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Abstract

Basing on results of measurements of total concentrations of magnesium and calcium in surface
and near bottom water of the river Odra estuary (at stations located in Roztoka Odrzaniska, Great
Lagoon and Wicko Lake) between 1991-1993 an attempt was undertaken to quantify the relation
between the magnitude of the observed Mg*',,, and Ca®*, concentrations, monthly mean river flow
(Q, — measured in Gozdowice) and sea level in the Pomerantan Bay (readings from the mareograph
in the mouth of the river Swina to the Pomeranian Bay). It was found out that magnesium concen-
trations are most affected by the mean flow of the river Odra and the strongest relation (the magni-
tude of correlation coefficients and the highest statistical significance) was obtained between the
total concentration of Mg?* ., and the mean @, in the month of measurements and the two preceding
months. The variations in sea level in the Pomeranian Bay, which can be used as an indicator of
saline seawater inflow into the estuary, influenced the studied concentrations only in the southern
part of the Great Lagoon.

INTRODUCTION

The estuary of the river Odra comprises the following water bodies: Pomeranian Bay
- characterised as the [-order estuary, Szczecin Lagoon together with the straits of the
rivers Swina, Dziwna and Piana - the ll-order estuary, and Roztoka QOdrzanska, in-
cluding Domiaza strait and the mouth sections of the western Odra and Dabie Lake -
the I1l-order estuary. The presented classification was based on the mixing degree of
fresh and marine waters.

The mineralisation of water in the I-order estuary. i.e. in the Pomeranian Bay
(salinity 7.5-8.0%o, chlorinity 4.0-4.5%o) is uniform with the salinity of the surface
water in the southern Baltic Sea (Demel 1974) and it is stable. However, in the [I-
and [lI-order estuaries, transformed fresh/saline water is transported, with domina-
ting rive-rine water component, hence the chemical composition of these waters
changes, depending time and location. The Szczecin Lagoon and other mentioned
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water basins. straits as well as the river Odra bed are temporarily filled with saline
water which enters the estuary via the Swina, Dziwna and Piana straits. Hence the
resulting salinity in these basins depends on the current river Odra flow on one hand.
and on the intensity of saline water inflow from the Pomeranian Bay, the latter being
influenced by the storm surges driven by wind and variations in atmospheric pres-
sure.

During the back flows of saline water from the Pomeranian Bay, water salinity
in the Szczecin Lagoon increases up to 6-7%o. Hence. in practice. water in all the
basins of the II- and I1I-order estuary of the river Odra is characterised by consider-
able variability of chemical composition (Mikulski 1960, 1970, Majewski 1964,
1972, 1980, Wypych 1970, Buchcholz 1990 a,b, Jasiiska 1991, Mutko 1994,
Poleszczuk 1996, 1997, 1998). Simultaneously, river Odra collects water from 122
712.1 km® of an industrialised and urbanised catchment area (Mikotajewski 1966)
and transports large amounts of variable substances in the dissolved form or in sus-
pensions (Dubrawski and Andrulewicz 1972). Particular importance in this respect
has to be given to the municipal and industrial waste water input from the Szczecin
agglomeration. The load of untreated waste water is discharged directly into the river
Odra and is subsequently transported down the estuary (Mutko and Landsberg-
Uczciwek 1993),

The evaluation of the magnitude of concentrations and the determination of
the variability of chemical components in water is considered as one of the funda-
mental tasks in biotope characterisation (Perthuisot and Guelorget 1992). Among the
numerous ionic macro-components - magnesium and calcium are the two bioele-
ments playing an important role in biohydrogeochemical processes undergoing in
natural waters (Macioszczyk 1987).

Literature concerning the mineral composition of water in the Szczecin La-
goon presents some results on measurements of the total concentrations of magne-
sium and calcium in Roztoka Odrzanska (Zaborowska-Mtodzinska 1963, Poleszczuk
1996) and Great Lagoon (Mlodzinska 1974, 1980 a,b, Poleszczuk 1997, 1998) which
have been carried out between 1958-1994, however no attempt was ever undertaken
to quantify the relation between the magnitude of the observed concentrations of
these elements and parameters affecting the chemical composition of water in the
estuary: monthly mean river flow (Q. - measured in Gozdowice) - an indicator of the
riverine flow and sea level in the Pomeranian Bay (readings from mareograph in the
river Swina mouth to the Pomeranian Bay) - an indicator of the seawater back flow
into the estuary.

This article presents results of the studies carried out in 1991-1993 on quanti-
fication of the relation of the total concentrations of magnesium and calcium in water
of the selected basins within the river Odra estuary (Roztoka Odrzanska, selected
basins of the Great Lagoon and Lake Wicko Wielkie) as a function of the river Odra

flow and sea level in the Pomeranian Bay, as indicated by the mareograph in Swi-
noujécie.
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MATERIAL AND METHODS

Between 1991-1993 the studies were carried out during the vegetation season: from

April to October. Water samples were collected at measurement stations No 1-7
(Fig. 1, Table 1), when the state of the Szczecin Lagoon was < 4°B.
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Fig. 1. Odra River estuary — location of measurement stations
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Table 1
Location of sampling stations in the Roztoka Odrzanska, central zone of the
Szczecin Lagoon (Great Lagoon) and Wicko Wielkie Lake

St;tci‘on ‘ D(":E;h | Station location [ Short characteristics of the station location

l. 5.0 53%48'N [ Great Lagoon - west to the Gate Way No. [
14°21'E [

2. 6.0 53°46'N || Great Lagoon - near buoy MOS
14°19°E |

3. 5.0 53°42°N Great Lagoon —west to the Gate Way No. 111
14 °26'E

4, 315 53°38'N Roztoka Odrzanska - east side of buoy no. 18
14°34°E

5. 5.0 53%44'N Great Lagoon — east side of Gate Way No. 11}
14°31°E

6. 5.0 53°48'N Great Lagoon — near buoy MI
14°30°E

7 2.5 53°52°’N Wicko Wielkie Lake vis a’ vis strait to Wicko
14°25°E Mate Lake

Water was sampled using the Patalas samplers from 0.5 m below the surface and 0.5
m above the bottom. The analyses were done on filtered samples (celulose acetate
0.45 pm) in the land laboratory up to 12 h after sampling (Polish Standard PN-86/C-
04632.03., PN-86/C-04632.04.).

