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The aim of this study is to determine the effects of natural and anthropic events occurring in the last 30 years in the catchment areas of four Romanian lakes (St. Ana Lake, Red Lake, Vârșolț Lake and Matița Lake)
originating from four different geomorphologic areas. A total of eleven sediment cores have been processed for age and sedimentation rates determination using the 210Pb dating method. The values of the sedimentation rates
have grown multiply in the last decade: 2.55 times in case of the St. Ana Lake, 2.43 times in case of Gyilkos Lake, 1.22 times in case of Varsolc Lake and 3.59 in case of Matița Lake.

Introduction
210Pb

is a natural radionuclide being part of the 238U decay chain. Its half-life is 22.23 days and it is suitable for the dating of different materials such as soils, sediments, ice, corals, mosses and peat bogs up to 100-150 years, oceanic and
marine studies, measurements of atmospheric fallouts, depositions and pollutions, tracking of sedimentary processes such as transport, erosion and mixing.
In sediments, 210Pb has two sources: the in situ 210Pb (supported 210Pb) generated continuously in the sediment from 226Ra (226Ra and its progeny, 210Pb can be found in secular equilibrium) and 210Pb as atmospheric fallout (unsupported
210Pb), which reaches the atmosphere through the emanation of 222Rn. After the decaying of a series of short lived radionuclides the above mentioned lead isotope is formed, which then falls out –among others – on the surfaces of lakes. The
unsupported 210Pb amount is calculated by subtracting the supported 210Pb concentration from the total 210Pb.
A series of anthropic events influence the changes in the sedimentation rates. Some of these are the agricultural practices, industrialization, the dramatic urbanization, the growth of deforestation in the last decade. These are all activities
which all contribute to the phenomenon of global warming. Sailing can also be a potential source of physical and chemical pollution along with the uncontrolled tourism – this being mostly characteristic to the St. Ana Lake and to the Red Lake. The
Danube Delta has been greatly influenced by hydro technical works – especially the building of the Iron Gates in the 1972-1978 period, which diverted a great amount of sediment from the delta – and the channel, dams and polders built for the
alteration of the natural water flow. Poaching can also lead to the disruption of the natural equilibrium of the lakes.

Study sites
The Matița Lake is situated between the Sulina and Chilia
branches of the Danube in the fluvial part of the Danube
Delta. It receives its sediment from multiple channels, most of
it being during the spring time, when the Danube has the
highest levels. Three sediment cores have been taken from
this lake (MA18: N 45° 17'54.93", E 29°23'0.94", MA20: N
45°17'22.61", E 29°21'28.73", MAII17: N 45° 18' 26.30", E 29°
22' 22.40").

The Red Lake was formed in the Eastern Carpathians in 1837, when
during a landslide the debris of the Hășmaș Mountains blocked the Bicaz
River and the Suhard Creek. The lifespan of the natural dam lakes is
usually short, because of the great amount of erosions and the
predisposition to silting. These are heavily influenced by anthropic
influences, therefore one dam was built on both Oii and Roșu brooks. A
total of six sediment cores have been taken from this lake, namely three
from the lake itself (LR3: N 46°47'02.40", E 25°47'05.76", LR4: N
46°47'02.88", E 25°47'06.90", LR5: N 46°47'02.88", E 25°47'05.94") and
three from the damlake (G1.1: N 46°46'55.02", E 25°46'56.94", G1.2: N
46°46'56.16", E 25°46'56.94", G1.3: N 46°46'54.36", E 25°46'55.68").

The St. Ana Lake is the only lake in Eastern Europe, which
has a volcanic origin. It is situated in the Eastern Carpathians
in the Hășmaș Mountains, on the left side of the Olt River and
it gains its sediment only from the soil and runoffs of its
catchment area and the decomposition of its vegetation. One
sediment core has been taken from this lake (N 46°07'41.58",
E 25°53'21.48").

The Vârșolț Lake is situated between the Apuseni Mountains and
the Eastern Carpathians and it is the biggest lake in Sălaj County.
The lake has a dual role: it provides drinking water for more than
ten settlements and for the county seat, Zalău, and it regulates the
water flow of the lower region of the Crasna River. One sediment
core has been taken from this lake (N 47°10'15.93", E 22°55'33.84)

Material and Methods
Each of the sediment cores has been sub sampled into 1-3 cm slices. After drying the samples in a drying oven (75°C, 24 h) they were homogenized and measured via α and γ spectrometry. The supported 210Pb was determined using 226Ra by
relative method using high resolution γ spectrometry (ORTEC GMX HPGe detectors) using the 295 keV, 351 keV and 609 keV gamma energy lines.
The total 210Pb content was determined using its 210Po progeny. Samples were added 0.5 ml 209Po tracer for determination of the chemical yield and put to acidic digestion using HNO3, HCl and H2O2. Interferents (Fe3+) were eliminated using
ascorbic acid and spontaneous deposition was made on high nickel content stainless steel discs. Measurements were carried out using ORTEC SOLOIST 900mm2 PIPS detectors.
The CRS model was used for the determination of ages and sedimentation rates. This model can be used, if the presumption that the 210Pb content reaching the sediments is constant over time is correct, independently of changes taking place in
the quantity of sedimentation.

