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Abstract. The article deals with research of the ecological situation in Lake Didziulis, located nearby the highway Vil-
nius—Kaunas (Trakai District); the most polluted locations in the lake were identified. Research of heavy metals (HM) and
radionuclides in the lake silt is described. To research HM concentrations and the specific activities of radionuclides, the
samples were collected from 12 bores in the most typical locations of the lake. The estimated HM concentrations in the
silt of Lake Didziulis vary within a wide range: Cr from 6.9 to 45.2 mg/kg, Ni from 20.4 to 55.7 mg/kg, Mn from 236 to
1362 mg/kg, Cu from 7.1 to 80.9 mg/kg, Pb from 24.4 to 87.8 mg/kg, Zn from 13.0 to 75.8 mg/kg. The HM concentra-
tions in the lake silt do not exceed the maximum allowed concentrations (MAC) in the soil, whereas the concentrations of
manganese, copper and lead in some samples are close to MAC. The counted specific activities of *°K fluctuate from
46 Bg/kg to 415 Bg/kg in the upper level silt and from 125 Bq/kg to 482 Bg/kg in the silt, which is found near the mineral
soil. The specific activities of other radionuclides at the said depths of the silt range as follows: *°Ra from 23 Bg/kg to
85 Bq/kg and from 28 Bq/kg to 93 Bq/kg, **’Ac from 2.1 Bg/kg t017.0 Bg/kg and from 7.3 Bq/kg to 23.0 Bq/kg, whereas
artificial *’Cs from <0.6 Bq/kg to17.6 Bq/kg and from <0.5 Bg/kg to 12 Bg/kg.
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1. Introduction

Lakes are subject to decline due to the silt accumulating
in them, the shores become overgrown with excessive
vegetation, this causing a serious ecological problem —
eutrophication takes place. Anthropogenic pollution con-
tributes to rapid silting of lakes, even though this process
also occurs naturally (BakSiene, Citinys 2007; Citinys,
Katkevi¢ius 2008).

Poor ecological situation of lakes was predetermined
by earlier easily entering untreated or insufficiently treat-
ed domestic wastewater, pollutants coming from live-
stock farms, arable fields and from atmosphere with
precipitation (Citnys, Katkevi¢ius 2004). Though at the
present moment the anthropogenic and agrarian pollution
of lakes has been decreased or suspended, its impact is
being felt even now. Lentic ecosystems that have been
polluted and which accumulated silt for many years are
not able to self-purify from the accumulated contami-
nants. Therefore, one of the main measures for revival of
silted lakes is partial or full removal accumulated silt.
Findings of conducted studies make it possible to esti-
mate the amount of the accumulated silt and its contami-
nation as well as select technologies for its removal from
the lake and opportunities of its further use or storage
(Balevicius, Citinys 2006).

Elements referred to as heavy metals (HMs) are dis-
tinguished by their weight per 1 cm’ exceeding 5 g. The
list of HMs covers many elements, which are essential for

living organisms, i.e. iron, manganese, copper, cobalt and
etc. A part of them is called microelements. Their high
concentrations, however, become hazardous to living
organisms. Some 38 heavy metals occur in nature, but not
all of them are regarded to be hazardous. Toxicity of an
HM increases with the increment in its atomic weight
(Mazvila 2001). HMs selected for studies are regarded to
be hazardous to living organisms; therefore, it is im-
portant to determine their amount in the silt of the lake.

Both artificial and natural radionuclides occur on the
Earth. Radioactive materials released to the atmosphere
diffuse very quickly. The major part of radionuclides mi-
grates in the land—water—flora—fauna system, thus entering
lake sediments. It is very important that when using sapro-
pel the amount of radionuclides in it would not exceed the
background level of the environment (Butkus 2006).

According to the data identified by researchers, 0.15
to 4.4 cm of silt accumulates in the lake per year; thus,
within 20 years it may constitute 3 to 88 cm (Citinys,
Katkevicius 2008). According to this data, it is possible
to estimate the environmental pollution caused in the
corresponding year, since basing on the literature data,
HM mobility is low deeper from the surface. In order to
evaluate the pollution of the lake, it is important to select
the sampling locations.

Research is aimed at determining concentrations of
heavy metals (Cr, Cu, Mn, Ni, Zn, and Pb) and specific
activities of natural (*’K, **Ra, *’Ac) and artificial *"Cs
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radionuclides in the silt of Lake Didziulis and evaluating
their distribution.

