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Abstract: Sediments of five shallow lakes in Polesie Lubelskie region (Eastern Poland), representing 
a wide range of nutrient concentration, were dated by Pb-210 method and reliable age-depth models 
were constructed. These models were a base for studies of relationship between status of lake bio-
cenoses and rate of sedimentation in the lakes. 
The sedimentation rate does not depend on ecological status of studied lakes. The highest mean sedi-
mentation rate was found in phytoplankton-dominated (Lake Syczyńskie) and phytoplankton-
macrophyte-dominated (Lake Sumin) lakes. Macrophyte-dominated lakes represented intermediate 
values of deposition rate. Lake depth, area and hydrology are more important factors controlling 
sedimentation rate. The sedimentation rate was rather stable or changed over the time, depending on 
human management in the lakes’ drainage basins. 
 
Keywords: 210Pb dating, sedimentation rate, alternative stable stages, shallow lakes, Polesie Lubel-
skie. 

 
 
1. INTRODUCTION 

The deposition rate of lake sediments is controlled by 
many factors. Lake morphology (area, depth, shoreline’s 
length), water circulation, climate conditions, area and 
land use in the catchment, are only some of these features 
(Noges et al., 1999 and Ott et al., 2005). Some of them 
could be driven by human activity and thus rapid changes 
of sedimentation rate and historical events (e.g. settle-
ment events, changes of predominant economy type, wars 
etc.) are often correlated. Sedimentation rate is also influ-
enced by composition of plant and animal communities 
present in a lake. 

According to the theory of alternative stable states, 
lakes can be classified as phytoplankton-dominated or 
macrophyte-dominated (Scheffer et al., 1993) with sev-
eral intermediate steps (Moss, 1995). State of a lake is 
controlled by several factors, including nutrient concen-
tration, turbidity, species composition of fish stock and 
catchment’s characteristics. The state of a lake results in 
the character of prevailing material deposited on its bot-
tom. Fragments of macrophytes, sometimes incrusted 

with carbonates, are the main substrate of sediments in 
macrophyte-dominated lakes. Fine detritus is the major 
component of sediments in lakes dominated by phyto-
plankton. The dominant type of substrate does not deter-
mine a deposition rate of organic sediments and more 
important is the value of primary production in a lake. 
However, dense macrophyte cover may stabilize sedi-
ments, stop sediment transport and resuspension and thus 
impacts the rate of deposition in particular site of lake’s 
floor. 

This paper presents results of 210Pb measurements in 
sediments of five small and shallow lakes located in East-
ern Poland. These lakes were previously studied in detail 
for hydrological and hydrobiological parameters (Korni-
jów et al., 2002a, b; Kornijów and Pęczuła, 2005; Smal et 
al., 2005). The lakes were selected since they represent 
different alternative states – from phytoplankton-
dominated (Lake Syczyńskie) through intermediate state 
(phytoplankton-macrophyte dominated Lake Sumin and 
Lake Głębokie) to dominated by submerged macrophytes 
(Lake Rotcze and Lake Kleszczów) (Kornijów et al., 
2002a). Sediment dating and age-depth models were a 
base for studies of relationship between status of lake 
biocenoses and deposition rate of lake sediments. Corresponding author: M. Gąsiorowski 

e-mail: mgasior@twarda.pan.pl 
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2. STUDY SITES AND METHODS 

The studied lakes are located in Łęczna-Włodawa 
Lakeland (Fig. 1), a part of Polesie Lubelskie region 
(Eastern Poland). They are small (area up to 86 ha) and 
shallow lakes (Table 1). Sediment cores were collected 
from the central part of every lake using a gravitational 
Uwitec-corer. The collected cores were described and cut 
in the field into 1-cm thin sections which were stored in 
plastic bags until analysis. In the laboratory, sediments 
were dried at 105°C overnight for water content determi-
nation and ashed in an oven at 550°C for loss-on-ignition 
(LOI). 

