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To evaluate water quality changes in selected streams of Integrated Mo-
nitoring Sites (IMS) and an agrostation (AS), the level of heavy metals
(Pb, Cd, Cu, Cr, Ni, Mn) and radionuclides (**’Cs, *Cs, K, *Sr) was
determined in bottom sediments. The heavy metal concentrations in
surfice sediments of streams showed annual and seasonal changes and
differences among the monitoring sites. The dynamics of accumulation
level of heavy metals during 1996-1998 indicated that the concentration
of cadmium gradually decreased in all localities. Accumulation of lead
was observed at the Aukstaitija, Dziikija and Zemaitija IMS. A down-
ward trend was recorded in the contents of Pb, Cu, Cr and Ni and an
upward trend in the Mn content at the Kédainiai agrostation.

Activities of 1¥7Cs were relatively constant in sediments of the Aukstai-
tija and Dzikija IMS, while three times higher concentration of radio-
nuclides were determined in the Zemaitija IMS. The accumulation level
of ¥Cs was significantly lower at the agrostation (LT06) than in the
other monitoring sites. *°Sr activity increased in the IMSs with the ma-
ximum being found at the Dzukija station.
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INTRODUCTION

Contaminated sediments, in both freshwater and
marine systems, are a significant issue worldwide.
Contaminants can persist for many years in sedi-
ments, where they have the potential to adversely
affect human health and the environment. Some che-
micals continue to be released to surface waters from
industrial and municipal sources, and polluted run-
off streams from urban and agricultural areas con-
tinue to build up harmful levels of contamination in
sediments.

In a comprehensive sediment assessment ap-
proach, five basic components should be consider-
ed: (1) benthic community structure, (2) laboratory
bioassays for evaluating the toxicity of in-place pol-
lutants, (3) bioaccumulation information, (4) know-
ledge of site stability, and (5) physico-chemical se-
diment properties [8].

Monitoring of the quality of stream water is
part of a complex programme of biota monitoring
in Lithuania [5]. The quality of surface water is
under constant observation and evaluation by 70
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indices and highest permissible concentrations in 47
streams [6].

Investigations of accumulation of heavy metals
and radionuclides in bottom sediments as well as of
the structure and abundance of benthofauna com-
munities in the selected streams of stations of biota
monitoring were carried out. The aim of the pre-
sent work was to compile data on the ecological
state of integrated monitoring and agrostationary
streams and to evaluate the anthropogenic impact
on the environment.

MATERIALS AND METHODS

Sediment samples were collected in spring and au-
tumn in the surface layer (2-5 cm) of bottom sedi-
ments in the Versminis stream (AukStaitija IMS,
LT01) with a soft turfy bottom and in hard-bottom-
ed (sand and gravel) Duburiai (Dztkija IMS, LT02),
Juodupis (Zemaitija IMS, LT03) and Greisupis (Ké-
dainiai AS, LT06) streams.

Heavy metal (Pb, Cd, Cu, Cr, Ni, Mn) concen-
trations in bottom sediments of the streams were
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determined by electrothermal atomic absorption spec-
trometry with AAS-30 (Carl Zeiss Jena) and AA-25
Plus (Varian) spectrophotometers with a graphite fur-
nace in the trace level [1]. The sediment digest for
metal analyses was prepared by heating samples with
an Apion dry mode mineraliser. The mineralization
takes place under atmospheric pressure. The prin-
ciple of the mineralization is original, wholly univer-
sal and consists in heating a superoxidative gas mix-
ture into the containers with samples heated to a
chosen temperature in the range of 300-400 °C. The
oxidative gas mixture consists of oxygen, nitrogen
oxide and ozone and is prepared in the device by
combustion of ammonia and by ozonation. As a by-
product chemically pure nitric acid is formed, which
can be used after distillation for dissolving the samp-
les after mineralization. Concentrations of heavy me-
tals in samples of bottom sediments were calculated
in pg/g dry mass.

