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Abstract A synthetic index LSI (Langelier Saturation
Index) was calculated to analyze conditions of carbonates
allocation. The higher LSI value, positive or negative, the
better conditions to deposition or chemical denudation,
respectively. Physical-chemical research was carried out in
the lake-catchment system of Lake Syczynskie, located in
the border zone of Polish Lowland and Lublin Upland. The
data were collected during the three water years
2007-2009. A hydro-chemical state of products of CaCO5
dissociation in waters was close to the equilibrium for most
of the year. Values of the LSI ranged from —0.08 to 1.44 in
the water of the catchment under study. The highest LSI
values were observed in the lake water. The lowest LSI
values occurred in waters of the inlet originated from a
Cretaceous spring. Allocation conditions were established
along inlet-lake—outlet transect. A decrease of carbonates
translocation along the transect was typical for the Lake
Syczynskie and it occurred in all seasons. A clear season-
ality of the carbonate equilibrium state was observed in the
lake-catchment system under study. Results showed that
inlet of groundwater determined transport of products of
calcium and magnesium carbonate dissociation in the
catchment Lake Syczynskie. The most stable chemical
conditions were observed in winter, which resulted from an
intense groundwater inflow. The least stable conditions
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occurred in spring, in which season conditions of carbon-
ates allocations were modified by precipitation and/or
surface runoff.
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Introduction

Carbon, like other elements, characterizes continuous glo-
bal cycle which brings about changes of its speciation of
occurrence. In temperate areas in carbonate terrains dis-
solved inorganic carbon (DIC) is the dominate form of
aquatic carbon. It results from a soil respiration, C
weathering, and groundwater flow (Finlay et al. 2009; Stets
et al. 2009). Inland waters play a very important role in
global carbon cycle (Cole et al. 1994; Dean and Gorham
1998; Battin et al. 2008) and lakes are areas of active
transport, transformation, and retention of carbon derived
from the watersheds (Von Wachenfeldt and Tranvik 2008;
Tranvik et al. 2009).

The paper presents a part of the global carbon cycle
expressed as a carbonate equilibrium state, which includes
the products of dissociation of CaCO3; and CO, and the pH
is an indicator of the condition of the carbonate
equilibrium.

The carbonate equilibrium state of an aquatic environ-
ment is a very important issue within geosciences. An
understanding of carbonate equilibria is essential in geo-
logic studies of surface and groundwater chemistry, as well
as global climate (Andersen 2002; Krinner 2003). Param-
eters such as alkalinity, DIC, partial pressure of carbon
dioxide pCO,, or pH values can be used to determine
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carbonate equilibrium (Stumm and Morgan 1996; Paquay
et al. 2007; Hunt et al. 2011). Migration of products of
carbonates dissociation in the aquatic environment is an
important and interesting research problem (Telmer and
Vezier 1999; Humborg et al. 2000). The evaluation of the
degree of buffering of lake water also allows for deter-
mining the possibility of ionic transformation in the basin.
The process of ionic transformation and translocation
within lake-catchment systems is modified by changes in
those conditions which are typical of different hydro-
chemical systems. The process of carbonate dissolution in
the lake basin is not the only existing hydro-geochemical
system in the waters. With a full awareness of the existence
of those ions—products of the dissociation of minerals
which are foreign with respect to the carbonate system
(e.g., Na™, K*, Fe*", C17, and SO,*7), in the waters of the
lake under study, it is safe to assume the existence of a
system consisting only of H,O, CO,, and CaCOs5 (Cole and
Caraco 2001; Sobek et al. 2005). It reflects the actual ionic
translocation in the environment, from the initial water
stage through the zone of its terrestrial contact with car-
bonates, up to the local drainage base that is a lake basin.
An important parameter that characterizes the chemical
state of natural water is corrosiveness. The corrosiveness of
water depends on many physical, chemical, and microbi-
ological parameters (e.g., temperature, pH, partial pressure
of CO, etc.) (Davil et al. 2009). Stability indexes are
popular regarding calcium carbonate, such as the Langelier
Saturation Index (LSI) (Dabrowski et al. 2010; Al-Zalzaleh
and Cruz 2011; Gupta et al. 2011). A value of the index
equal zero indicate a carbonate equilibrium state of water.
Positive value of LSI is observed in supersaturated with
carbonates waters, whereas negative in environments
where chemical denudation occur.