2. Methods for determination of heavy metals and
radionuclides in the lake silt

Lake Didziulis is located in south-eastern Lithuania,
Trakai District, Lentvaris Eldership; its area amounts to
65.1 ha and the average depth is 6.5 m. The northern part
of the lake is nearby the highway Vilnius—Kaunas—
Klaipéda; and in the south-eastern part, Dédeliskiy vil-
lage is located. In the southern part of the lake, Fabriko
Stream flows in; and in the northern part, Malevankos
Stream flows out (Fig. 1). In the past, the lake was pollut-
ed for several decades (until 2002) with Lentvaris town-
ship communal and industrial effluents from the
Lentvaris Carpet Factory and other plants. At present, the
pollution of Didziulis Lake from Lentvaris has been ter-
minated, but the effect of the past pollution is felt even
now as regards the water quality and ecosystem of the
lake. The diffuse pollution from the arable land located
on the shores, farmsteads dispersed on the lake shore and
highway has a certain effect on the ecological condition
of the lake.

For identification of heavy metals and radionuclides,
the silt samples were taken by a bog probe (a probe con-
sists of a tip for silt-taking and bars of 0.8 m in length)
from 12 bores made in different places (Fig. 1). Silt-
taking sites were selected nearby Fabriko Stream — the
lake inflow — and Melavankos Stream — the outflow; also
at the western edge of the lake with a steep slope on its
bank, and at the top of the slope the farms were formerly
located and later — the car repairing workshops. Several
bores were selected in the northern and north-eastern part
of the lake, near the highway, and in the south-eastern
part near the village of Dédeliskiy. Two samples were
taken from one bore at a different depth (silt on the sur-
face and near the mineral ground).

Concentrations of heavy metals in the sediments of
Lake Didziulis were determined by the method of absorp-
tion spectrometry. This method is based on element con-
centration measurements in a sample by using flame
atomic absorption spectrometry.

Primarily, samples were dried at a temperature of
80-105 °C to eliminate humidity. The dried and granulat-
ed samples were burnt at a temperature of 450 °C for
organic compounds to get burnt. Silt samples were burnt
at a laboratory of the Vilnius Gediminas Technical Uni-
versity (VGTU). Then a sample of 0.5 g is weighed at an
accuracy of 0.0001 g. The weighed sample is poured into a
small plastic vessel; hydrogen peroxide H,O, (2 ml) and con-
centrated 65% nitric acid HNO; (10 ml) is poured slowly. Min-
eralization is carried out in a microwave mineralizer Milestone
Ethos. After mineralization, a vessel with a sample is cooled
to 50-70 °C. Then the solution from the vessel is filtered
through a glass filter into a 50 ml flask. After having filtered to
the mark in the flask, it is dissolved with deionized water. Then it
is measured with a metal concentration spectrometer Buck
Scientific 210 VGP with the air-acetylene flame. All works
for the preparation of a sample are carried out in the draught
cabinet (Butkus ef al. 2004).
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Fig. 1. Locality plan of Lake Didziulis with bores

For producing a calibration curve, the comparative
solutions without lanthanum and with lanthanum are
used, as well as solutions of the used metals (Cr, Cu, Mn,
Ni, Zn, Pb), prepared from standard metal solutions (ap-
proximately 1000 mg// metal, 2% HNO3).

HM concentration of the sample under study is cal-
culated according to a formula:

WMe) = (Cyie f/~ V)W, ey
where W(M,) — metal concentration in a sample, mg/kg
of dry weight; Cy. — metal concentration in a solution,
mg//; f— dilution factor; V' — volume of solution, taken for
analysis, /; W — sample weight, recalculated into dry
sample weight, kg.

In the prepared lake silt sample HM concentrations
were determined at the Laboratory of Environment and
Workplaces Conditions of VGTU Institute of Environmen-
tal Protection according to the above presented methods.

Determination of radionuclides in sapropel samples
is carried out by physical analysis methods, i.e. without
the use of chemical reactions. The main methods are
spectral and radiometric analyses. Spectral analysis is the
determination of qualitative and quantitative composition
of gaseous, liquid or solid substances when investigating
the spectra of the object under analysis.

To determine the activity of radionuclides in sam-
ples, a semiconductor Ge (Li) spectrometer was used.

