-chdnteased by relations between
ionic macrocomponents in waters of Great Szczeeigobn. For bottom waters at
station No. 1, changes in @oncentration were positively correlated with"Ni&*
and Mﬁ*, when correlation with SPwas not proved. At station No. 2 — with Na
K* and Md*, and — with concentrations of HGQoefficient of proportionality

— minus value), while correlation with %(Was not found.

Specific lack of correlation with Gaand HCQ (apart from bottom waters at station
No. 2) —is obvious because Gbns, present in waters of Great Lagoon (Szczecin
Lagoon) are derived from sea water, whilé'Gand HCQ have “inland” origin.The
lack of correlation between Gind S& in bottom waters at both stations and in sur-
face waters at station No. 2, seems to witnessligezb SG concentration, what
convinces of occurrence of ecosystem processeshwiguse “binding” of S
when S@ level is rising (as a result of marine waters imjand contrary — when
SO; concentration in waters is decreasing (as a rémdhwater down flow) ions
SQO; are “released into water depths”.

2 nominally — because Odra river are calcium-bicagbes waters, although simultaneously aver-
age concentrations of €an waters of Pomeranian Bay are higher (ca. 107 mgd@y’) than
concentrations in Odra (ca. 75 mg Ca3InDnly concentrations of HGh Odra waters reach
150 mg HCQ@-dm?® in comparison to 92 mg HGOdm® in Pomeranian Bay waters (where
chlorosity constitutes 4%.) by Poleszczuk (1997a).
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It seems, that processes responsible for suchrgebaare processes of coagulation
<—> peptization of colloids of organic matter, whiare accompanied by incorpora-
tion of bivalent anions and bivalent cations into strucwegel micelles during co-
agulation (occurring under influence of salinibcliease) and disintegration of mi-
celles during peptization (caused by freshwaterrdfiow). Described effect should
also be accompanied by changes (decrease andsegmefabivalent cationsCa’™
and Md". Such an effect has been confirmed, because atiores between Mg,
C&’*concentrations and Tare respectively poor or statistically insignifita®ut-
lined processes evidently occur, also in surfacemsat station No. 2.

Statistically significant correlation between conications of Cland HCQ' in bot-
tom waters at station No. 2 (with minus mark offtioient of proportionality) can
be explained by saline activity of chlorides on gQOcausingshifting the reaction
equilibrium towards the left:

CaCQy+ COy+H0=C&"+2HCG; 1)

to such an extend , that it makes up the effegrafth of CaCQ@ solubility, due to
rising of water ionic strength (salt effect) aslifting the reaction equilibrium to-
wards the right:

CO{+H'=HCO; 2)

Bottom deposits of Roztoka Odrska and of southern part of Great Lagoon are ex-
ceptionally rich in CaC@(Majewski 1980), whereas pH of waters in that pdrs-
tuary used to be relatively low with comparisonptd values of waters from other
regions of Szczecin Lagoon (Poleszczuk 1997a).

Equations which depict dependence of total mineatibn values Emon) upon

the concentration of Clwhich had been presented in Tab. 3, were putdaab. 4,
together with analogical dependences for waterSzuizecin Lagoon, Pomeranian
Bay and World Ocean. Collected data show thabbowvaters at stations No. 1 and
No. 2 in Great Lagoon (Szczecin Lagoon) in 2003ewaore mineralized in com-
parison to surface waters. Mineralization in botteaters at station No. 1 was ex-
ceptionally strongly dependant (highest valueswhber coefficient at the concen-
tration of chlorides) on concentration of chlorid@s other words: dependant on
backflow of sea waters. Salinity of surface watgrstation No. 1 was distinctively
strongly dependant on marine waters backflow. Serfaaters at station No. 2 had
lower mineralization level and had characterisbposition — more dependent on
concentration of chlorides.

CONCLUSIONS

On the ground of collected data, (which were assuagepoor and not sufficient),
we can admit that researches on mineralizationatérs of Szczecin Lagoon carried
in 2003, should be regarded as preliminary, whereaults of statistic calculations
as initial. Summarizing we can come to followingclusions:
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1. Mineral composition of waters from north-westemnd south-eastern parts of
Szczecin Lagoon in 2003 was in the high degreewdifftiated for surface (0.5 m
deep) and bottom (5.0 m deep) waters, as far aiyq@an composition) and
degree of total mineralization, were concernedi@otwaters were always more
mineralized than surface waters, showing considenasemblance of composi-
tion and concentration at both stations. Surfactemsaat both stations were less
mineralized, and salinity of surface waters in havestern part was substan-
tially higher than salinity of south-eastern watef&reat Szczecin Lagoon.