As far as natural processes are concerned, of primary
importance is the corrosiveness of water over rocks which
build the lake catchment (chemical denudation, allocations
of ions, and the degree of modification of the ionic com-
position of water). For waters of the border zone of the
Polish Lowlands and Central Polish Uplands it can be
simply applied to the analysis of the impact of water on
dissolving calcium carbonate (CaCOj;). Given the high
concentration of calcium in the waters of Lake Syczynskie
(Ferencz et al. 2014), it is easier to understand the process
of how corrosiveness shapes the carbonate equilibria of
lake waters. Calcium ions in a complex but significant way
(simultaneously and oppositely) have an impact on the
increase of both water pH and the level of H,CO5; (Antony
et al. 2011). The aim of this study was to determine the
seasonal conditions of the allocation of carbonates in the
flow-through Lake Syczynskie. It was assumed that in the
water body adjacent to the carbonate physiographical unit
of Upland Lublin, an underground basin supply plays a
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decisive role in the transport of products of calcium and
magnesium carbonate dissociation.

Study area

Lake Syczynskie belongs to a group of small water bodies.
A shallow and round lake basin (Fig. 1) was created in a
carbonate peat environment, on Cretaceous rock wastes
(Borowiec 1990).

The lake is situated at an altitude of 179 m a.s.l. and it
occupies the southwestern part of its catchment area. The
lake under study is drained southwest, toward the Swinka
River via a ditch which is 2 m high and 1 m wide. The
flow-through lake basin is supplied with water of four
inlets, the largest of which originates in a spring that is
located at the foot of Chetm Hills and has the highest
hydrological activity among the inlets and it was perennial.
The other inlets were intermittent or episodic.

Lake Syczynskie is adjacent to the east of Pliocene
denudation hills, the surface of which is covered with a
thick Pleistocene sediment layer (Wilgat 1991). The
denudation mountains in the area are the cumulative result
of Cretaceous substrates. They are not high (up to 20 m in
relative height), and gently rise above the flat area of the
Leczna-Wtodawa Lake District. The relief of the Lake
Syczyfiskie catchment area (2.66 km?) is very diverse
(Fig. 1). The denivellations are up to 46 m, which is the
highest value among the Leczna-Wilodawa lakes. The
catchment area of the lake is dual in nature in terms of its
topographic features. The northern and northwest part is
flat, with denivellations of <3.5 m, whereas the eastern and
northeast part is an upland area with higher denivellations.
That duality determines the rate of lake basin supply. The
eastern, larger part of the catchment area, with a high
proportion of sandy sediments, is a hydrologically privi-
leged zone.

Materials and methods

Field measurements were carried out during the water
years 2007-2009. Water samples for chemical analyses
were collected once a month, 1 m below the surface from
the deepest part of the lake and at 0.8 of maximum depth of
a current zone from streams that supply and drain Lake
Syczynskie basin. Simultaneously with chemical mea-
surements, hydro-meteorological research was carried out
(water levels and flow rates, the amount of precipitation),
to assess the rate of ion translocation within the lake-
catchment system. Water velocity of both the inlet and
outlet was measured bimonthly, using a Nautilus 2000
current meter. The number of cross-sections was
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Fig. 1 Scheme of supply and
drainage of Lake Syczynskie
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determined according to the European ISO EN Rule 748
(1997). Flow rates were calculated according to the Eq. (1).

0 =14 (1)

where: Q flow rate (L s™'), v water velocity (dm s,
A cross-sectional area (dm?)