The general hardness and total concentration of calcium ions were determined
complexometrically. The concentration of magnesium ions was evaluated as the
difference between the total hardness and calcium determinations (Polish Standard
PN-71/C-04554, PN-75/C-04562.01., PN-81/C-04551.01.) similarly to studies on the
chemical composition of seawater in the Baltic Sea (Voipio 1957, Trzosifiska [976)
and to studies of the mineral composition of water in the Szczecin Lagoon by
Miodzifiska (1974, 1980 a,b) and Poleszczuk (1996, 1997, 1998).

Calcium concentration determined by the described procedures comprises, in
fact, the concentrations of calcium and strontium ions, which was already pointed out
by Miodziniska (1980 b). And the total concentration of magnesium forms the sum of
magnesium and other two- and tri-valent jons present in the dissolved form in the
analysed water sample and titrated under the method conditions. In the case of sea-
water from the Baltic Sea the determination of the real concentration of calcium is
simple formally, because the ratio between calcium and strontium in seawater is
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stable and well recognised (Bojanowski 1973). The corresponding molar relations
between Ca and Sr in estuarine water of the river Odra estuary are not defined. hence
such procedure could not be followed. The total concentrations of calcium and mag-
nesium presented in this paper are therefore slightly elevated.

The concentration of chloride ions - chlorinity - was determined in water sam-
ples parallely to calcium and magnesium determinations (Poleszczuk and Piesik
2002).

Analytical precision of the procedures, determined as the relative standard de-
viation, was 3% in the case of calcium and magnesium analyses and 1% in the case
of chlorinity.

The data on the monthly mean river flow of the river Odra, measured at the
water gauge in Gozdowice, were supplied by the Poznan Branch of the Institute of
Meteorology and Water Management. while the indications of the mareograph in
éwincmjécie were supplied by the Maritime Branch of IMGW (Gdynia). Statistical
characteristics of the data set analysed in the article is presented in Table 2.

Table 2
Statistical evaluation of Q;), Q.. Qss: Hy and Ha.
Data from April to October in 1991-1993

gl ]
8= | |
__Ej 21 Qu | Qo | Qo | Qu=05(Qi+ Q) Q= 035(Q+ Q) Qu=033(Q+Q-+Q )} Hi | H:
) |
v o= |
5] | |
1 2 3 4 | 5 6 7 8 | 9
Min | 167 | 167 | 167 | 167 167 170 464 | 479
<X | 347 | 362 | 386 354 374 363 502 | 501
x 1291|318 | 339 305 329 313 s02 | 502
Max | 982 | 982 | 982 799 799 710 540 | 523
SD | 208 [ 176 | 167 174 153 151 18 | 13|
CV% [ 399 [486 (433 | 492 409 414 36 | 26|
Notations

Q.1. Quz. Qi: — monthly mean flows of the Odra Gozdowice (m' ™) in the month of measurement. one

month before and two months before. respectively

H,— sea level in the Swina Channel mouth to Pomeranian Bay (cm). respectively: H - on the day of

measurements, H; — average values by data for measuring day and one and two days before
measurements

SD —standard deviation

CV% - coefficient of vanation

The statistical characteristics of the obtained data included the calculation of
the mean, median, standard deviations (SD) and coefficients of variation (CV). Sea-
sonal variability of the determinands was analysed using the classical “box-whiskers”
procedure (Statistica 1994), where the medians are presented in the form of “boxes™
containing 50% of the results of an increasing series of these results, the results being
equally divided below (25%) and above (25%) the median. The “whiskers™ indicate
the minimal and the maximal values among the remaining results. The measurement
data differing 1.5-fold (minimal) or 3-fold (maximal) from the median are indicated
in Fig. 2. as 0™ and “+", respectively.
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The Spearman rang correlation coefficients were determined between the
i-pairs of determmands as well as mulnple regression equations relating the water
quality indicators (Mg wor. and ca’ "ot ) With the environmental factors (here: riverine
flow Qs and sea level H;). The multicomponent regression equations were determined
by the d priori step-rejection and addition (Forward) (Statistica 1994) using the al-
gorythms from the “Statgraphics” software library, the rejection was done after veri-
fication by sequential Fisher-Snedecor test F = 4.

The following multiple regression equations were evaluated:

b 2
¥, =const + ZA'Q” + ZB,H, + SEE
=1 J=1

The equations of simple linear regression:
v, =const + 4, - [CI') + SEE

between the total concentrations of calcium and magnesium and the chlorinity were
verified in the described manner.

All statistical analyses were carried out at the confidence level « =0.05 (Sokal
and Rohlf 1995).

RESULTS AND DISCUSSION

The results of measurements and subsequent statistical analyses are presented in
tables 3-5 and in Fig, 2. In tables 6-7 the equations are listed which paramerize the
relation between the total concentrations of calcium and magnesium and chlorinity.

