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Abstract. Measurements of '*’Cs volumetric activity (VA) in coastal waters of the Baltic Sea (near Juodkranté) were car-
ried out in 2005. The highest values occurred in springtime; later they decreased, and in the summer—autumn period ap-
proximate homogeneous values of '*’Cs varied in the range of 41-57 Bg/m’, and the lowest values were observed in
autumn. Comparison of these values with analogous data obtained in 2003 and 2004 was carried out. The highest average
annual value of 63 Bq/m’ is proved to be in 2004. Furthermore, that year the greatest '*’Cs volumetric activity variations
in the range of 49-91 Bg/m® were observed. These variations are related to possible appearance of additional sources of
radioactive contamination in the sea. Evidently, such sources did not exist in 2005, when a satisfactory coincidence of

measured and calculated results was obtained.
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1. Introduction

For the first time radionuclides of an artificial origin
were supplied into the Baltic Sea with the global fallout
as a result of the tests of nuclear and thermonuclear
weapons in the atmosphere [1]. Later this sea was also
contaminated by various nuclear objects and by the per-
meation of radionuclide '*’Cs from the North Sea [1-3].

After the accident at the Chernobyl Power Plant
(ChPP) in 1986, an average "“'Cs volumetric activity
(VA) in the surface waters of the Baltic Sea grew by
more than an order of magnitude [4-10] relative to the
radioactive background (12 Bq/m’) formed after nuclear
tests in the atmosphere [1, 2]. In 1986 a growth in the VA
of artificial radionuclides was also observed [11], but the
surface waters of the Baltic Sea were practically purified
from these radionuclides within rather short periods [2].
The publications [8-23], etc present the distribution of
the '*’Cs radionuclide VA after the accident at the ChPP.

The fallout of radionuclide '*’Cs onto the surface of
the Baltic Sea was nonhomogeneous. A maximum fallout
of this radionuclide was deposited in the northern part of
the sea and the Gulf of Bothnia [2]. During a period of
time, a levelling of the '*’Cs VA in the surface waters
took place; the end of this process may be ascribed to
1989, when its VA appeared to be about 150 Bg/m’ [12].
Until now an increased *’Cs VA (45-50 Bq/m3) in the
southeastern part of the Baltic Sea (SEPBS) considerably
exceeded the radioactive background formed by the
global fallout [20]. By 1996 the '*'Cs VA in the SEPBS
appeared to be vertically homogeneous [22].

The description of the self-purification of the Baltic
Sea from '*'Cs radionuclide was made by a number of
authors using mathematical modelling [12, 13]. The au-
thors of studies [13] considered the physical processes
including the advection and mixing of the waters between
the neighboring “boxes”, sedimentation of the suspended
matter over the entire depth, mixing and displacement of
the sediments, and bioconcentrating. Using this model,
one may forecast an average annual VA of a radionuclide
in the seawater, sediments and biota.

The other model [12] is simpler in terms of calcula-
tions. This model includes the vertical turbulent diffusion
in seawater, the natural radioactive decay and the global
fallout occurring until now.

The first [13] and the second [12] models describe
the variation of '*’Cs radionuclide VA in the surface wa-
ters of the Baltic Sea from 1950 to 2000 and from 1996 to
2022, respectively. One must note, that the VA values of
this radionuclide obtained with the above models for
2000 are in a satisfactory correspondence to each other
(50-60 Bq/m3). These data, in some cases, are in agree-
ment with the results of in situ measurements in the
SEPBS and coastal waters.

However, in a number of cases pronounced diver-
gences were observed between the theoretical and ex-
perimental results, when the measured VA of '*’Cs
radionuclide exceeded its calculated values. In particular,
the measurement results of '*’Cs VA in coastal waters in
2003 often exceeded the calculated data by 20-50 %.

The detailed measurements of *'Cs VA in the
coastal waters of the SEPBS were carried out in 2004.
The obtained results showed that the measurement values
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exceeded calculated data two times or more [20]. How-
ever, a satisfactory coincidence of measured and calcu-
lated results in the summer and autumn of 2005 was
observed.

The objective of the present investigation is analysis
and generalization of experimental data and search of
possible cause of the various course of *’Cs VA in the
coastal waters of the Baltic Sea in 2003-2005.

2. Measurement method

The method of radiochemical precipitation of ra-
dionuclide "*’Cs in seawater samples was used during this
study as described in [17, 19]. The procedure of ferrocya-
nide-carbonate precipitation was carried out. Seawater
samples were taken from 0,5 m depth in coastal waters to
water tanks of 40-50 liters in volume [17, 19]. The yield
of ¥'Cs was determined gravimetrically in the form of
Cs3Sb,lg. The yield values of caesium varied within 60—
80 %. The activity of '*'Cs was registered by a gamma
spectrometer with a semiconductor detector. The deter-
mination error for *’Cs VA amounted 10 %.