The efficiency of a semiconductor Ge (Li) gamma
spectrometer used at the Department of Environmental
Protection of Vilnius Gediminas Technical University for
662 keV energy is 0.26%, when a 52 ml cuvette is used
(Butkus and Beinaravi¢ius 2002; Butkus and Konstanti-
nova 2005). The relation of background radiation peak
area and measurement time for measured radionuclides
is: 2°Ra — 0.0138; 2"*Pb — 0.0605; **Pb — 0.0092; ***T1 —
0.0053; **Bi — 0.0062; *'Cs — 0.0029; **’Ac (911 keV) —
0.0039; *"Ac (969 keV) — 0.0018; *°K — 0.0023.
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The samples from the silt of Lake Didziulis prepared
for investigation (dried at a temperature of 80-105 °C)
were measured in standard Denta cuvettes. Samples were
measured for 24 hours. Weight of samples was approxi-
mately 35 g.

Radionuclides are identified according to the radiation
energy, characteristic of each radionuclide: *''Pb —
295 keV, 352 keV, ®T1 — 583 keV, *"*Bi — 609 keV, *’Cs —
662 keV, *’Ac—911 keV, 969 keV, “K — 1460 keV.

The specific activity of a radionuclide in a sample
(Bg/kg) or volumetric activity in a sample (Bq/m’) is
calculated by identifying the radionuclide activity in a
sample and sample weight or amount, according to a
formula (Dimavi¢iené, Butkus 2007):

S_S:
A=t b Q)
n-&-m

where: S — radionuclide activity peak area in the meas-
ured substance, imp/s; S; — background radiation peak
area, imp/s; t — sample measurement time, s; € — product
of energy and geometric efficiencies of a semiconductor
spectrometer; n — radionuclide decay quantum output;
m — measured sample weight, kg.

The absolute error of specific activity shall be calcu-
lated according to a formula (Dimavic¢iené, Butkus 2007):

AA = A[ P At Am ) €))
100t m

where: A — radionuclide specific activity in a sample,
determined according to formula (2), Bg/kg; p — meas-
urement relative error, determined by a spectrometer, %o;
At — measurement time error, s; Am — sample weight
determination error, kg.

3. Exploratory results of heavy metals in the lake silt
and their analysis

Concentrations of heavy metals (Cr, Ni, Mn, Cu, Pb, Zn)
were determined at different locations of the lake and silt
depths.

HM concentrations determined in the surface layer
of the lake silt (0.1-0.3 m from the silt top) and near the
mineral ground (0.1-0.3 m from the mineral ground) are
presented in Figs 2-3. A tendency is noticed that HM
concentrations are higher in the deeper layer of the silt.

Figs 23 show that a rather significant difference be-
tween HM concentrations in the surface and deeper lake
silt is in Bore 3, and this may occur due to the high thick-
ness of the silt layer. Manganese, chromium and zinc
concentrations are even twice as high in the near-bottom
silt than in the surface silt.

While evaluating the surface silt research data, it is
seen that the amount of manganese in different locations
of the lake varies by up to 4 times, chromium by up to 6
times, nickel up to 2.5 times, copper even up to 9 times,
lead up to 3 times, and zinc up to 5 times.

Exploratory results of heavy metals in the silt near
the mineral ground also show that significant variation of
concentrations exists in different locations of the lake.

Upon the evaluation of research data provided in
Figs 2-3, it is possible to distinguish bores, which are
studied in more detail (Bores 1, 4, 10 and 11). Those
bores are made in the specific locations of the lake, i.e.
where the highest and lowest afflux of pollution is proba-
ble. The distinguished Bore 1 is in the western part of the
lake, where the former pollution with water run-off from
the farms, later repairing workshops, located on the top of
the slope, and arable lands has been possible. The second
bore is not distinguished among the most specific bores,
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Fig. 2. Heavy metal concentrations in the surface silt of Lake Didziulis
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Fig. 3. Heavy metal concentrations in the silt of Lake DidZiulis near the mineral ground

since here concentrations of heavy metals in the silt at the
surface and near the mineral ground are close, as well as
Zn, Ni and Cu concentrations are close to the concentra-
tions in the silt of the first bore, as they were influenced
by the same sources as the first bore. Bore 4 was selected
near the inflow (Fabriko Stream), which in the past
brought many pollutants into the lake, and they entered
with the effluents from the Lentvaris Carpet Factory. In
the north-eastern part of the lake, Bores 10 and 11 are
located nearby the highway Vilnius—Kaunas and the lake
outflow (Melavankos Stream) (Fig. 1). According to the
exploratory data of Bores 10 and 11, it is possible to es-
timate the pollution from the highway; however, the
cleanest place of the lake is near the outflow, this being
characteristic of lakes. The concentration values of heavy
metals in these four bores are compared with the maxi-
mum allowable or background concentrations in the soil,
as well as with the mean values identified for HM con-
centrations in the silt of Lake Didziulis.

Fig. 4 presents the variation of chromium in the silt of
the lake under study in the most specific locations of the lake.