The study indicated that the total concentrations of calcium and magnesium in
water at particular sampling stations vary to a considerable extent, the concentration
of Mg 1or Was dependent on the time and location of the sampling and fell in the
range 8-210 mg * dm™. This significant range of concentrations can be explained by
the fact that, in general, the total concentrations of magnesium ions in riverine water
from the river Odra were relatively low during the entire period of the study and
seawater inflowing from the Pomeranian Bay, characterised by chlorinity of about
4%, contained magnesium up to 270 mg * dm™. Hence the transformed fresh/saline
water in the estuary revealed such high variability of Mg”.m concentrations (Tab. 3;
CV%=31-61). Contrary to that, calcium concentrations in estuarine water were rela-
tively stable and fell within the range 85-90 mg g mg * dm”. This can be ex-
plained by the fact that both the concentrations of Ca®’,,, in the riverine water from
the river Odra and in seawater, inflowing temporarliy from the Pomeranian Bay.
were of similar magmtude The concentrations of Ca>” ot in the Odra river were usu-
ally ca. 75 mg *dm™ and in seawater — at chlorinity 4%o - ca. 107 mg *dm™, There-
fore, the resulting calcium concentrations in estuarine water did not show high vari-
ability (Tab. 3, CV% = 7-20) (Poleszczuk 1997, 1998).
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Table 3
Statistical evaluation of the total concentrations of Mg2+ and Ca’’ions in surface (s)
and near bottom (b) waters in the Szczecin Lagoon. Data from April to October
in 1991-1993

T T r 1

| ;tlacl‘: 1:;:;?' [ Stanon | Sianon Smapop | Stabon I Stavon | Stason | Station |
Noel | No2 No3 | Nod4 | Nos No 6 No 7
| charac- | ments | | | 11

1cr:511~!ts} (by | (s) | (b) ts}—ifbl is)]l‘h}
e i 1

| I
(b) ] ) Lo | | ® | | (b) |
L 1

Total concentrations of Mg™™

Min | 8 [ 1217272832 [2 ! 12715 [to] 128 [13]27]28]]2s]3s

x 59 62 86 89 60 o4 J 48 51 £k | 23 | 51 53 64 69 80 41

X 51 5 70 i 53 56 49 49 19 21 | 50 50 &0 &8 83 §2
Max. 210 | 212 210 212 132 134 93 | 94 42 48 21 104 122 129 180 | 185
SD 36 a7 52 53 27 30 21 21 7 ] 21 23 24 25 38 38
CV% | 612 sqa\mu 596 | 448 | 463 | 442 | 416 | 343 | 386 | 407 [ 427 | 371 | 354 “;‘ “:’

Total concentranions of Ca’

Min [ 47 [ 29 [ 70T 76 [ 63 [ 63 |60 [ 60 [ a7 | 20 s8] s7 ] 68T 6o [835]80
% |80 | 80 |8 |8 | & [8 [ 76 a]@] 2] ] 7w %]s]
% 79 | 19 [ 81 [ 8&a | 75 |7 [ 2273|6273 [75 |78 78 |s8]8r
Max | 119 | 126 | 114 | 126 | 119 [ 105 ] 96 | 92 | 102 | 95 | 96 | 98 | 98 | o1 | 103 | 109
SD 12 | iz [ e 3] n 9 AR ] 9 T | 6 | 8
CV% | 149 151 [ 168|166 [ 161 [ 138 [ 123 s |62 191 122123108 94 [ 66 |85

Notations:

(s) —surface waters

(b) — near bottom waters

SD - standard deviation

CV% - coefficient of variation (%)

The determined concentrations of both elements showed little differentiation
between the surface and near bottom water. the total concentrations of magnesium
being usually slightly higher in the near bottom water and calcium — in the opposite
direction. This observation was particularly noticeable in water of Roztoka Odrzan-
ska (station No 4) and in the south-western part of the Great Lagoon (station No 3).
No differences between the surface and near bottom concentration of Ca’ ,,, was
found at other stations in the Great Lagoon. A slight vertical stratification of calcium
concentrations was noted in the lake Wicko Wielkie (station 7). Horizontal stratifica-
tion of the total concentrations of magnesium and calcium in the studied parts of the
river Odra estuary was also described in earlier papers, eg. Poleszczuk (1997, 1998).
The stratification of magnesium concentrations is probably related to the inflows of
saline water from the Pomeranian Bay in the near bottom layer along the estuary and
its stagnation in the Great Lagoon’s basin (Majewski 1980, Poleszczuk 1997). The
specific situation of very weak differentiation in calcium concentrations between the
surface and near bottom layer can be explained by coagulation and peptisation proc-
esses undergoing in colloidal sediments of organic matter. The colloids discharged
into the estuary with riverine water from the river Odra prec1p1tate after mixing with
saline water as gel and absorb bi-positive ions (Ca™ w and Mg™ ;) as well as bi-
negative ones {804 and COy” ) which are incorporated into the micell structures of
the gelatinating colloid.
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Table 4
Statistically significant (a < 0.05) values of Spearman R; correlation coefficients r
rank order for the variable pairs: total ion concenfration - water flow intensity
coefficients of Odra River" or Baltic water level” in Swina Channel mouth
to Pomeranian Bay (bold font denotes the highest values of R, coefficients)

Spearman R, correlation coefficients values fori-te) parr of variables

i=pair of | All measu- Station Station Station Station Station Station Station
variables No 1 No.2 No 3 No. 4 Mo § No. § Na 7
O[O ][®| @[ [d][6 [ ®[6][b][o]6 | o