The FRIEND procedure (Flow regimes from international
experimental and network data) was used for a hydrograph
division (to surface and underground inflow and outflow). The
calculating procedure was based on the construction of pentad
periods, in which the minimum values of flow had to fulfilll the
Qmini—1 > 0.9 Qmini > Qmini 4+ 1 condition (FRIEND
1993). The points selected this way created a line which
reflected the underground flow (base flow). Daily precipita-
tion was measured using a Hellmann’s pluviometer. In total,
108 chemical analyses of inlet, lake, and outlet were carried
out during the time period under study. Water temperature,
electrical conductivity (EC), and pH were measured in situ.
EC was measured with WTW InoLab 1 device, using the
Hanna Instrument pH electrode and the Tetra C WTW con-
ductometric electrode. Concentrations of the major ions:
calcium, magnesium, bicarbonate were determined using ion
chromatography (Metrohm MIC-3 chromatograph).

Analyses were verified and calculations were performed on
the basis of hydro-chemical database configured in Aqua-
Chem software. Water temperature measurements accompa-
nied each eater sampling. Temperature was measured in situ
using resistance thermometer coupled with pH meter.

T T T

0 500 1000 m

To determine the corrosive or non-corrosive properties
of the water, a common index describing the state of the
calcium carbonate equilibrium of sampled water was used.
The equilibrium of the water was described via an LSI
index. It was the difference between the pH measured
in situ and the pH of the equilibrium of the carbonate
system in specific hydro-geochemical conditions (Melidis
et al. 2007; Kumar et al. 2011).

Therefore:

LSI = pH — pH, (2)
where: pH—the actual measured value, pH—the satura-

tion pH of water with respect to CaCOg3; calculated from
the formula:

pH,=(93+A+B)—(C+D) (3)
where: A, B, C, and D are the empirical constants based on

total dissolved solids (TDS), water temperature °C, cal-
cium hardness, and total alkalinity

Logq|TDS| — 1
A= 2ol - ] (4)
B = —13.12Log,((t°K) + 34.55 (5)
C = Log, [Ca“converted into units of weight CaCOﬂ —-04
(6)
D = Log,lalkalinity converted to conventional
weighing units CaCOj3] (7
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Differences of LSI values were calculated to estimate
carbonates translocation conditions whiting the lake-
catchment system. Lakeshore conditions were determined
with relation to the inlet as a difference of lake and inlet
LSI values (L-I). The conditions of carbonates allocation
on the exit of the system were calculated as a difference of
outlet and lake LSI values (O-L) (Fig. 4).

Results
Hydro-meteorological conditions

From a hydro-chemical point of view, along with the sum
of precipitation, time, and frequency of occurrence is an
essential factor. During the time period under study, the
most frequent were daily sums of precipitation not
exceeding 0.1 mm (715 days). Precipitation sums that
ranged from 1.1 to 5.0 mm were measured 162 days. Other
ranges were characterized by an equal frequency of
occurrence, from 50 days (>10.0 mm) to 59 days
(0.2-0.5 mm). The distribution of precipitation values
showed a high variability per water year. Precipitation
amounted to 1.0-5.0 mm occurred usually in the cold
season. On the other hand, torrential rainfall (>10 mm)
was the most frequent in the warm season. Total daily
precipitation measuring in the range of 5.1-10.0 mm was
usually gauged in transitional seasons, between autumn and
winter, and/or winter and spring (Fig. 2).

The flow rates, which are derived from atmospheric
precipitation, showed a clear seasonal variability. The
average monthly inflow ranged from 4.35 to 16.88 L s™ ',
whereas the outflow from 4.98 to 50.85 L s™'. The lowest
tributary values were recorded from May to October, and
the highest from November to April (Table 1). The notably
low outflow distribution in the summer—autumn period was
similar to the inflow; however, maximum outflows showed

B <01
Eo02-05
Il o06-1.0
[111-50
Il 5.1-10.0
Il > 10.0 mm

Fig. 2 Frequency of precipitation occurrence in the selected ranges
of daily sums (mm)
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a displacement of 3 months (February—April) with refer-
ence to maximum inflows. Underground supply and
drainage values showed a clear seasonal variability.
Underground supply in the cold season (Nov—Apr) was
several times higher than in the warm season (May—Oct).
Monthly mean underground inflow rates to the lake basin,
during the time period under study, ranged from 3.88 L s~'
in October to 14.47 L s~" in February. Maximum under-
ground inflow and outflow occurred in winter—spring
months (February—March). The lowest underground flow
was measured in October, while the highest was observed
in July (Table 1).