For 210Pb analysis, a three cubic centimetre sample of 
homogenised sediment was taken from each level. The 
fresh sediment samples were weighed, dried, and 
weighed again to determine bulk density and water con-
tent. The 210Pb activity of sediments was determined 
indirectly by alpha-spectrometry measurement of 210Po 
(Εα=5.31 MeV, T1/2=138 days) activity (Flynn, 1968) in 
the Laboratory of Institute of Geological Sciences of the 
Polish Academy of Sciences in Warsaw. 210Po is gener-
ated by decay of 210Pb and then 210Bi and is assumed to be 
in equilibrium with its parent isotopes. As an internal 
yield tracer, a known amount of 208Po was added to the 
weighed sample. Polonium was separated from the sam-
ple using concentrated hydrochloric and nitric acids and 
was deposited on silver disks (Flynn, 1968). The activity 
of 210Po and 208Po was measured using an OCTETE PC 
alpha spectrometer produced by EG&G ORTEC. A con-
stant rate of unsupported 210Pb supply model (CRS) was 
used to calculate the sediment age (Appleby, 2001). This 
model assumes a variable sedimentation rate, sediment 
compaction and mixing. Activity of unsupported (alloch-
thonous) 210Pb was calculated from total activity of 210Pb 
by subtraction of supported (authigenic) 210Pb activity. 

Supported 210Pb was determined by measurements on old 
sediments (older than 150-200 years) which contain no 
allochthonous 210Pb, assuming constant activity of authi-
genic 210Pb along the sediment column. An age-depth 
function was calculated using the randomisation method 
and was fitted using the LOESS procedure (Clevland and 
Devlin, 1988). 

3. RESULTS 

The collected sediments are silty gyttja, fine detritus 
gyttja and course detritus gyttja (Table 1). Organic matter 
content, expressed as LOI, was different in lakes (Fig. 2). 
LOI is relatively low in phytoplankton dominated  
(20-35%) lake and significantly higher in macrophyte-
dominated lake (up to 70%). LOI changes also in specific 
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Fig. 1. Map showing a location of five shallow lakes. 

Table 1. Morphometric characteristic (after Smal et al., 2005) and 
sediment type of studied lakes. 

 Kleszczów Rotcze Sumin Głębokie Syczyńskie
Maximal 
depth (m) 2.4 4.3 6.5 7.1 2.9 

Mean depth 
(m) 1.3 1.9 1.6 3.4 0.9 

Volume  
(103 m3) 693 826 1454 689 51.19 

Lake  
surface (ha) 50.00 45.79 85.6 20.27 5.17 

Total catch-
ment area 
(ha) 

253.38 157.19 1403.6 173.82 458.17 

Sediment 
type 

coarse 
detritus 
gyttja 

coarse 
detritus 
gyttja 

fine 
detritus 
gyttja 

silty and 
fine detri-
tus gyttja

fine detritus 
gyttja 

LOI  
(% of d.w.) n.a. 48-69 n.a. 20-47 20-34 
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lake along sediment column. In Lake Głębokie the LOI 
decreases with the depth from 47% in uppermost sample 
to circa 20% below 25 cm, while in Lake Syczyńskie it 
oscillates between 20 and 40% in entire sequence. 

Table 2 summarizes results of radiometric measure-
ments. Total specific activity of 210Pb differs among stud-
ied sites and is the highest in Lake Rotcze and the lowest 
in Lake Syczyńskie. 210Pb concentration versus depth 
along the profile declines in a step-wise manner only in 
Lake Głębokie and Lake Syczyńskie (Fig. 3). In other 
cases, the several uppermost centimetres of sediment 
column (up to 15 cm in Lake Sumin) have uniform activi-
ties suggests some disturbances and/or sediment mixing. 
Activity of supported 210Pb was ca. 0.01 Bq g-1 in Lake 
Kleszczów, Lake Rotcze and Lake Syczyńskie. Lake 
Sumin and Lake Głębokie have considerably higher ac-
tivities of supported 210Pb – 0.025 and 0.032 Bq g-1, re-
spectively. The activity of unsupported 210Pb plotted on a 
logarithmic scale versus cumulative dry mass (Fig. 4) 
decrease almost linearly in Lake Głębokie and Lake 
Syczyńskie, but also in Lake Kleszczów and Lake 
Rotcze. Therefore, irregularities in activity profile in two 
latter lakes shown in Fig. 3 are related to density. Only 
for Lake Sumin the unsupported 210Pb profile is not well 
fitted and the estimated exponential equation explains 
80% of variances suggesting changes of sedimetation 
rate. 