o1 | -0.47 | 0,48 | -047 | 0,48 | -0,58 | 0,63 | -0.68 | -0.73 | -0.71 [ -0.73 | 0,81 | -0.78 | -0,61 | -0.64 | 0,46 | -0.40
Qs | -0.53 | -0.58 [ 0,67 | 070 [ 0,74 [ 075 | -0.75 [ -0.83 | -072 [ -0.74 [ -0.76 | -0.81 [-0,69 [ -0.70 [ -0.56 [ -0.5]
Qsy | -045 | 047 | 051 ]-052 ] -068 | 067 | -us7|-072 [ 065 | 066 | -050 [ -065]-05 [ ne2[-060] 058
Mg | Que | 0521054 | 061 [ 064 | 069 | 0.7 | -076 ] 032 | 075 [-066 | -0.80 [ -0.82 [ 066 | 070 [ -055 | 650
Q| -052 [ 0,54 | 062 | 0,64 | 075 | 6,74 | 073 | 081 | 0.70 | 0,72 | 0,69 | 0,76 | -0:61 | 0,69 | -0,64 | 0,61
Qg | -0,54 | 0,57 | 0,63 | -0.65 | -0,75 [ -0.75 | -0,79 | -0,85 [ -0,79 | -0,79 | -0,78 | -0.82 | -0,65 | -0,74 | 0,67 | 0,62
H (025|026 * 2 # = |n49 [0 [om | = [as2|os [ ¢ ’ i .
H, |02 |02 [ = 4 . + [pan! gzl v « | 043 [lnes | ow . ’ »
Qs | -0,20 | -021 | * £ G 4 to| 043 | * * [0s4]-08] * [onao] .
QSL . - ._—| - - - - [] . . - " ) = " -
Qs ] * v : n 7 . : : : . v - > v y
Ca | Qs [-017]-008] * * . ¥ . ¥ v . Close| v Tea] .
a 55 - - . - L] Ll - - - » " - - - L] .
é‘; - . = Ld - - = - * . = - - = = -
H) - " * - - . - . * - - - . . * .
H1 - - - - - - - - - - - . - - - -
Notations:
i x S E
"Qyg - monthly average values of the Odra river flow (m” ' s), respectivety:

Qs; - in the month of measuremens
Qg: - one month before the month of measuremens
Qs: - two months before the month of measuremens
Qs - 0.5(Qsi + Qs2)

= Qg5 ~ 0,5 (Qsz + Qs3)

= Qs6~0.33 (Qs1 + Qs2 + Qsz)

H, - Baltic water level in the Swina Channel mouth to the Pomeranian Bay (cm) on the day of
measurements
H: - Baltic water level - average values on the day of measurements and one and two days before

the measurements

* - N.S. — not significant
o - significant level

(s) - surface water

(b) - near bottom water

As a result of salinity decrease, caused by an enhancement in the riverine flow, the
colloidal sediments peptised, whereupon the bi-positive and bi-negative ions were
desorbed into the water of the estuary (Poleszczuk 1996). 1t is worth noticing that the
amount of dissolved organic matter in the Szczecin Lagoon, becomes close to
amount of dissolved mineral substances, i.e. attains considerable magnitude
(Poleszczuk and Kosowska 2002). The variability in measured calcium concentra-
tions was observed regarding both the location of sampling station and the time of
sampling, corresponding to the variability of chloride ions in the Szczecin Lagoon
(Poleszczuk 1997, 1998, Poleszezuk and Piesik 2002). The seasonal increase in cal-
cium concentrations, observed at individual stations, differed quantitatively in vari-
ous parts of the estuary — the maximal was found out in the northern part of the La-
goon and the minimal — in Roztoka Odrzanska.



lotal concentrations of magnesium and calcium ...

13

Table 35

Statistically significant (o < 0.05) values of ,,const” and coefficients in regression

; b
! ; oo 4 %
equation: [total ion concentration in mg:dm ™) = const + £ 4,0, +
=1 :

&

for waters of selected parts of the Odra River estuary

S BH, +SEE
=1

Surface Mg .. Ca i
(s)or i
Results near :I;:il;?nmarr:;%rziss From regression
fqr bottom Const. A and B; o e );a; Const. A and B, analysis of the
station (b) coefficient t:orlq coefficient equation
waters SEE | RZ SEE R*
All Const = 98.7+6.2 -
e @ D o10t0016 | 318 021 | Const=802£09 | 119 | 0.00
(n=182 . _
number | . @by | EoOt=I0IBE3 | 4 o} Ggs | Const=70182009 | 120 | 000
Ag=-0.115£0.016
of data)
Const = 146.1424.1 D e
No | (s) Ag=-0.165+0.061 469 | 0.23 Const=86.842.9 14.6 0.00
(n=126) : Const = 154.0+24.1 =
®) | "N 17a0061 | 208 | 026 | Const=868:28 | 144 | 0.00
’ Const = 104.0+10.2 P
No 2 (s) Ag=-0.12140,026 198 | 048 | Const=80.5£2.5 12.9 0.00
(n=26) Const=112.7+11.2 s e
(b) Ac=-0.134+0,028 21.8 | 0.48 | Const=78.0+£54 10.4 0.00
Const = 134.9£96.2"
A¢=-0.109+0.014 .
No 3 (s) B,=1.14140.355 106 | 0.78 | Const=75.6+1.8 9.3 0.00
(n=26) B,=1.235+0.478
Const = 92.3+£6.6 . O
(b) Ag=-0.113£0.017 127 | 0.65 | Const=745+1.7 8.6 0.00
Const = 33.0+2.7 S
No 4 (s) Ag=-0.03240.007 53 0.48 | Const="73.642.3 11.9 0.00
(n=26) Const =37.7£3.5 4 _ :
(b) A=-0.039+0,009 6.8 | 045 | Const=718+27 13T 0.00
- Const = 83.4£5.6 : B
No § (s) A=0.092+0.014 12,7 | 0.64 | Const=758+1.8 2.1 0.00
(n=26) Const = 93.9+8.0 =
(b) Ae=0.11040,020 156 | 0.55 | Const=764+18 9.4 0.00
Const = 96.1£8.0 . - o _
No 6 (s) Ai=-0.090:0.020 18.0 | 045 | Const=793+1.7 8.5 0.00
(n=26) Const =102.9+8.1 .
(b) A=0.095£0.020 182 | 047 | Const=79.1%1.5 7.5 0.00
| Const=129.0+16.5 o :
No 7 (s) Ag=-0.13420,041 32.0 | 030 | Const=89.6+1.2 5.9 000
=26 Const= 127.3%17.0 - n
=201 ) | g iaei00as | 331 | 026 | Const=89.0+15 | 75 | 000

“a=0.175
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The obtained results do not allow definite determination of seasonality in the vari-
ability of total calcium concentrations. Particularly the data presented in Fig. 2 give
evidence of exceptional uniformity of these concentrations at individual stations.
This observation is in good agreement with the results of analyses on the relation
between the total calcium and magnesium concentrations and water chlorinity (Tab.
6 and 7). The correlation between total concentrations of magnesium was statistically
significant, while the total concentration of calcium did not show any dependence on
chiorinity at all measurement stations, both in the surface an near bottom water with
the exception of the near bottom water in Roztoka Odrzanska.