The activities of *Cs, ¥’Cs and *K were mea-
sured applying standard methods for radioecological
analyses. Bottom sediments were dried at 90 °C,
homogenised, weighed and placed into 100 ml poly-
ethylene beakers. Radionuclide activity was deter-
mined using a gamma spectrometer with a HPGe
or Ge+Li detector calibrated by mixed radionuclide
standards. Gamma spectrum analysis, identification
of nuclides and calculation of activities were per-
formed using Gamma Trac or BS software. After
gamma spectroscopy the activity of **Sr was deter-
mined. The samples were ashed at 610 °C for 15 h
and dissolved in HCI. Yttrium-90 was extracted from
the solution with 10% HDEHP. The activity of *Sr
was counted in a low level anti-coincidence beta
counter. The chemical yield of the Y carrier was
determined by weighing [7].

RESULTS

Based on the evaluation of the data on annual chan-
ges of heavy metals, in 1998 we could state that the
level of accumulation of xenobiotics at separate sta-

tions was different, though in most cases no signifi-
cant changes were found (Table 1). The concentration
of cadmium (Cd), one of the most toxic heavy metals,
in stream sediments varied from 0.12 to 0.76 pg/g dry
weight. As compared to spring, the concentration of
Cd in autumn was 1.3-1.5 times higher (except for the
Versminis stream at the Aukstaitija IMS). The Cd con-
centration in samples of soft turfy bottom was stable
(0.18-0.19 pg/g). In 1998, the highest Cd concentra-
tion was found in Juodupis silt samples (Zemaitija
IMS) where it was almost 3—4 times higher than at the
other monitoring stations. The results obtained that
year show that least polluted was the bottom of the
Duburys stream (Dztkija IMS).

A similar tendency is characteristic of the seaso-
nal changes of the content of lead (Pb) in stream
silt: the highest content of Pb was determined in
spring (Table 1). The Pb concentration at the
Aukstaitija IMS in the water sediments of the Vers-
minis stream showed no seasonal changes. The high-
est amount of Pb was found at the Zemaitija IMS
(11.4-19.3 pg/g), while it was lowest at the Kédai-
niai AS (3.1 pg/g on average). Similar accumulation
levels were found at the LT01 and LT02 monitoring
stations with 6.3 and 5.6 pg/g of dry substance, res-
pectively.

The levels of copper (Cu) at the LT02, LTO03,
and LTO06 monitoring stations was almost stable
and varied only from 2.4 to 9.4 pg/g. The highest
levels of copper was accumulated by the Versmi-
nis stream silt (LT01), where the annual Cu con-
centration made up 7.1 pg/g. The lowest levels of
the latter microelement were determined at the
Kédainiai AS and Zemaitija IMS. The concentra-
tion of chromium (Cr) at the Dziikija and Zemai-
tija IMS and at the Kédainiai AS was stable within
a year. However, as compared to spring there was
determined an increased level of this trace metal
at the Aukstaitija IMS, and it was 1.4 times higher
in autumn (Table 1). The highest level of Cr had
been accumulated in the Versminis stream bottom
sediments (LT01) (5.85 pg/g) and the lowest by

Table 1. Concentrations of heavy metals (mg/g dry substances) in bottom sediments of monitoring streams in 1998
Station Date | C | Mn Ni Cu Pb cd
Aukstaitija IMS 05.07 4.86 134 3.87 9.41 6.20 0.18
(LT01) 10.24 6.84 195 5.47 4.84 6.51 0.19
Dzikija IMS 05.05 212 149 3.53 4.78 7.43 0.15
(LT02) 10.18 247 137 1.82 3.94 3.85 0.12
Zemaitija IMS 05.14 2.67 102 2.43 2.58 19.30 0.76
(LT03) 10.21 1.72 119 1.05 2.72 11.40 0.54
Keédainiai AS 05.14 3.97 195 4.23 247 3.84 0.18
(LT06) 10.21 3.40 130 4.12 2.40 2.34 0.12
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the Duburiai (LT02) and Juodupis (LT03) stream
water sediments.

The level of nickel (Ni) at the Kédainiai AS
showed no seasonal changes, whereas in autumn at
the Dziikija and Zemaitija IMS it was two times
lower than in spring, while at the Aukstaitija IMS,
on the contrary, it was 1.4 times higher than in
spring. The highest content of Ni was found in the
stream silt at the LT01 and LT02 monitoring sites.