Hydro-chemical conditions

The hydro-chemical conditions of the waters of the area
under study showed a moderate state of saturation of the
products of calcium carbonate and magnesium dissocia-
tion, throughout the study period (Table 2).

The highest concentrations of the geogenic ions, Ca*"
and HCOj;™ usually occurred (except spring) in the waters
of inflow. Changes in pH value of water flowing through
the lake catchment generally showed pattern lake > out-
flow > inflow. The highest concentrations of Mg”", and
the highest pH values were observed (except spring) in the
lake waters.

A clear seasonality of the carbonate equilibrium state
was observed in each year under study. Transformations of
carbonate equilibrium state of water inflowing and draining
the lake were characterized by a marked increase in alka-
linity from summer to winter (Fig. 3a, c). Spring was the
only period in which the changes were short-lived, and
multi-directional, with no clear trend observed. The con-
ditions for creating and maintaining the carbonate equi-
librium in the lake waters were different. During the
summer and autumn, warm lake water showed a high
hydro-chemical stability, whereas during spring it was
significantly lower (Fig. 3b).

Values of the LSI ranged from —0.08 to 1.44 in the
water of the catchment under study (Table 2). The waters
of the inlet and lake basin were non-aggressive for most
of the year. The index value in outflow water, however,
was consistently positive. The role of the lake basin in
shaping changes in the hydro-chemical translocations of
water should be defined as being diverse. Four specific
ways to transform the phenomenon spatially were dis-
tinguished. A decrease in LSI differences values along the
transect inflow—lake—outflow was typical of the lake under
study (Fig. 4). It was observed in all seasons. Different
patterns of changes in allocations were also noted.

They appeared briefly and were clearly seasonal. Two
types were observed in winter. The first was characterized
by a stability of the LSI along the aforementioned transect
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Table 1 Monthly flow rates Month Inlet Outlet

values of outlet and inlet (total

and underground) in the Lake Minimum Mean Maximum Minimum Mean Maximum

Syczyfskie catchment (L s~

Total
Nov 791 12.49 21.17 5.11 12.09 21.60
Dec 6.88 12.75 19.39 6.83 14.39 21.60
Jan 6.88 14.56 22.44 5.50 19.66 35.71
Feb 6.88 16.88 28.27 21.60 49.62 91.55
Mar 791 16.30 28.27 20.25 50.85 91.55
Apr 791 13.26 20.45 23.03 34.73 61.24
May 391 9.50 15.65 8.44 18.23 35.71
Jun 451 7.01 11.94 2.80 9.39 23.03
Jul 391 8.81 20.45 2.04 7.57 21.60
Aug 451 6.17 13.68 1.36 4.98 12.75
Sep 451 7.15 15.65 1.36 8.37 21.60
Oct 293 435 6.88 5.45 8.42 12.75
Underground

Nov 7.66 10.02 11.35 6.22 9.69 12.55
Dec 10.05 11.67 13.16 11.65 13.61 15.33
Jan 11.90 12.82 14.56 13.14 17.82 29.37
Feb 12.32 14.47 16.18 33.55 43.67 50.11
Mar 11.93 13.34 14.24 37.53 43.21 46.67
Apr 9.31 11.39 12.65 21.17 30.83 40.66
May 5.00 7.61 9.28 10.36 16.31 22.81
Jun 5.03 5.76 7.93 3.31 591 10.11
Jul 421 6.13 8.22 2.72 3.26 4.00
Aug 4.68 5.11 5.19 3.06 3.48 4.10
Sep 4.76 5.16 5.59 3.86 5.37 7.47
Oct 2.58 3.88 5.49 3.91 6.87 8.29

without significant changes in water quality. The second
type showed a reduction of the LSI values after passing the
lake basin. An extremely large decrease in denudation
conditions of water in a short time occurred in summer.
Figure 5 presents a statistical relationship between calcu-
lated LSI values of inlet and outlet and the groundwater
lake inflow and outflow (Qg).