The mean chromium concentration in the lake silt
(22.9+4.3 mg/kg) is less than the background concentra-
tions in soils (30.0 mg/kg); however, contamination with
chromium is more significant in the western part of the
lake (Bore 1) and near the inflow (Bore 4). Cr concentra-
tion in the deeper layers of those bores gets increased,
and this could be affected by the former pollution enter-
ing with effluents the lake water and later also the silt. Cr
concentrations, as provided in the foreign literature
sources, fluctuate in the lake sediments from 14.3 to
110.0 mg/kg (Jha et al. 2002; Lee et al. 2007; Singh et al.
2007), i.e. up to 5 times higher than the established aver-
age concentration in the lake under study. Cr concentra-
tions in the north-eastern part of the lake, at the lake
outflow, are lower than the average chromium concentra-
tion in the explored lake and background concentration in
the soil up to 4 times in the surface silt, and in the deeper
existing silt up to 1.5 times. Thus Cr concentrations in the
lake silt differ up to 6 times.

Fig. 5 presents the established nickel concentrations
in the silt of the most typical locations of the lake.
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Nickel concentrations in the silt of the studied bores
are just by up to 2 times lower than MAC and up to 5
times higher than the background concentration in soils.
A tendency is observed that Ni concentrations in the
deeper layers is higher, therefore, it is possible to consid-
er that the former pollution is reflected in the lake silt.
Taking into account that all studied lake silt samples con-
tain considerably higher Ni amounts, as compared to the
background volume in soils, this may show that soils
accumulated nickel in lower amounts than the lake silt.
Willing to use this silt for soil recultivation, it would be
necessary to take into account the background volume
and MAC of Ni in the soil, so that when mixing the ferti-
lized soil with silt MAC would not be exceeded
(75 mg/kg).

Ni concentrations in the lake silt in other countries,
as provided in the literature, fluctuate from 17.7 to
49.0 mg/kg (Lee et al. 2007; Singh et al. 2007), they
differ insignificantly from Ni concentrations established
in the lake silt under study.

Fig. 6 shows the variation of manganese in the silt of
the lake under study. Mn amounts, determined in the
surface and near-bottom silt of the lake, are similar; Mn
concentrations in the surface silt are up to 10% lower.

A significant increase in manganese concentration
was observed near the inflow (Bore 4), which is very
close to MAC (constituting about 90% of MAC). In
Bores 1 and 10, manganese concentration is by 2 times
higher than the background volume in the soil. The low-
est manganese concentrations were determined in
Bore 11; they by some 3 times are lower than the mean
Mn concentration in the lake and even by some 6 times
less than MAC. In the silt of the lake under study, the
mean Mn concentration (771+52 mg/kg) is almost by two
times higher than background concentration in soils
(427 mg/kg); therefore before using the silt of this lake
for soil improvement, it would be necessary to take into
account that concentrations in the soil and lake silt would
not exceed MAC. Mn concentrations in the lake silt of
other countries, provided in the foreign literature, vary
from 90 to 1370 mg/kg (Jha et al. 2002; Lee et al. 2007,
Lepane et al. 2007; Singh et al. 2007).

The further considered copper variation in the lake
silt under study is given in Fig. 7.

From the data provided in Fig. 7, it is seen that con-
tamination with Cu is significant in the western part of
the lake (Bore 1) and near the inflow (Bore 4). Copper
concentration in those bores increases when going deeper
and differs reciprocally by up to 30%. Cu concentrations,
identified in the western part of the lake, are up to 4 times
higher than the mean value in the silt of Lake Didziulis
and even up to 10 times higher than the background con-
centration in the soil. Such Cu concentrations could be
predetermined by pollutants entering the lake with sur-
face and underground wastewater. The untreated or not
fully treated effluents discharged from the Carpet Factory
into the Fabriko Stream could contain considerable Cu
amounts, which formed during the carpet manufacturing
process. Farms and repairing workshops that were located
on the western s lope in the past ¢ ould also have had a
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negative effect on the contamination of the lake with HM.
Cu concentrations in the north-eastern part of the lake are
low, approximately by half less than the mean Cu con-
centration in the lake under study. Cu concentrations
determined in the silt of the lakes outside Lithuania vary
from 6.4 to 64.0 mg/kg (Lee et al. 2007; Lepane et al.
2007; Singh et al. 2007), i.e. up to 2 times higher than the
established mean Cu concentration in Lake Didziulis, but
in Bore 1 the established Cu concentrations were higher
than presented in the foreign literature.