The content of manganese (Mn) in stream bot-
tom sediments in spring and in autumn changed. In
autumn the Mn accumulation level at the LT01 and
LTO03 stations was 1.5 times higher than in spring,
whereas it was 1.5 times lower in LT02 and LT06
streams. The highest level of Mn that year was re-
gistered at the AukStaitija and Dziikija IMS, while
it was lowest at the Zemaitija IMS.

According to the general concentration, heavy
metals can be arranged in the following decreasing
order: Mn > Pb > Cu > Cr > Ni > Cd.

The activity of globally distributed artificial ra-
dionuclides **Cs, ¥"Cs, *“Sr as well as of radionuc-
lide “K, a chemical analogue of *’Cs, in the inves-
tigated bottom sediments is presented in Table 2.
Seasonal activity changes of radionuclides in the per-
manent rivers are determined by isotope migration
with sand and silt particles carried out by the stre-
am. The analyses of the distribution of radionucles
in hydroecosystems (water, hydrofits, bottom) sho-
wed that bottom sediments accumulate 88% of '*'Cs
and 40% *°Sr [10]. The activity of a globally distri-
buted '¥Cs in the investigated monitoring sites fluc-
tuated within a relatively wide interval (from 3.8 to
115 Bg/kg dry mass). By its geochemical characte-
ristics, '’Cs is rapidly dissolvable in water and easi-
ly makes ionic forms or colloids. Moreover, the su-
spended particles of detritus easily accumulate ’Cs,
which later settles down on the bottom [10]. Our
data show that the activity of this metal was the
least and relatively stable in the bottom of the Grei-

supis stream (3.8-3.9 Bqg/kg). The maximal ¥’Cs ac-
tivity was determined in spring samples at the LT03
monitoring station (115 Bq/kg), which in autumn dec-
reased by 29% (Table 2). The seasonal *’Cs chan-
ges in bottom sediments at the LT01 and LT02 sta-
tions of the monitoring streams were insignificant.

A specific activity of the **Cs was found only in
the autumn samples of silt in the Juodupis (Zemai-
tija IMS, 0.86 Bq/kg). This particular '*Cs activity
proved an influence of the Chernobyl Nuclear Po-
wer Plant accident on the radioecological pollution
of the environment. This radionuclide belongs to a
short-lived artificial group of radionuclides. The ac-
tivity of K (a chemical analogue of '¥’Cs natural
radionuclide) which is reflected in the investigated
bottom sediments of streams shows natural fluctua-
tions of radiation in the environment [4]. As com-
pared to the end of the vegetation season, the ac-
tivity of this radionuclid was higher at the beginning
of the vegetation season in LT02, LT03 and LT06
bottom sediments of streams. However, at the
Aukstaitija IMS, analogously to 'Cs seasonal chan-
ges of accumulation, the activity of “K was lower in
spring than in autumn.

The activity of the radioactive *Sr fluctuated in
a relatively harrow interval in the investigated stre-
am silt and reached 1.35-6.86 Bq/kg (Table 2). This
radionuclide in all the investigated sites exhibited a
1.5-2.3 higher activity in spring than in autumn. The
average annual *Sr concentrations at the integrated
monitoring stations were similar (LT01, LT02, and
LT03 - 3.46, 4.91 and 3.03 Bq/kg, respectively). The
lowest *Sr activity was determined in the Kédainiai
AS Greisupis bottom sediments where the average
annual activity made up 1.67 Bg/kg dry mass.

DISCUSSION

While investigating the dynamics of heavy metal ac-
cumulation in the monitoring stream bottom sedi-

Table 2. Activities of radionuclides (A, Bg/kg dry substances) in bottom sediments of biota monitoring streams in
1998. P — error of estimation in %
Cs-137 K-40 Sr-90
Station Date