In both cases it was evident that higher the flow rate, the
higher was the inclination of the carbonate equilibrium into
the deposition.

Discussion

Water of Lake Syczynskie is hard, and represents a type
HCO3—Ca. Hard and saline lakes constitute almost half
of the volume of all inland waters in the world (Wetzel
2001). Duarte et al. (2008) observed an impact of
changes in CO, on the pH of the lakes water. To be
precise, the pH value is an indicator of the equilibrium
state of carbonates, which besides the different forms of

CO, content also affects the concentration of dissocia-
tion products of CaCOs.

It is assumed that a high pH favors water supersaturation
and precipitation of calcium carbonates, whereas the low-
ering of the pH causes CO, degassation (Finlay et al. 2009)
and reduction of the concentration of carbon dioxide in
water, associated with HCO5; (Duarte et al. 2008). In the
case of Lake Syczynskie, pH changes showed a clear
seasonality (Table 2).

Water of a hypertrophic Lake Syczynskie is supersatu-
rated with CO, and shows periodic degassation into the
atmosphere. It has been indicated by a change in the LSI
values along the transect inflow-lake—outflow (Table 2).
Many studies indicate that the CO, emitted from lakes is
mainly derived from in-lake respiration (Jansson et al.
2000; Sobek et al. 2005). The highest observed level of free
CO, degassing from the basin of the Lake Syczynskie
occurred in summer. However, in winter, the deflection of
the carbonate equilibrium state toward an increase of the
deposition of CaCOj; increased role of CO, bound in car-
bonates (Fig. 3).
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Table 2 Values of selected

) - Parameter Unit Autumn Winter Spring Summer
physical-chemical parameters
of waters Min Max Min Max Min Max Min Max
Main inlet
Ca>* meq L' 4.95 5.90 5.47 6.43 2.73 5.15 4.52 5.69
Mg*+ meq L™ 0.12 0.62 0.14 0.42 0.21 2.52 0.04 1.49
HCO;™ meq Lt 4.98 6.00 4.93 5.53 4.49 4.9 4.15 4.25
pH 7.28 7.81 7.67 7.93 7.42 7.74 7.36 7.53
EC [N cm™! 454 566 522 589 400 480 436 444
TDS mg L! 294 454 348 494 288 305 427 452
Lake
Ca®* meq L' 3.67 497 497 5.56 4.78 6.19 3.90 5.51
Mngr meq L™! 0.38 2.88 0.20 0.64 0.06 0.66 0.22 1.29
HCO;™ meq L™! 3.49 4.67 4.78 5.02 4.90 5.46 3.62 4.22
pH 8.00 8.28 7.72 8.52 7.78 8.19 8.03 8.85
EC uS cm™! 465 521 522 589 556 587 394 475
TDS mg L! 432 525 348 494 316 396 368 452
Main outlet
Ca>* meq L' 4.50 5.32 4.06 6.52 4.85 5.13 4.13 5.36
Mngr meq L' 0.50 1.55 0.01 0.89 0.29 0.42 0.11 0.60
HCO;™ meq L' 4.58 4.77 4.94 5.36 4.61 4.82 3.60 4.22
pH 7.49 7.93 7.55 8.20 7.47 7.94 7.46 7.94
EC N cm™! 471 521 532 595 460 606 394 475
TDS mg Lt 315 492 306 502 306 319 366 448
40 40 . 40
30 A 30 B 30 C
20 cormosive 2 Corrosive 200 corrosive
waters ‘waters waters
g : g
B ERI LR
4 ¢ 4
3 I
3 3
2
2 2
nun::;r;;sivc , non::;l:‘liswe n(\n;;:):ivc
120 30 40 50 607080 100 150 200 300 400 600 800 1000 20 30 40 50 60 7080 100 150 .200 300 400 600 800 1000 120 30 40 50 60 7080 100 150 200 300 400 600 800 100C
Carbonate hardness g CaCO,m” Carbonate hardness g CaCO,m* Carbonate hardness g CaCO,m”
® Summer Autumn # Spring ™ Winter