Sediment age plotted versus sediment depth (Fig. 5) 
show different sedimentation rates. The lowest mean 
sedimentation rate was calculated for Lake Głębokie 
while the highest for Lake Sumin and Lake Syczyńskie 
(Table 2). Sedimentation rate in Lake Głębokie and Lake 
Sumin changed over the time and accelerated signifi-
cantly after 1950, from 1 and 1.3 mm yr-1 up to 4 and  

6 mm yr-1, respectively. In other lakes, the changes of 
sedimentation rate were minor. 

4. DISCUSSION 

Mean atmospheric fallout of 210Pb should be similar 
on regional scale (Appleby, 2001). Differences of unsup-
ported 210Pb between lakes suggest that this assumption is 
not satisfied in the sites studied. However, dissimilarities 
in specific activity of 210Pb might reflect diverse sedimen-
tation regime at coring sites and only imprecisely de-
scribe atmospheric fallout of lead to the lake. In Lake 
Rotcze, where the highest activity of unsupported 210Pb 
was measured, sediments consist mainly of plankton and 
detritus particles from in situ deposition. Hence, sedi-
ments transported from other parts of the lake do not 
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Fig. 2. Loss-on-ignition (LOI) in sediment of studied lakes. Data for Lake Kleszczów and Lake Sumin are not available. 

Table 2. Activity of 210Pb and sedimentation rate in five shallow lakes.

 Kleszczów Rotcze Sumin Głębokie Syczyńskie
Maximal 
activity of 
210Pb (Bq g-1)

0.247 
±0.011 

0.534 
±0.014 

0.338 
±0.012 

0.257 
±0.015 

0.116 
±0.004 

Activity of 
supported 
210Pb (Bq g-1)

0.010  
±0.001 

0.01 
±0.01 

0.025 
±0.005 

0.032 
±0.003 

0.012 
±0.004 

Mean sedi-
mentation 
rate during 
the last 150 
yrs (mm yr-1)

2.7 3.0 3.3 2.3 3.4 

Mean sedi-
mentation 
rate  
(g cm-2 yr-1) 

0.035 0.019 0.064 0.049 0.055 
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dilute falling 210Pb. On the other hand, in Lake 
Syczyńskie, 210Pb input to the lake is dispersed by min-
eral matter transported from shore zone and by temporary 
inlets. 

The profiles of total specific activity of 210Pb suggest 
that only sediments of lakes Głębokie and Syczyńskie are 
not mixed vertically. Both lakes are deep enough to ig-

nore wind-induced water circulation and sediment mix-
ing. Also benthos and fish activity responsible for biotur-
bation are strongly limited due to often oxygen deficits 
(Kornijów et al. 2002b; Kornijów and Halkiewicz 2007).  

Unvarying activities of topmost part of sediment col-
umns in lakes Sumin and Rotcze (Fig. 4) suggest sedi-
ment mixing or post-depositional migration of lead. The 
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Fig. 3. Total activity of 210Pb versus sediment depth in studied 
lakes. The level of supported 210Pb (solid line) with 95% confi-
dential range (dashed lines) was given. Abbreviations of lake 
names: SYCZ – Lake Syczyńskie, GUS – Lake Głębokie, KLE 
– Lake Kleszczów, ROT – Lake Rotcze, SUM – Lake Sumin. 
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latter process can be excluded since it occurs in acidic 
conditions (e.g. Virkanen et al., 1997; Gaca et al., 2006). 
Coring process might cause surface-sediment mixing. 
Although, in all cases the same coring method was ap-
plied, the sediment type and water/sediment boundary 
character was different. Dense macrophytes covering lake 
floor in Lake Rotcze might complicate corer penetration 
into sediment and might be generating disturbance of 
sediment surface. On the other hand, macrophytes them-
selves could cause sediment mixing since they roots and 
rhizomes go through sediment. The deepest sediment 
mixing in Lake Sumin was probably due to latter factor 
and activity of benthic invertebrates. 