Lead variation in the silt of the lake under study is
given in Fig. 8.

The highest Pb concentrations were determined in
Bore 1 both in the surface and deeper silt and they are
close to MAC (making about 85% of MAC). Pb concen-
trations, found in Bore 1, are by 1.5 times higher than the
mean concentration in the explored lake. In all samples
studied, Pb concentrations are about 4 times higher than
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Fig. 8. Lead concentration in the silt of the most specific loca-
tions of Lake Didziulis

the background concentration in the soil. Pb amounts
determined in the lake silt that were found in the foreign
literature range from 18.0 to 167.4 mg/kg (Lee et al.
2007; Lepane et al. 2007; Singh et al. 2007), i.e. Pb con-
centrations up to 3 times lower and higher than the mean
established in the silt of the lake under study as compared
to the lowest and highest Pb amount, given in the litera-
ture. Pb could enter the lake with surface wastewater
from the highway Vilnius—Kaunas; the same Pb concen-
trations could also be predetermined by Pb amounts en-
tering with wastewater from motor repairing workshops,
which were located on the lake slope, and arable lands.
As known, considerable Pb amounts were previously
released from transport, and this could have an effect on
the higher Pb amounts prevailing in deeper layers. Also
significant Pb amounts could enter with the water of the
stream, into which untreated, later insufficiently treated
domestic wastewater of the township of Lentvaris and
industrial effluents from the carpet factory were dis-
charged. However, evaluating the fact that lead amounts
both in the surface and near-bottom silt are much higher
than the background amount in the soil, it may be consid-
ered that lead is prone to accumulate in the lake silt.

Fig. 9 presents variation in zinc in the silt of the lake
under study.

Zinc concentrations as compared to MAC are low
(in some places lower up to 20 times); however, in the
western part, near the lake inflow and in one bore in the
eastern part, Zn concentrations are higher than the mean
concentration in the lake and established in Bore 11. In
the silt of Bore 10, located close to the outflow, estab-
lished higher Zn amount might have been predetermined
by pollution released from the highway Vilnius—Kaunas.
The higher Zn concentrations in the deeper layers in the
first bore and near the inflow could have been affected by
the pollution in the past. Since Zn, like other explored
HMs, established concentrations are higher than the
background concentration in the soil (in this case around
3 times), it is possible to assume that HMs accumulate in

Fig. 9. Zinc concentration in the silt of the most specific loca-
tions of Lake Didziulis

the lake silt more considerably than in the soil. Zn con-
centrations in the silt of the lakes of other countries as
presented in the literature, range from 23 to 190 mg/kg
(Jha et al. 2002; Lee et al. 2007; Lepane et al. 2007,
Singh et al. 2007), i.e. up to 4 times higher than the estab-
lished mean Zn concentration in the silt of Lake Didziulis.

Upon generalization of obtained results we see that
concentrations of heavy metals do not exceed MAC in the
soil. However, in certain silt samples from Lake Didziu-
lis, Mn, Cu and Pb concentrations are close to MAC,
therefore prior to using the silt of that lake, the back-
ground HM concentrations should be estimated in the
soil, onto which the silt woul be spread. HM concentra-
tions in the silt of the lake under study are lower than the
highest HM concentrations presented in the analyzed
foreign literature. A tendency is also noticed that HM
concentrations in the deeper layers are higher. It is possi-
ble to assume that this was owing to the pollution in the
past, but knowing that the silt near the mineral ground
has accumulated long ago when industrial and bigger
pollution sources were not yet in existence, therefore, a
presumption cannot be denied that silt mixing and possi-
ble migration deeper from the silt surface occurs due to
water turbulence. From the results presented it is also
seen that concentrations of heavy metals identified in the
majority of samples are higher than the background con-
centration in the soil.

4. Radionuclide research results and their analysis

The specific activities of natural (*’K, **°Ra, **’Ac) and
artificial *’Cs radionuclides are identified in the surface
silt and the silt near the mineral ground in the different
locations of the lake (Figs 10—13).

Fig. 10 presents a variation in the specific activity of
K in the silt of Lake Didziulis. *’K specific activity is with-
in the range of 46 Bq/kg to 415 Bq/kg in the surface silt
and from 125 Bg/kg to 482 Bg/kg in the silt near the mi-
neral ground.
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It is seen from the Figure that the highest specific
activity was established in Bores 5 and 6. Such accumula-
tion of potassium in those bores could be affected by the
lake bottom relief and water turbulence. The mean *’K
specific activity in the lake silt equals 255+31 Bg/kg. In
Bores 1, 2 and 3, a bigger difference is observed between
the “°K specific activity measured in the surface and
deeper existing silt. This radionuclide could enter the lake
due to the fertilization of arable lands with potassium
fertilizers and farms around the lake, especially in the
former years. “°K specific activities provided in the ana-
lyzed foreign literature vary in the range from 221 to
326 Bg/kg (Khaten et al. 2005) and are close to the deter-
mined *’K specific activities in the silt of Lake DidZiulis.