The results of Spearman rang correlation coeffcients (Tab. 4) calculations and
linear regression equations between the total concentrations of M32+m_ and Caz",m
and the monthly mean Odra flows and sea level changes in Swinoujécie, which char-
acterise the inflows of marine water into the estuary (Tab. 5) revealed statistically
significant correlation between the total magnesium concentrations at certain meas-
urement stations (especially at stations No 3 and 5 and to a lesser extent at station 4)
and both forcing agents.

The total concentration of magnesjum in surface and near bottom water of
Roztoka Odrzanska (station No 4) was inversely proportional to Qg; (Tab. 4), and the
highest statistical significance was found in correlation between this concentration
and Qg (Tab. 4 and 5), i.e. the mean flow of the river Odra in the month of meas-
urements, the preceding month and two months before the month of measurements,
with determination coefficients R® = 45-48 %. The magnitude of determination coef-
ficients give evidence that the total concentration of magnesium in estuarine water
was mﬂuenced not only by the effect of direct mixing, leading to dilution or concen-
tration of Mg”"; ions, but also by the mass exchange processes (sorption and coagu-
lation). Similar conclusions were drawn from earlier studies by Mlodzinska (1980b)
and Poleszczuk (1996).

The influence of mareograph readings on the magnitude of Mg”" ., concentra-
tions in estuarine water, determined from Spearman rang corelations (Tab. 4),
pointed out to a direct proportionality between Mg’',. and H,. This observation
carries conviction that the elevation of water level in the estuary from the mouth of
the river Swina up to Roztoka Odrzanska is transferred very quickly, as if acting on
the principle of liquid level equilibration in communicating vessels (Mielczarski
1987, Buchholz 1990b). This effect (Tab. 4) was particularly pronounced in the
southern part of the Great Lagoon (stations No 3 and 5); station No 3 being a special
example because the correlation between Mg wt. concentration in surface water and
Q,; and H; was found here in an excepnonal number of measurements (R2 = 55-78%).
Beside the presented correlations, inverse proportionality was detected at these sta-
tions between the magnesium concentrations and Qg (Tab. 4 and 5), direct propor-
tionality to H; (Tab. 4, stations No 3 and 5 and Tab.5, station No 3 - surface water)
and inverse proportionality to H,, that is to the mean readings from mareograph on
the day of measurements, and two days preceding the measurements. The obtained
results give evidence that in this part of the estuary, due to the effect of communicat-
ing vessels, saline water from the near bottom layer is very quickly “pushed” into the
surface layer.
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Table 6

Total magnesium (Mgz’,(,m) concentrations (in g/1000g) versus chlorinity (Cl %o)
in selected water bodies of the Odra River estuary

Coefficrent m —’ Correlas l
Fauanion; ton coef- Chlorinity Penod of
Water body | 100 concentralion I ﬁnc::ni m;l;; - vestigitions Data source
=A(Cl %) =B | R , 5
A B | i
1 2 | 3 1 4 1 s 6 7
I T 1 o
. ] October 1958 & .
Rozioka " i Zaborowska-
- Odrzagska 0.0243 | 0.0099 ! 373 | ¢ 06-0 39 Dle;;g!ber Milodziiiska 1963
e
£z Roztoka April-Octoberin cntold
g Peacesan L) 0951 | 008070 L aiabertn | Poteszezuk 1997
o ! March-
s Roz{?k& 2 00532 | 00082 0962 0.08-070 November in | Poleszczik 1996
€ | Cdumsa 1991-1994 o
5 | Romoka |(s)| 00392 [ 00110 [ 0790 March-
drzanska"' i 0,08 —0.58 November in this study
?St‘;“(: 4&} ()| 00113 | 00192 | 0390 | A
Great Lagoon | 0.0693 | 00056 | 098 [ 010-250 1970 Miodziiska 1974
all stations in March- . §
Great Lagoon® | 00600 | 00080 | 0933 I 0.08-289 |\ oset | Poleszcauk 1998
Great Lagoon — Apnil-October I
| Central Zone® | %0668 l_0.0013 0.961 | 030-1.60 0011993 | Poleszczuk 1997
g all stations in 3 April-Octaber . N
! Great Lagoon” 00588 | 0.0085 0.980 0.08-3.40 lo01-1993 | Poleszezuk 1997
c [ GreatLa- | (s) | 00570 | 0.0103 0.965 g
g goon” 0,08 —340 N lﬂiﬁm‘r m this study
0 - (s S
g | (stationsno. | (b) | 0.0486 | 0.0160 0.897 : ' 1991.1994 -
“ 1 12356
Wicko | {sy | D0794 |-00030 | 0907 et
Wielkie "
N W 0,33 -2.05 November in this study
Lake'  |(b)]0.0575)0.0131] 0.819 ke 10511004
(St no. 7)
Pomeranian Bay” | 0.0670 | 00020 | - 4.00-450 | 1960-1966 Trzosinska 1970
8§ Central Zone | 0.0670 | 00019 | 0970 350450 1960-1966 | Trzosinska 1976
§ § Western Zone | 0.0792 [ oosto | 0970 4.00-4.50 1960-1966 | Trzosinska 1976
n B S g - - o
- “g@‘f‘;‘:ﬁ:{;“;ﬁ 00619 | 00211 | 0982 | 385450 1991195 | Polessozik et
s | Western Zone” | 0.0664 [ 00056 | 0970 | 450-10.00 1960-1966 | Trzosifska 1976
Central Zone® | 0.0658 | 00100 | 0970 | 450950 1960-1966 | Treosiska 1976