Fig. 3 Seasonal state of carbonate equilibrium of water a inlet, b lake, ¢ outlet

The typical seasonality of the process of shaping the
carbonate equilibrium, observed in the waters of the area
under study, resulted from relationships between the
genetically various forms of the basin supply (surface,
underground). A seasonality of river outflow as well as
duration of ice and snow cover modifies the carbon flow
from the watershed (Weyhenmeyer and Karlsson 2009). A
factor stabilizing the carbonate equilibrium state was the
underground inflow of alkaline water from carbonate rocks
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that made up the lake-catchment area. Lithology of the
catchment played an important role in shaping water
quality (Sheikh et al. 2014, Krishnakumar et al. 2014). The
importance of the geological structure in the shaping of
water quality has been observed especially during periods
of intensive groundwater recharge, when the highest con-
centrations of geogenic ions were observed in the inflow
water. Dawidek et al. (2009) indicated the hydrologically
dominant role of the underground supply of Lake
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Syczynskie. A lack of distinct patterns of changes of
physical-chemical parameters along the transect in spring
was a result of thawing snow retained in the lake catch-
ment. The strong association of groundwater recharge to
Lake Syczynskie with conditions of the carbonate alloca-
tion showed coefficients of correlation ‘#* which exceeded
0.8. Howden et al. (2010) showed correlation between
chemical concentration of major ions and groundwater in
the catchments with Chalk aquifers. The relationship was
also confirmed by the changeability of the LSI on the lake
basin inlet—outlet transect. Values of the difference
between LSI, presented in Fig. 4 also include the role of in-
lake processes (autochthonous production, microbial deg-
radation, photochemical decay, and sedimentation) whose
integral part is, for example, carbon sequestration in the
sediments. Cole et al. (2007) stressed the importance of
bottom sediments and their quantitative role described
Dean and Gorham (1998).

@ 0.0 Ll
-

A - Corrosivity of water entering the system B - Corrosivity of water that exits the system

— Typel —— Typell —— Typell —— TypelV

Fig. 4 A potential of carbonates ionic allocation along inlet-lake—
outlet transect in the selected samples. Type I: Nov 06, Dec 06, Mar
07, Apr 07, Jun 07, May 08, Sep 08, Apr 09, Aug 09, Oct 07, 09; Type
II: Jan 07, 08, Feb 08, 09, Nov 08; Type III: Dec 07, 08, 09, Jan 07,
08, 09, Feb 07, 08, 09; Type IV: Jul 07, 09, Aug 07, 08

y = 25.296x + 6.1037

Qg 35
A r=0.87 V'S

-0.4 1

LSI

Trend line

Factors that modified the hydro-chemical properties of
water were: atmospheric precipitation (intensity and type
of precipitation), surface runoff, and water temperature. An
influence of the type of lake supply (atmospheric deposi-
tion and/or groundwater inflow) has been previously
described by Striegl et al. (2001) and Bade et al. (2004).
Physical-chemical parameters of waters as well as LSI
values were also influenced by physical-biochemical pro-
cesses. The mass appearance of algae has been observed in
Lake Syczynskie in all seasons. Phytoplankton photosyn-
thesis led to increase of pH in lake waters (Toporowska and
Pawlik-Skowronska 2014), worsen light conditions and as
a consequence simplified water biocenosis (Adamczuk
2012). The pattern of pH changes along the transect
inflow—outflow was characterized by higher pH in the
outlet than in inlet, which was consistent with other studies
(Billett and Moore 2008).