The activity of supported 210Pb in Lake Kleszczów, 
Lake Rotcze and Lake Syczyńskie are similar to other 
lowland sites in Central Europe (Tylmann 2004, 
Gąsiorowski and Hercman 2005a, b). The activity of 
supported 210Pb in Lake Sumin and Lake Głębokie was 
significantly higher (Table 2), probably due to higher 
concentration of mineral matter in sediments. 

Mean sedimentation rate varied from 2.3 mm yr-1 in 
Lake Głębokie to 3.4 mm yr-1 in Lake Syczyńskie. Lake 
Głębokie is the deepest among the studied lakes. Water 
circulation and offshore sediment transport is limited in 
the lake. This results in relatively low deposition rate in 
the central part, where the core was collected. On the 
contrary, Lake Syczynskie has the lowest area and mean 
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depth expressed as cumulative dry mass. Abbreviations of lake 
names are used as in Fig. 3. 
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water depth among studied lakes. The sediment can be 
easily transported to the central part of the lake. More-
over, the temporary inlets transport allochtonous matter 
from the terrestrial catchment (Kornijów et al. 2002b). 
According to the theory of alternative stable states Lake 
Głębokie and Lake Syczyńskie were previously classified 
as phytoplankton-macrophyte-dominated and phytoplank-
ton-dominated, respectively. Therefore, the mean sedi-
mentation rate seems not to be strictly correlated with the 
state of the lake. The macrophyte-dominated Lake 
Kleszczów and Lake Rotcze have moderate mean sedi-
mentation rate (Table 2). Hence, lake depth, area and 
hydrology control sedimentation rate while ecological 
state of lake is less important factor. 

The sedimentation rates in the lakes: Rotcze, 
Kleszczów and Syczyńskie were rather stable during the 
last 150-200 years. However, the mechanism control the 
sedimentation rate stability is different in these lakes. 
Dense submerged macrophyte communities cover the 
lake’s floor in the lakes Rotcze and Kleszczów and stabi-
lise depositional condition. Conversely, sedimentation 
rates accelerated in Lake Głębokie and Lake Sumin after 
1950 (Fig. 5) and were four times higher then before. The 
change might be correlated with changes of land use in 
the lakes’ catchments (Chmielewski, 2003) and intensive 
melioration in 1950s (Chmielewski et al. 1997). The most 

important is the decrease of wetlands area surrounding 
the lakes. Marsh and meadow play a role of natural sedi-
ment trap and a buffer zone between lakes and arable 
fields. Arable land is a source of nutrients causing lakes 
eutrophication and biomass increase. The profile of LOI 
(Fig. 2) and the age-depth model (Fig. 5) indicate that 
anthropogenic eutrophication was a major factor increas-
ing sedimentation rate in Lake Głębokie. Arable land 
constitutes significant part of Lake Głębokie and Sumin 
catchments (73.5 and 35.6 %, respectively), but more 
important is that the fields lie alongside the shores of the 
lakes (Smal et al., 2005). Among studied lakes also Lake 
Syczyńskie has high percentage of arable land in its 
catchment. However, the changes of land use structure 
during the last 50-60 years have not been so intensive 
there (Kornijów et al. 2002b). This results in a relatively 
high sedimentation rate during the whole studied period 
(the last 150 years). 

5. CONCLUSIONS 

1) Organic matter content, expressed as loss-on-ignition 
varies among shallow lakes and is the lowest in 
phytoplankton-dominated lake and the highest in 
macrophyte-dominated lake.  
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on 210Pb activities in sediments of five shallow 
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2) Water depth, lake area, hydrology and nutrient load 
controlling sedimentation rate in studied shallow 
lakes while ecological state of studied lakes is a less 
important factor. 

3) Anthropogenic changes, mainly changes in structure 
of land use in the lake’s catchment could signifi-
cantly increase sedimentation rate. The most sensi-
tive to such changes are lakes without wetlands sur-
rounding their shores. 

4) Stratification in sediment sequences of phytoplank-
ton-dominated lake and relatively deep phytoplank-
ton-macrophyte dominated lake were not disturbed. 
In all other cases, the upper part of sediment column 
was a subject to intensive mixing, mainly due to 
macrophytes presence and activity of benthic inver-
tebrates. 
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