Explanations to Table 6:

'SB -

1)
2)
3)
4)
5)

6)
7)
8)

Southern Baltue

surface and near bottom waters (depth < 7 m)
surface waters (depth only < (.5 m)
surface and near bottom waters (depth <6 m)
surface and near bottom waters (depth < 3.5 m)
1 Trzosifiska (1970), equation which determined relation for the southern Baltic, but the chlorinity range
probably from the Pomeranian Bay water,
near bottom waters (depth < 10 m)
surface and near bottom waters (depth < 20 m)
surface and sampling from different depths (depth < 76 m)
(s) - surface waters (depth = 0,5 m)
(b) ~ near bottom waters (depth difference in stations — vide Tab 1)
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Table 7

Total calcium (Caz*mlj concentrations (in g/1000g) versus chlorinity (Cl %)

in selected water bodies of the Odra River estuary

[ Coefficient in equation | Corre- | I
1on concentration = A lation o "
, Chlorimty Penod of inve-
Water body (Cl %0)+B coeffi- r;nge - sti ge:ll oS Data source
A cient
r 1
] 2 H 4 | 5 6 7
Roztoka { z { [ October 1958 Zaborowska-
Z Odrzanska 0078 § 0o 0618 | 006039 |~ December 1960 | Miodznska 1963
W T I
& -Romla 0,0128 00714 | 0154 | 008.070 | AprhOcOberim | ek 1997
% Odnﬂskaj‘ oy . ¥ |E 1991-1993
c Roztoka P S March-November .
::g Odrzafiskad 0,0162 0.0662 . 0,243 0.08-0,70 1 1991-1994 Poleszcruk 1996
= 3 ) | 02 |
2 OdRﬁ'::a" R 0063 | 0201 008058 || March-Novesnber this study
; {b)y| -0,0017 0.0724 -0 039 " E in 1991-1994
(St no 4) |
Great Lagoon 00161 0.0646 0.780 0,10-2.50 1970 Miodzinska 1974
allsanonsm | 60100 | 00860 | 0053 | 008289 | MachMNovember | oL nk 1998
Great Lagoon 1992
Great Lagoon — =50 | 2% Apnl-October o =
= Ceneal Zone™ 0,0018 00777 | 0073 : 0.30-1.60 1991-1993 Poleszezuk 1997
£ [ all stauons i ; Apnl-October B
g Great Lagoon“ 0,0093 0,0722 0,438 0.08-3.40 19911993 Poleszczuk 1997
= Great (s) 0.0088 00717 0.425
3 Lagoon“ March-November
2 (Stno (by | 00077 0,0714 0,444 0.08-3,40 in 1991-1994 this study
| 1.235.6)
Wicko |{s) ] -0,0020 | 00916 | -0143
Wielkie | { m March-November
| 33=2 <
Lake" | @) | -00082 | o0om | -0302 | 93295 1 T in1991-1994 this: S10d
(St no 7) | |
> PO]?;::’[:IM 0.0180 0.0350 B 400450 | 1960-1966 Trzosinska 1970
g
= Central Zone 0,0228 0.0127 0,920 3.50-4.50 1960-1966 Trzosinska 1976
g Western Zone 0,0143 10,0503 0,800 4.00-4.50 1960-1966 Trzosuska 1976
5 | near Swinouj- _
§ | sce - bottom 0,0120 00598 | 0805 | 3.85450 1991-1994 i
- waters”' J | B
sp° | Westem Zone” | 00210 © 00189 | 0920 | 4.50-10.00 1960-1966 Trzosiaska 1976
Central Zone" 00204 | 0.0239 0,920 4.50-9 50 1960-1966 | Trzosmska 1976

Explanations to Table 7

"SB - Southern Baitic

1)
2)
3)
4
3)

6)
7
%)

surface and near bottom waters (depth < 7 m)

surface waters (depth only < 0.5m)

surface and near bottom waters (depth < 6 m)
surface and near bottom waters fdepth < 3,5 m)

m Trzosmsha (1970). equation which determined relation for the southern Baluc, but the chlonnity range

probably from the Pomeranian Bay water,

near bottom waters (depth < 10 m)

surface and near bottom waters (depth < 20 m)

surface and sampling from different depths (depth < 70 m}
(s) - surface waters (depth = (.5 m)
(b) —near bottom waters (depth difference in stations —vide Tab 1)
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High sea level in the mouth section of the river Swina, persisting for a prolonged
time (3 days) obscures (blocks) the surficial outflow of riverine water, which is re-
tained in the upper part of the estuary where the surface water layer becomes more
fresh but stagnating.

Total concentration of magnesium in surface and near bottom water at stations
in the middle part of the Great Lagoon (stations No 2 and 6) depend mainly on the
intensity of riverine flow; at station No 2 on Qg = 0.33 (Q + Qs + Q) and af sta-
tion No 6 on Qg = 0.5 (Qq + Q) (Tab. 5). This result indicates that the chemical
composition of water at station No 6 was strongly dependent on fresh, inland water
and this water was currently influencing Mg’ concentration by dilution. This ob-
servation forms an argument for the role played by the Coriolis force (Druet 1995)
which facilitates the surficial flow of water in the Szczecin Lagoon to north and
north-eastern direction under wind-less conditions. Hence, the surface riverine cur-
rent flowing down the estuary is shifted towards the station No 5 and then 6. The
data presented in Tab. 3-5 strongly support the occurrence of such effect. Similarly,
marine water inflowing into the Szczecin Lagoon in the near bottom layer, via the
Piastowski Channel, spills out of the water-way furrow and flows into south and
south-west directions, this having been detected as an increase in salinity and Mg’',;
concentrations in the near bottom water of this part of the estuary. The data from
station No 1 (Tab. 3) strongly support the above conclusions. The bathymetry and the
shape of the bottom in the Szczecin Lagoon in the vicinity of the water-way, illus-
trated in Fig. 3, are the additional arguments for the described preferencies in water
movement in the Lagoon, though occurring temporarily.