The water that supplied and drained the lake basin was
characterized by the highest level of non-corrosiveness
during the winter, this being associated with intense under-
ground feeding at that time. The most corrosive level of the
water was observed in summer, this being a result of an
increase in atmospheric precipitation, high water tempera-
ture, which favored the degassing of CO, and a retention of
calcium and magnesium in the water solution (Billett and
Moore 2008; Bates et al. 2013). The intermediate stage was
noted in autumn. The most variable conditions in the car-
bonic equilibrium occurred in spring in the inflow and out-
flow waters. This was due to the variable from year to year
amount of atmospheric precipitation and the size and genetic
structure (quick flow, base flow) of the outflow in this period.
Spring is a period when physico-chemical processes can act
in either direction, increasing/decreasing pCO,, pH, equi-
librium state, due to the ice melt, precipitation or riverine
input (Bates et al. 2013). Tranvik et al. (2009) pointed out the
significant role of catchment hydrology (the relationship
between runoff and underground drainage) and precipitation

y = 36.256x + 5.6695
B r=0.85 L 4

0 0.2 0.4 0.6 0.8 1 1.2
LSl

Qg Groundwater discharge: A- inflow, B- outflow

Fig. 5 Statistical relation between LSI value and underground discharge of a inlet, b outlet

@ Springer



1608

Environ Earth Sci (2015) 73:1601-1610

on the quantity of carbon derived to the system. The gradient
of hydro-chemical changes in the inlet water in spring
(variable over a wide range, from highly non-corrosive to
corrosive waters) resulted from thaws and/or heavy rains
(i.e., a low pH of water) (Driscoll et al. 2003).

The carbonate equilibrium state in the outlet waters
showed the most volatility in spring; there were no defin-
able trends observed. The outlet water that constitutes the
final stage in the transformation was modified by both
catchment (precipitation, surface, and underground inflow)
and in-lake processes. Similarly to other lakes, representing
the hydro-geochemical conditions of an open system, a
continuous and unlimited exchange of both mass and
energy occurred, and the dissolution and dissociation of the
carbonate minerals that build the lake-catchment area took
place in the presence of CO,, the partial pressure of which
equals the partial pressure of pCO,atm (Rouse et al. 2002;
Valdivia 2006). The dissolution of substrates changed the
chemical composition of the water (which was accompa-
nied by a pH increase) and favored allocation of ions
(Riebesell 2004; Jensen et al. 2009). The thermodynamic
state of the lake waters, which was typical for an open
system, could be classified as being stable. With an
increase in atmospheric precipitation or runoff, the existing
equilibrium, however, underwent a rapid, constant, and
multi-directional modification.

The catchments built with carbonate sediments are an
important element in the global carbon cycle. The impor-
tance of this type of research is connected to the fact that,
the lakes are considered an important source of emission of
CO, to the atmosphere (Anderson et al. 1999; Cole and
Caraco 1998; Cole et al. 1994; del Giorgio et al. 1999;
Dillon and Molot 1997; Kling et al. 1991; Striegl et al.
2001; Wachniew and Roézanski 1997).

Conclusions

Analysis of a state of carbonate equilibrium in lake-
catchment systems is an important issue in processes of
shaping ionic allocation. An inclination of lake water
properties from hydro-chemical state of equilibrium was
observed with reference to macro-elements, but in the
wider context it played a role of indicator of the potential
(gradient) to ion translocations. During conventional
transport of the dissolved solids (with water in the same
direction and velocity) identification of the ionic alloca-
tions within the hydrosphere with reference to terrestrial
carbonates was a good indicator of intensity and season-
ality of hydro-chemical limnetic conditions. Underground
inflow influenced significantly transport of products of
calcium and magnesium carbonate dissociation in winters
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with lack of thaws and also to a lesser extent in autumn. A
clear seasonality of carbonate equilibrium state suggested
that the process was modified by different genetic types of
lake’s supply. The least stable period of carbonates allo-
cation was spring, due to the variability of rainfall and the
role of runoff. Favorable conditions for sedimentation of
carbonates in summer were determined not only by
catchment hydrology but also in-lake processes.

Open Access This article is distributed under the terms of the
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