Fig. 11 presents a variation in **°Ra specific activi-
ties in the silt of Lake Didziulis. The specific activity of
Ra is within the range of 23 Bg/kg to 85 Bq/kg in the
surface silt and from 28 Bq/kg to 93 Bqg/kg in the silt near
the mineral ground. **°Ra specific activity found in the
lakes of Lithuania fluctuates from 14 to 60 Bq/kg (Begy
et al. 2009; Khaten ef al. 2005).

When analyzing data provided in Fig. 11, it becomes
clear that the highest *°Ra specific activity was deter-
mined in Bores 3 and 4. Such increment in “*°Ra specific
activity in the above bores may show that in the past this
radionuclide would have been entering with untreated or
insufficiently treated effluents from the industrial sector
through the factory stream. The mean **°Ra specific ac-
tivity in the silt of the lake under study equals
43+16 Bq/kg. It is noted that **°Ra specific activity in the
silt existing deeper in Bores 2, 8 and 12 is lower, which is
different from other bores. Such unevenness could have
resulted from water mixing, which occurs in the lake and
may also affect the silt.

Variation in **’Ac specific activity in the silt of Lake
Didziulis is provided in Fig. 12. **’Ac specific activity
ranges from 2.1 Bg/kg to 17.0 Bg/kg in the surface silt
and from 7.3 Bqg/kg to 23.0 Bg/kg near the mineral
ground existing in the silt.

It is seen from Fig. 12 that considerable differences
exist between *’Ac specific activities measured in the
surface silt and the deeper existing silt. In the deeper
existing silt, especially near the inflow (Bore 4), **’Ac
specific activity increases. The highest *’Ac specific
activity is measured in Bores 6 and 10, and this could be
affected by the lake bottom relief and water turbulence.
The mean **’Ac specific activity in the silt of the lake
under study equals 14+3 Bq/kg. Even though **’Ac spe-
cific activity in the silt near the mineral ground
(13,3 Bg/kg) is less than the mean, however, due to such
difference with the activity determined in the surface silt
(2.1 Bg/kg), it is possible to consider that in the past, the
considerable amounts of pollutants were brought to the
lake with the inflow.

A variation in the artificial radionuclide "*’Cs specif-
ic activity in the silt of Lake Didziulis is presented in
Fig. 13. The values of 'Cs specific activity fluctuated
from <0.6 Bg/kg to 17.6 Bg/kg in the surface silt and
from <0.5 Bg/kg to 12 Bg/kg in the silt near the mineral
ground. The "*"Cs specific activities in the silt of the lakes,
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Fig. 13. "*’Cs specific activity in the silt of Lake DidZiulis

presented in the foreign literature, range from 2.3 to
12.0 Bg/kg (Arnaud et al. 2006; Khaten et al. 2005; No-
made et al. 2005), i.e. close to the determined "*’Cs spe-
cific activities in the silt of the lake under study.

When studying the distribution of the specific activi-
ty of artificial *’Cs radionuclide in the lake silt, it is pos-
sible to notice that differently than the measured natural
radionuclides, the specific activity of *’Cs is higher in
the surface silt, and deeper it reduces. The highest *’Cs
specific activity was measured in Bores 2 and 4, the mean
*7Ac specific activity in the silt of the lake under study
equals 7+2 Bg/kg. Evaluating the fact that the speed of
silt formation in the lakes of different sizes and in differ-
ent locations of the lake is very uneaven, it is possible to
assume that the silt, taken from the surface (0.1-0.3 m),
could have been contaminated with “’Cs due to the
Chernobyl NPP accident. However, not possessing the
silt accumulation data of this lake, it is difficult to esti-
mate it precisely.

Upon generalization of the obtained results relating
to the research of radionuclide specific activities, we see
that natural radionuclides in the lake are distributed in the
lake unevenly, and the highest activities are not deter-
mined in the locations of the lake with the maximum
possible contamination. Comparing the specific activities
of K, **°Ra and "*’Cs radionuclides, given in the foreign
literature under study, we see that their values are close to
those established in the silt of Lake Didziulis. However,
the highest specific activities of artificial *’Cs radionu-
clides were established in the southern part of the lake,
and in all places of the surface silt of the lake under study
Cs specific activity identified is higher. According to
the data, provided in the literature, before the Chernobyl
NPP accident (1981-1983) the *’Cs contamination in the
locality of the lake under study did not exceed
600 Bq/m’, and after the accident in question (1988)
2000-4000 Bg/m” (Data... 1998; Izrael ef al. 1997). This
shows that in this locality, the predominant contamination
with *7Cs emerged after the Chernobyl NPP accident.