2. Specific differences in ionic composition andléwel of total salinity of Great
Szczecin Lagoon waters, dependent on location adisorement station and
depth, prove that in ecosystem of Szczecin Lagogportant transformations
take place. Outlined transformations cause chanfieontents of some ionic
macrocomponents which flow down the estuary waats— as the consequence
— calculation on concentrations of individual ionitacrocomponents (when
there is necessity to obtain precise data abou¢nalirtomposition) in waters of
Great Lagoon basing on equations available inditee is potentially erroneous.
Accessible equations showing relations betweenageesconcentrations of par-
ticular ionic macrocomponents, average total dgliof Szczecin Lagoon and
concentration of chlorides can be faulty and improfhat is why, most appro-
priate way of obtaining reliable data are reseaabre mineral composition of
waters taken at adequate locations within Greakeétie Lagoon, carried for
every water depth.
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O ZASOLENIU WODY W WIELKIM ZALEWIE SZCZECNSKIM
RAZ JESZCZE

Streszczenie

W roku 2003 w okresie od maja dozpaiernika oznaczanoegienia ogélne makrosktad-
nikéw jonowych (N4, K*, C&*, Mg®, CI, SG;, HCO) i na podstawie tych oznadzebli-
czano przyblione wartéci zasolenia wod Wielkiego Zalewu (Zalew Szc#ski). Préby wody
do bada pobierano w miejscach stacji pomiarowych zlokaliaaych w pdétnocno-
zachodniej (stacja nr 1) i w potudniowo-wschodr{&pcja nr 2) cgciach Zalewu. Wogl
czerpano z warstwy powierzchniowej (zlybkasci ok. 0,5 m) i naddennej (zgpokasci ok.
5,0 m). Préby wody do bafigpobierano z agstotliwoscia raz w miesicu. Ze wzgtdu na
niedwa liczbe pomiaréw, badania te traktowano jako rozpoznaweaejch wyniki — jako
ustalenia wsipne. Badania potwierdzity znany weéneej fakt znacznego z#éicowania
skladu jonowego i gtenia substancji mineralnych w wodach Wielkiego Zalev zaleno-
$ci od miejsca poboru préb igdokasci, z jakiej proby pobierano. Wody naddenne byty
wyraznie bardziej zasolone od wdd powierzchniowychnambu ww. stacjach, przy czym —
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co byto dé¢ zaskakujce — bardziej zasolone byly wody naddenne w potwsoi
wschodniej cgsci Zalewu. Jeeli chodzi o wody powierzchniowe, to — jak byla teiadome
z wezeniejszych bada— bardziej zasolone bylty wody w pétnocnegsd Zalewu. Z réwna
regresji liniowej, ujmuicych zalenosci pomidzy wartGciami stzen poszczegodinych
sktadnikdw mineralnych agteniami jondw chlorkowych, a tak z réwna ujmujacych za-
leznosci pomidzy kacznymi masami makrosktadnikéw jonowych zawartycH win? wéd
(oznaczanymi w teicie pracy jakoz m,,) — takee ze szenia jonéw chlorkowych, w wo-

dach na obu stacjach i w obu badanych warstwaclkayie istotne statystycznie korelacje
uzyskano jedynie dlagten Na' i K™ oraz Emion — przy czym wakai statej i wspotczynni-
ka w réwnaniu regresji liniowej — dla kdej z 4 kategorii wod (2 stacje x 2 warstwy wody) —
byly wyraznie r&zne. Zwazane to bylo z zachodzeniem w ekosystemie Zalevealt(# drogi
sptywu wdd w dot estuarium) przemian prowaadzch do zmiany skltadu chemicznego wad.
Ustalenia te wskazaj ze wyniki obliczéx skladu jonowego wéd i zasolenia wykonywane na
podstawie ogolnych gwednionych) dla calego Wielkiego Zalewu révirkorelacyjnych uj-
mujacych zalenos¢ pomidzy stzeniami wybranych sktadnikéw makrojonowych wod oraz
ich ogdllnego zasolenia odestnia chlorkbw mog prowadzé do otrzymania wynikéw
znacznie réniacych st od wartdci rzeczywistych. W tej sytuacji jedynym i najpewjsizym
sposobem na ustalenie sktadu jonowego i wartsizzen wybranych makrosktadnikéw jo-
nowych oraz zasolenia ogélnego wad jest wykonad@owiednich oznaczesigzen wszyst-
kich sktadnikéw makrojonowych wod Wielkiego Zalewu.