Results and Discusion
In case of the Roșu Lake sedimentation rates started growing at the beginning of
the nineties in such manner, that those of the dam lake increased on average 1.88
times, while those of the lake itself 2.81 times. The eastern part of the lake shows
an increasing tendency (from 0,38 g/cm2y to 1,76 g/cm2y) until the end of the
nineties, followed by a series of low and high sedimentation periods. Outstanding
values can be observed between 2000-2009, when values grow 4.05 times
compared to the prior period. A predominant 0.59 g/cm2y average is characteristic
until 2003 in the western part of the lake, which is succeeded by a 2.88 times
higher sedimentation period. In case of the dam lake a relatively constant 0.33
g/cm2y sedimentation rate is visible until the nineties, followed by a series of local
maximums in the 1994-1996, 2000-2005 and 2007-2009 periods. All sediment
cores show an increasing tendency in sense of linear sedimentation, showing
maximum values or local maximums in 2012. The G1.1, LR4 and LR5 sampling
points have outstanding values for the 2004-2008 period, these exceeding the
below measured vales with up to 3.21 times.
Similar tendencies are observable in the sedimentation rates of the St. Ana Lake:
the incipient 0.06 g/cm2y in 1980 increases doubly (0.11 g/cm2y) to 2002, the
maximal value of 0.16 g/cm2y is accounted to the 2002-2005 period. The linear
sedimentation rate is showing a growing tendency, reaching 0.5 cm/y by the end
of 2011.
Both Roșu Lake and St. Ana Lake are affected by the massive deforestation from
the 2000-2006 period, when 4295 ha of woods were cut in Harghita county, from
which approximately 33.34 ha can be found in the catchment area of the Roșu
Lake. As a consequence, because of the lack of roots, grains enter the lake bed by
meteorological influences, increasing the sedimentation rates.

Conclusions
Each of the four lakes is unique, therefore each of them needing needs to be
treated differently. Beside their distinct localisation, they have different
characteristics, so natural and anthropic impacts influence them differently. The
increasing tendency in the sedimentation rates of the Roșu Lake can be
observed in the mid nineties, while this period is only visible in case of Matița
Lake from 2004-2005. In contrast the Vârșolț and the St. Anna lakes show a
growth in the sedimentation pattern starting from the eighties.
The reasons for these growths are also different: the sedimentation of the Roșu
Lakes is greatly influenced by the deforestations and the growing of the regional
precipitation quantities, while the Matița and Vârșolț lakes are influenced more
by the latter.
However, the 210Pb method along with the CRS model is well applicable in all
cases. It is also visible, that the sedimentation rates have grown multiply in
comparison with the ones registered in the early eighties. There are many
reasons for this: dramatic deforestation, climatic changes, increase of the
precipitation pattern, having as consequence the presence of a growing number
of floodings in the catchment areas of the lakes. The precise relationship
between the sedimentation rates and the meteorological factors (climatic
changes) represents the sequel of this study and is among our future plans.
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The Matița Lake receives its sediment through more channels and is part of a
system composed of several lakes. The MAII17 is situated in the northern part of
the lake at mouth of the main inflow channel, so the transport of the sediments is
much more accentuated then the deposition. This is the explanation for the
relatively constant 0.35 g/cm2y sedimentation rates until 2006, preceded by a
growth of 6.61 times. The maximum value is visible in the 2009-2010 period. The
western MA18 sampling point shows outstanding values (1.59 g/cm2y) for the
1980-1984 period, followed by a relatively constant sedimentation with an average
of 0.59 g/cm2y until 2005. The maximum value (3.14 g/cm2y) is visible in 2012. The
sedimentation periods of the MA20 sampling point (situated in the eastern part of
the lake) can be separated in two: namely the 1980-1996 period, when the
average sedimentation was 0.52 g/cm2y, and the 1998-2012 period, when the
average was 1.16 g/cm2y. The western and the northern sampling points show a
relatively constant linear sedimentation of 2.19 cm/y and, respectively, 2.12 cm/y
until 2006-2007. The linear sedimentation pattern of the MA18 consists of a rapid
increase from 0,15 cm/y in 1980 to 2.47 in 1999, period which is followed by a
series of local maximum in the 2002-2003, 2004-2006, 2007-2008 and 2011-2012.
In 2006 a great flood was measured on the Danube having the maximum flow rate
greater than 15,000 m3/s and after 2009 the yearly presence of 10,000 m3/s floods
was recorded. These hydrologic events caused great sedimentation rates on the
northern and western part of the lake. The effects of the building of the Iron Gates
is not detectable in the western part of the lake, the sedimentation rates in this
area being 4.61 times higher than in the rest of the lake. It can be presumed that
the dynamic of the lake was different in the eighties, so a greater amount of
sediment could be deposited on the western side.
An increasing tendency of sedimentation rates is visible in case of the Vârșolț Lake
until 2006, its average being 0.53 g/cm2y. In the period of 2006-2007 the
sedimentations are maximal: 1.53 g/cm2y, followed by a constant period of 0.39
g/cm2y. Linear sedimentation rates show three outstanding periods: namely 20102011 (0.75 cm/y), 2002-2004 (1.02 cm/y) and 1980-1984 (0.83 cm/y).
The Vârșolț Lake was built in 1975 with the purpose to regulate the lower section
of the Crasna River. The settlings in this area were exposed to great risk, proven by
the flood which affected the Someș-Tisa basin in during 1970. The lake fulfils its
aim greatly, since the flood of 2006, which was present all over the territory of
Romania, is visible only in the increasing of sediment rates in that period in Sălaj
county.