5. Conclusions

1. The established HM concentrations in the silt of
Lake Didziulis varied within a rather wide range: Cr —
from 6.9 to 45.2 mg/kg, Ni — from 20.4 to 55.7 mg/kg,
Mn — from 236 to 1.362 mg/kg, Cu — from 7.1 to
80.9 mg/kg, Pb — from 24.4 to 87.8 mg/kg, and Zn — from
13.0 to 75.8 mg/kg.

2. In certain cases, HM concentrations determined in
the lake silt even make about 90% of MAC, however, do
not exceed them, and in some locations — up to 10 times
higher than the background amount in the soil; therefore,
before using the silt of this lake it would be necessary to
evaluate the background HM concentrations in the soil,
onto which the silt would be spread.

3. Upon estimation of HM concentrations, estab-
lished in the surface and deeper layers, it is seen that in
deeper layers they are higher by up to 2 times.

4. The determined “°K specific activities fluctuate
from 46 Bq/kg to 415 Bq/kg in the surface silt and from
125 Bg/kg to 482 Bq/kg in the silt near the mineral
ground. Radionuclide specific activities at the said silt
depths vary as follows: *Ra — from 23 Bg/kg to
85 Bg/kg and from 28 Bg/kg to 93 Bq/kg; **’Ac — from
2.1Bg/kg to 17.0 Bg/kg and from 7.3 Bg/kg to
23.0 Bq/kg; and of artificial radionuclides *’Cs — from
<0.6 Bg/kg tol7.6 Bg/kg and from <0.5 Bg/kg to
12 Bg/kg.

5. The mean specific activity of artificial *’Cs radio-
nuclide is 7+2 Bg/kg, but the specific activity is up to
5 times higher in the surface silt than in the silt near the
mineral ground, this showing that the prevailing *’Cs
contamination in this locality occurred after the Cherno-
byl NPP accident.
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SUNKIUJU METALU IR RADIONUKLIDU PASISKIRSTYMO DIDZIULIO EZERO DUMBLE TYRIMAS

D. Butkus, K. Saltitniené

Santrauka

Straipsnyje nagrin¢jama Didziulio eZero Salia greitkelio Vilnius — Kaunas (Traky raj.) ekologiné biiklé, nustatytos eZero
vietos, kur buvusi didziausia tarSa. Aptariami atlikti sunkiyju metaly (SM) bei radionuklidy koncentracijy ezero dumble
tyrimai. SM koncentracijoms ir radionuklidy savitiesiems aktyvumams tirti éminiai buvo imti i§ 12 gr¢Ziniy, parinkty
budingiausiose ezero vietose. Didziulio ezero dumble nustatytas gana platus SM koncentracijy intervalas: Cr — 6,9—
45,2 mg/kg, Ni — 20,4-55,7 mg/kg, Mn — 236-1362 mg/kg, Cu — 7,1-80,9 mg/kg, Pb — 24,4-87,8 mg/kg, Zn — 13,0—
75,8 mg/kg. SM koncentracijos ezero dumble nevirsija didZiausiy leidziamyjy koncentraciju (DLK) dirvoZemyje, taciau
kai kuriuose bandiniuose mangano, vario ir §vino koncentracijos yra artimos DLK. Nustatytieji “°K savitieji aktyvumai
svyruoja nuo 46 Bq/kg iki 415 Bq/kg pavirS§iniame dumble ir nuo 125 Bg/kg iki 482 Bq/kg esanciame arti mineralinio
grunto. Kity radionuklidy savitieji aktyvumai tuose dumblo gyliuose svyruoja taip: **°Ra — nuo 23 Bq/kg iki 85 Bq/kg ir
nuo 28 Bg/kg iki 93 Bq/kg, **’Ac — nuo 2,1 Bg/kg iki 17,0 Bg/kg ir nuo 7,3 Bg/kg iki 23,0 Bg/kg, o dirbtinés kilmés
1¥7Cs — nuo <0,6 Bg/kg iki 17,6 Bg/kg ir nuo <0,5 Bq/kg iki 12 Bq/kg.