b ‘\‘ N,

o AT e R

e 50200

Fig. 3. Topographic features of the Szczecin - Swinoujécie water way from the
Piastowski Channel (Gate Way No. 1), to Roztoka Odrzafiska (Gate Way No. IV)
according to Staszewski (1990)
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The possibility of saline water spilling out of the water-way furrow into south or west
was also mentioned by Jasiriska (1991).

l\f{gE]n concentrations in water of the lake Wicko Wielkie (station No 7) de-
pended mainly on Qs (the mean QQ, from 3 months), meaning that the chemical com-
position of water in the lake was strongly related with the surficial flow of fresh
inland water along the “old™”" water-way leading from the Gate Ill up to the lake
Wicko Wielkie. The conclusion from this observation is that the major part of inland
water is flowing into the Pomeranian Bay in the surface layer via this very route.
This conclusion is also convinced by the occurrence of deep areas (6-8 m deep) in
the river-bed of the Old Swina, the formation of which in the area of the retrograde
delta of the river Swina was possible under strong, one-way currents. Saline water, as
pointed out by Poleszczuk et al. (1992) and Jasinska (1991), could flow by this route
only under extremely strong surges of marine water from the mouth of the river
Swina.

The data presented in Tab. 4 and 5 indicate that the total concentration of cal-
cium in water of the studied basins was extremely stable. with the exception of sta-
tions No 3 and 5. and to a lesser degree at station No 6 (Tab. 4). In the latter area an
inverse proportionality between the calcium concentrations and Qg (station No 3:
both: surface and near bottom layer) and Q. (stations No 5 and 6: near bottom water)
was observed, described already in this paper and in the paper by Poleszczuk and
Piesik (2002). The riverine water flowing from the river Odra and containing lower
concentrations of calcium is diluting water at these stations. Sorption of calcium ions
on the freshly formed and sedimenting gels can not be excluded either.

The horizontal stratification of MU ot Was very similar to chloride ions strati-
fication in the Szczecin Lagoon presented in the paper by Poleszczuk and Piesik
(2002), giving the indication of dilution and concentration effects of Mg tor lONS
during the mixing process of riverine and marine waters. Much lower amplitudes of
Mglfm concentrations in comparison to chloride amplitude and stabilisation of
Ca™,, concentrations are undoubtedly the result of physico-chemical processes on-
going in the Lagoon ecosystem on a large scale. Already the data obtained by
Zaborowska-Mtodzinska (1963) sugg,esled the occurrence of stabilisation processes
in total cocenntrations of Mg wor and Ca’ wt in the river Odra estuary. In the subse-
quent studies Mtodzinska (1974, 1980b) definitely confirmed the presence of stabili-
sation effect and undertook an attempt to explain its mechanism by suggestion that it
is related to processes of equilibrium formation in ion exchange between calcium and
magnesium on aluminosilicates suspended in the water and deposited in the surface
sediments. Such processes are certain to occur in the estuary, but the “vanishing” of
magnesium ions is not accompanied by an increase in calcium concentrations as the
ion exchange equation is proposing. Poleszczuk (1996) suggested that the stability of
magnesium and calcium concentrations in the Szczecin Lagoon is governed by proc-
esses shifting the equilibrium between coagulation <> peptisation, which rhythmi-
cally alternate in accordance with water salinity, what seems a more probable expla-
nation in this case. In the cited paper the author stated that the decline of salinity

. F
the former water-way functioming between Szezecin and Swimnougécie unul the Piastowski Channel was cut
through m 1880, at present it 1s a water-way for smaller vessels
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below 0.19 %o CI', gives the start to the process of orgamc matter colloids peptisation
and during this process the ions: ca® Mg*, SO,* and CO,%, incorporated earlier to
the gel structure, are released into water. The process duration is regulated by the
amount of colloidal suspensions in water and deposited on the surface of the bottom
sediments. When water salinity increase above 0,19%o CI', during an inflow of saline
seawater, an opposite effect is observed - the *“vanishing” of bi-positive ions from
water into the suspensions and sediments.

The absence of strongly marked declines in calcium concentrations, the cal-
cium ions should be bound into the gels in great amounts in the case of strong saline
water inflow, can be explained by ion exchange processes ongoing between calcium
and magnesium, as described by Mlodziniska (1974, 1980b) and on the other hand by
the process of calcite dolomitisation as suggested by Poleszczuk (1996, 1998) as well
as by so-called salt-effect, that is solubility increase of hardly soluble calcium deriva-
tives (calcite, dolimitised calcite, hydroxyapatite, etc.) due to salinity increase. A de-
cline of water salinity leads to an opposite effect.

CONCLUSIONS

1. Water in the basins of the river Odra estuary, examined between 1991-1993
(measurement seasons: April — October), was characterised by significant vari-
ability of total magnesium concentrations dependmg on the basin and time of the
year. Simultaneously, slight differences in Mg i, concentrations were observed
between the surface and near bottom water layer at all measurement stations,
w1th the higher magnesium concentration in the near bottom water.

2 Mg ot concentrations in individual parts of the Szczecin Lagoon were related
by statistically significant correlations (inverse proportionality) with the river
Odra flow intensity; the strongest relation was found between the ion concentra-
tions and the mean flow in the month of measurements and two month preceding
the month of measurements in sequence. Statistically significant equations be-
tween Mg’",, and mareograph readings were found only at station No 5 in the
southern part of the Great Lagoon.