A | P A P A P
Aukstaitija IMS 05.07 12.2 11 142 10 2.10 12
(LT01) 10.24 15.3 3 324 4 4.81 15
Dzikija IMS 05.05 40.3 5 602 5 2.95 12
(LT02) 10.18 36.2 8 338 10 6.86 15
Zemaitija IMS 05.14 115.0 9 501 9 2.08 12
(LT03) 10.21 82.1 7 487 9 3.98 15
Kédainiai AS 05.14 3.9 18 649 5 1.35 12
(LT06) 10.21 3.8 15 567 5 1.99 15
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ments (1996-1998), it was observed that their con-
tent in the surfice silt layer was different every year
(Figs. 1 and 2). A gradual decrease of the accumu-
lation level in all surfice layers of the investigated
stream bottoms is characteristic of the inter-annual
dynamics of cadmium, one of the most toxicant che-
mical stressors. At all the monitoring stations Cd
content in the bottom sediments was lower than the
maximum allowable concentration (MAC) [3]. The
Cd concentration that was determined that year at
the LT03 monitoring station (0.65 pg/g) was equiva-
lent to the threshold concentration, which according
to the literature sources has no negative effect on
benthic community [3]. However, in the other mo-
nitoring stations the content of Cd during three years
was 3—4 times lower than the transitional concentra-
tion (Fig. 1).

As compared to 1996, in 1998 at the monitoring
stations the accumulation change of lead showed a
significant increase. Though the area of the Kédai-
niai AS is in a territory of economic activity, the
content of Pb in the Greisupis silt was the lowest.
Based on the three-year investigation data we can
state that the accumulation level of copper in the
bottom sediments was gradually decreasing, except
for the station LTO01, where the copper concentra-
tion that year increased by 37% as compared to
1997, and it was the highest (7.1 pg/g) among all
the monitoring sites (Fig. 1).

In 1997-1998, the concentrations of chromium
at the LTO1, LT02, and LTO06 stations were relative-
ly stable. During three years, the highest Cr and Cu
concentrations have been found in the LT01 moni-
toring stations, while they were lowest in the LT02
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Fig. 1. Concentrations of heavy metals (Ni, Cr, Cu, Cd,
Pb) in bottom sediments of monitoring streams at Auks-
taitija IMS (LTO01), Dzikija IMS (LT02) and Kédainiai
(LT06) in 1996-1998
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and LT03 monitoring stations. A significant decrea-
se in the accumulation level of nickel was observed
in 1996-1998 in the Zemaitija IMS, where the con-
centration of this metal that year was the lowest
(1.74 pg/g). A slight increase in Ni content was ob-
served in the stream silt at the LTO01, LT02 and
LT06 stations (Fig. 1). According to the published
data [3], the background value of this heavy metal
in the bottom surface of the water bodies makes up
31 pg/g, and the threshold concentration that has
no negative effect on the bottom animals makes up
16 pg/g.

During the last three years, the accumulation
level of manganese in the integrated monitoring sta-
tions significantly decreased (Fig. 2). The opposite
tendency has been observed in the Kédainiai AS,
where the amount of Mn in the silt fraction that
year increased up to 42% as compared to the pre-
vious year and to 78% against 1996. The threshold
concentration of manganese made up 400 pg/g [3].

According to our investigations, the activity of
¥Cs in the Kédainiai AS in 1996-1998 was decre-
asing. As compared to 1997, in 1998 a particular
activity of this radionuclide in the Greisupis stream
silt decreased by 63%. This might be related to a
decrease of the pollution with radionuclides in this
area. During the last three years, '¥’Cs activity in
the bottom sediments slightly decreased. However,
an exception is the dynamics of this radionuclide in
the Zemaitija IMS, where the average annual ¥Cs
concentration that year was the highest and 1.5 ti-
mes higher than the maximum allowable concentra-
tion for this station in 1996. The collected material
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Fig. 2. Dynamics of Mn accumulation in bottom sediments

of monitoring streams at Aukstaitija IMS, Dziikija IMS
and Kédainiai AS in 1996-1998
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allows us to maintain that the Plateliai National Park
has formed as an accumulation zone of the artificial
radionuclides emitted by the Chernobyl Nuclear Po-
wer Plant accident. This is proved only by the acti-
vity of Cs which was found in this territory, and
also by the zone of an increased radioactivity over
the Zemaitija National Park, which was determined
with the help of radioecological investigations of the
air.