Reik§miniai ZodzZiai: ezero dumblas, Didziulio eZeras, sunkieji metalai, radionuklidai.
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HUCCJEJIOBAHUE PACIIPEJEJEHUS TSKEJIbIX METAJIJIOB U PAIMOHYKJIU/IOB B UJIE O3EPA
JIUJUKYJTAC»

. Bytkyc, K. HlanpuyHeHe
Peswome

AHaIM3UPYeTCsl IKOJOTUUECKOE COCTOSHHE 03epa «JAMIKyIUC», KOTOPOE HAXOMUTCS BO3JIE MarkCTPaabHON OPOTH
Bunbnioc—Kaynac (Tpakaiickuii paiioH), MICHTUPHUIMPYIOTCS MECTa C HAMOOJBLIMM 3arps3HEHUEM, aHATU3UPYIOTCS
pe3ynbTarhl uccieaoBaHuit Tsokenblx MetaioB (TM) u panmonyximnos B wie. J{ns uccnenoBanust konueHrpauuit TM u
CrIelM(UUYECKUX aKTUBHOCTEH PaJMOHYKIMIOB NMPOOBI Mila ObUIM B3ATHI U3 12 CKBaXKHH, MMOJ0OPAHHBIX B XapaKTEPHBIX
Mmecrax o3epa. Konuenrpanmn TM B mie ozepa «AnMmKynuc» MEHSUIMCH B JOBOJIBHO IIMPOKMX WHTepBanax: Cr — oT
6,9 mr/kr o 45,2 mr/kr, Ni — ot 20,4 Mr/kr go 55,7 mr/kr, Mn — ot 236 mr/kr no 1362 mr/kr, Cu —ort 7,1 Mr/kr 1o
80,9 mr/kr, Pb — ot 24,4 mr/kr 1o 87,8 mr/kr, Zn — ot 13,0 mMr/kr g0 75,8 mr/kr. Kontienrparmu TM, Haxonsmuxcs B wiie
03epa, He MPEBBIIATA TpenenbHo JomycTUMbIX koHuenrtpammii (ITJIK) B mouBe, oaHako B HEKOTOPBIX MNpoOax
KOHIEHTPAIMK MapraHia, Meay U cBuHIA Obimm Omm3kn k TTJIK. Crienmdmueckas axrusnocts “°K mensiercst ot 46 Bi/kr
1o 415 bx/kr Ha moBepxHOCTH ciost uia u oT 125 br/kr 1o 482 bk/kr BOIM3KM MUHEpanpHOro rpyHra. Crnenuduyueckue
AKTHBHOCTHU JPYTMX PaIHOHYKIHIOB Ha ONPEIEICHHBIX [yOHHAX NI MEHSIOTCS TakuM obpasoM: 2°Ra — ot 23 BK/KT 10
85 Br/xr u ot 28 Br/kr 10 93 Br/kr, 2’ Ac— ot 2,1 Br/kr mo 17,0 Br/kr u ot 7,3 Br/kr 1o 23,0 Br/kr, a PaJIMOHYKIIUIOB
HUCKYCCTBEHHOTO TIPOMCXOMKICHUS: 137Cs — o1 <0,6 Br/kT 10 17,6 Bx/xr u ot < 0,5 bx/kr 1o 12 Bx/kr.

KunroueBble ciioBa: i 03¢pa, 03¢po <(21Vl)1)l(yHI/IC)>, TSAXKCIIBIC MCTaJlJIbl, pPaAUOHYKJIU/IbI.

Donatas BUTKUS. Dr Habil, Prof., Dept of Environmental Protection, Vilnius Gediminas Technical University (VGTU).
Doctor Habil of Science (environmental engineering), VGTU, 1999. Membership: a member of International Academy of
Ecological and Life Protection Sciences. Publications: author of more than 200 research papers, co-author of monograph
Geophysical Problems of Atmospheric Krypton-85 (in Russian and English). Research interests: accumulation of radioac-
tive noble gases, their interaction with environmental bodies, self-cleaning of atmosphere, influence of ionizing radiation
of radioactive noble gases on geophysical processes; consequences of Chernobyl accident in Lithuania. Investigation of
environment physical pollution (ionic and non ionic radiation, noise, vibration).

Kristina SALCIONIENE. Master student of Waste Treatment Technology Programme, Dept of Environmental Engi-
neering, Vilnius Gediminas Technical University (VGTU), Specialist of Environmental Protection, Senasis ezeré¢lis UAB.
Bachelor of Science (environmental engineering), VGTU, 2008. Research interests: environmental protection, lake resto-
ration, waste management and technologies.