3. The results obtained in this study indicate that the total concentration of calcium
in water of the examined basins varied locally, but it showed considerable stabil-
ity in time and did not show any dependence on the riverine flow intensity, nei-
ther on the mareograph readings in Swinoujécie.

4. The southern part of the Great Lagoon (stations No 3 and 5) was the basin show-
ing exceptional variability of caicium and magnesium ions, The variations in the
chemical composition of water in this basin were caused by the changes in sea
level in the mouth of the river Swina,

5. The specific decline of magnesium concentrations in time as compared to the
amplitude of chloride concentrations confirmed that ion concentrations in water
of the estuary are regulated by various processes ongoing in the ecosystem of the
Szczecin Lagoon, from the concentration averaging after saline and riverine wa-
ter mixing, through organic matter gel coagulation and peptisation, to processes
of ion exchange on aluminosilicates and dolomitised calcite and salt-effect, re-
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sponsible for the release of hardly-soluble calcium compounds with salinity in-
crease.

6. The analysis of Mg:'.m and Caz‘mt in relation to fresh water inflow from the
land and mineral composition of water on both sides of the water-way pointed
out that under condition of riverine flow down the Szeczecin Lagoon, undisturbed
by wind. the effect of Coriolis force is noticeable, which diverts the surface wa-
ter flow to north and north-east. while the water outflowing in the near bottom
layer from the Piastowski Channel was flowing towards south and south-east di-
rection. The same direction as water entering the Szczecin Lagoon from the
Pomeranian Bay,
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Polish standards

PN-71/C-04554. Water and waste water. Study of hardness. Determination of the
total hardness by EDTA method.

PN-81/C-04551.01. Water and waste water. Tests for calcium. Determination of
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PN-75/C-04562.01. Water and waste water. Tests for magnesium. Determination of
magnesium by EDTA method.

PN-86/C-04632.03. Water and wastewater. General recommendations for sampling
for physical, chemical and biological investigations. Sampling technique.
PN-86/C-04632.04. Water and wastewater. General recommendations for sampling
for physical, chemical and biological investigations. Sample stabilisation and
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STEZENIA OGOLNE MAGNEZU | WAPNIA
W WODACH WYBRANYCH AKWENOW ESTUARIUM ODRY
(NW POLSKA)

Streszczenie

Podjeto prabe okreslenia ilosciowe] zaleznoscei pomiedzy stgzeniami ogdlnymi ma-
gnezu i wapnia a wielkosciami charakteryzujacymi naptyw wad rzecznych (Qs rzeki
Odry mierzony w Gozdowicach) i naptyw wod morskich (wskazania mareografu
w ujéciu Swiny do Zatoki Pomorskiej) na bazie danych pomiarowych zebranych
w pomiarach w miejscu siedmiu stacji pomiarowych w Roztoce Odrzanskiej, na
Wielkim Zalewie i na jeziorze Wicko Wielkie podczas badan prowadzonych w sezo-
nach kwiecien - pazdziernik w latach 1991-1993. Przeprowadzone badania stezen
og6lnych magnezu i wapnia wykazaty znaczne zréznicowanie stgzen ogdlnych ma-
gnezu w miejscach poszczegdlnych stacji pomiarowych zaréwno od akwenu jak
i pory roku, wykazujac pewne zréznicowanie koncentracji pomiedzy wodami po-
wierzchniowymi i naddennymi, przy czym stgzenie Mg™ ,, bylo zawsze wyzsze
w wodach naddennych.

Stezenie ogdlne magnezu wykazywalo zmiennos¢ sezonowg podobng do zmiennosci
rownowartosci chlorkowej w wodach Zalewu, tzn. wzrastalo od wartosci niskich
wiosng do maksymalnych zmierzonych jesienig. Stgzenie Mg2+og w czgscl poénocnej
Zalewu bylo zawsze wyzsze niz w wodach na stacjach pomiarowych w czgscei polu-
dniowej. Stezenia ogdlne wapnia w wodach w miejscu kolejnych stacji pomiarowych
przechodzac od stacji w potudniowej czgsci Zalewu do stacji w péinocnej czesci
Zalewu byly coraz to wyzsze i réwnoczesnie byly wyraznie ustabilizowane w czasie.
Z badan wspdtczynnikdéw korelacji rang Spearmana oraz z obliczonych réwnan kore-
lacyjnych wynika, ze wartosci stgzen ogolnych magnezu byly statystycznie istotnie
zalezne od wartosci natgzenia sptywu woéd rzeki Odry, a szczegblnie z wartosciami
sredniej dla wartosci Qg w miesiacu pomiaru i dwéch miesigcach poprzedzajacych
miesigc pomiarowy. Z analizy warto$ci wspolczynnikow Spearmana wynika, ze
akweny w potudniowej czesci Wielkiego Zalewu (stacja nr 3 i 5) wyr6znialy sie
specyficzng zmiennoscia stezen ogélnych magnezu, ktérej] wartosci zalezaly od Qs
i wahan poziomu morza. Specyficzne zmniejszenie amplitudy zmian Mg2+og- W po-
rownaniu z amplituda zmian stezen Cl” oraz wyjatkowa stabilizacja stezen Ca®’,,
w miejscach i w czasie, przemawiaja za tym, ze w estuarium zachodzily w duzej
skali procesy fizykochemiczne, ktére byly odpowiedzialne za stabilizowanie warto-
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sci stezen obu tych biopierwiastkow. Wydaje sig, ze najwazniejszymi byty, opisane
Juz w literaturze, procesy ksztaltowania si¢ rownowagi koagulacji « peptyzacji Ko-
loidéw materii organicznej, ktorych zachodzenie laczylo si¢ z procesami depozycji
do osadéw (koagulacja) lub .uwalnianie™ do toni wodnej (peptyzacja) znacznych
ilodci m.in. jonéw magnezu i wapnia.