The level of Sr accumulation in the stream silt
fraction depends on the structure of the bottom of
a waterbody and on the level of sediment minerali-
sation. In sandy-gravel bottoms, the accumulation of
“Sr is lower than in silt [10]. While analysing the
PSr accumulation dynamics, we can see that during
the last three years the particular activity of this
radionuclide in the investigated streams was similar
and ranged within a comparatively low interval (bet-
ween 1.2 and 4.9 Bg/kg dry mass) (Fig. 3). The
obtained results revealed a general tendency of ac-
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Fig. 3. Activities of radionuclides *’Cs and *Sr in bottom
sediments of monitoring streams at Aukstaitija IMS, Dza-
kija IMS and Zemaitija IMS in 1996-1998

cumulation level increase of this radionuclide at the
integrated monitoring stations. As compared with the
results of 1996, in 1998 the °Sr concentration in
the stream silt fraction was 1.6-3.0 times higher. In
the Kédainiai AS during 1997-1998 the **Sr accumu-
lation level was relatively stable (1.85-1.67 Bq/kg),
but it was the lowest of all the monitoring stations.

In 1994-1998, after assessing the biodiversity of
macrozoobenthos according to the Shannon-Wiener
(H, bits/ind.) and Simpson’s indices (D) and water
quality using the Trent and Mean Chandler biotic
indices [9], it was established that the monitoring
streams were clean waterbodies [2] (Arbaciauskas,
unpublished report).

CONCLUSIONS

The heavy metal concentrations in surfice sediments
of streams showed annual and seasonal changes and
differences among the monitoring sites during 1996—
1998:

* The concentration of cadmium gradually dec-
reased at the stations of integrated monitoring (IMS)
and at the agrostation (AS).

* A prominent accumulation of lead was observ-
ed in the Aukstaitija and Dziikija IMS, the concen-
tration of manganese increased at the Kedainiai
Agrostation. These changes may be caused by the
anthropogenic impact, as well as by natural varia-
tions in the accumulation of Mn in the ecosystem.

* Activities of '¥'Cs were relatively constant in
bottom sediments of the AukStaitija and Dzikija
IMS, while a three times higher '¥’Cs concentration
was determined at the Zemaitija IMS. The short-
life artificial radionuclide activity *’Cs (0.86 Bq/kg
DW) was detectable only at the Zemaitija IMS,
which may suggest radioactive contamination of the
Plateliai National Park area by the Chernobyl Nuc-
lear Power Plant.

* %Sr activity increased significantly in the IMS,
the maximum being found at the Dziikija station.
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SUNKIUJU METALU IR RADIONUKLIDU
AKUMULIACIJA MONITORINGO UPELIU
DUGNO NUOSEDOSE

Santrauka

IStirti sunkiyjy metaly (Cd, Pb, Cu, Cr, Ni ir Mn) bei
radionuklidy (*¥’Cs, *Cs, YK, Sr) akumuliacijos lygiai
integruoto monitoringo teritorijy ir agrostacionary upeliy
organineés kilmés dugno nuosédose. Ivertinus 1998 m. po-
kycius, iSrySkéjo bendra Cd, Cu, Cr ir Ni santykinai sta-
bilios sezoninés kaitos tendencija, tuo tarpu Pb ir Mn
kiekiai buvo didesni pavasarij, palyginti su rudeniu. Tarp-
metinei 1996-1998 m. dinamikai budingas palaipsnis kad-
mio koncentracijos mazéjimas ir §vino akumuliacijos lygio
didéjimas integruoto monitoringo teritorijy upeliuose. Pa-
gal vidutinj akumuliacijos lygi tirti sunkieji metalai yra
i§sidéste Sia mazéjancia tvarka: Mn > Pb > Cu > Cr >
>Ni > Cd.

Globaliai pasiskirsciusio technogeninio radionuklido ce-
zio (Y¥7Cs) tarpmetinei dinamikai badingas santykinis spe-
cifinio aktyvumo stabilumas ir gerokai didesnis akumulia-
cijos lygis Zemaitijos integruoto monitoringo teritorijoje,
kurioje aptiktas ir '**Cs aktyvumas. Stebima stroncio (*°Sr)
koncentracijos tirty upeliy dugno nuosédose didéjimo ten-
dencija. Nustatytos metaly koncentracijos daugelyje tirty
atvejy yra mazesnés uz slenkstines ir neturi poveikio upe-
liy bentofaunai.