3. Measurement results and their analysis

The measurements of '*’Cs radionuclide VA in the
coastal waters of the Baltic Sea near Juodkranté (Fig 1)
were carried out in 2003-2005. Some results were ob-
tained in Nida too.
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Fig 1. Lithuanian marine area of the Baltic Sea

As far as the global fallout of *’Cs onto the surface
of the Baltic Sea was nonhomogeneous [6], thus to the
period of 1989-1990 the process of levelling of VA of
the mentioned radionuclide was over. The *’Cs VA field
change in the surface waters of the Baltic Sea occurred
under the effect of meteorological situations and the
process of turbulent diffusion. The change in VA of this
radionuclide in the coastal waters was observed too.

Since the beginning of *’Cs VA field structure lev-
elling in the surface waters of the Baltic Sea up to now, a
gradual decrease in VA of this radionuclide was ob-

served. However, temporal leaps of its VA were regis-
tered in 1999 and 2002 [23]. Similar leaps of '*'Cs VA
are episodically observed in the coastal waters up to now.

The most reliable description of the course of VA of
1¥Cs radionuclide in the coastal waters of the Baltic Sea
refers to average annual values (Table 1).

Table 1. Average annual values of VA of radionuclide '*'Cs
(Bq/m3) in coastal waters of the Baltic Sea (near Juodkrant¢)

Year 1996 | 1997 | 1998 | 1999 | 2000
VA 73 71 68 96 65

Year 2001 | 2002 | 2003 | 2004 | 2005
VA 61 78 58 63 54

However, the average annual data are obtained for a
various number of measurements — from 4 to 32, that is
why the temporal tendency of the course of ’Cs VA
should be considered as approximate with an exception
for two last years, i e 2004 and 2005, when the number of
measurements was 24 and 32, respectively.

During the period of observation in 1996-2005
(Table 1) the extreme values of individual measurements
were observed (41 and 212 Bq/mS) [17]. This fact con-
firms a possibility of temporary formation of anomalous
high *’Cs VA in the SEPBS. The stated above number
differs by its magnitude from average annual values
(Table 1).

The individual results of measurements in the
coastal waters in 1996-2002 didn’t exceed an annual
number 11 [23], therefore, the greatest interest occurs in
comparison of the data obtained from a greater number of
measurements.

Such a period of observation appeared to be in
2003-2005. The extreme values of *’Cs VA registered in
this period are presented in Table 2.

Table 2. Extreme values of radionuclide *’Cs VA (Bq/m3) in
2003-2005 in coastal waters of the Baltic Sea (near Juodkranté)

2003 2004 2005

min max min max min max

48 76 49 91 41 77

The greatest difference between maximum and mini-
mum values of radionuclide *’Cs VA 42 Bq/m3) falls to
2004. Since July to October of 2004 the cyclic variations
of VA of this radionuclide were observed, i e the series of
its increase and decrease [18]. However, in 2005 the ab-
solute magnitude and time trend of '*’Cs VA in coastal
waters appeared to be different in comparison with those
in 2004.

At the end of April of 2005 the average value of
37Cs VA was 70 Bq/m3, however, after the 1% of May
this value considerably decreased, and during summer the
values of individual observations were in the range of
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45-57 Bg/m’. In autumn these values were decreasing
further and varied in the limits of 41-53 Bq/m3 with an
average value of 45 Bg/m’ (Table 3).

The obtained results of *’Cs VA (Table 3) differ es-
sentially from the results of individual measurements in
previous years [23] in absolute values and time trend. The
comparison of average monthly data obtained in 2003—
2005 is illustrated in Fig 2.
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The highest values are registered in 2004, when the
greatest instability of absolute values of *'Cs VA was
observed [20]. The curves presented in Fig 2 define a
possible tendency of changes in *’Cs VA in coastal wa-
ters of the Baltic Sea.

4. Discussion of experimental data

A wide information on changes in ’Cs VA in the
coastal waters of the Baltic Sea at the observation station
of Juodkranté was obtained in 2003-2005. But the num-
ber of measurements per month is different, and it hinders
to make a reliable comparison of the absolute values of
37Cs VA and the tendency of its change in time as well.
Thus the averaged values are to be assumed as approxi-
mate ones.

However, the results of individual observations ap-
peared to be different. In certain cases they did not outgo
beyond the limits of experiment errors but fairly often
7Cs VA changed significantly, sometimes its absolute
value differed two times, i e the “spots” of B7Cs VA for-
med, which dissipated within a few days. This phenome-

Fig 2. Average monthly values of radionuclide *’Cs VA

in the coastal waters of the Baltic Sea

Table 3. Volumetric activity of radionuclide *’Cs (Bq/m®) and some hydrometeorological parameters of coastal waters of the Baltic

non was the most characteristic for 2004 year.

Sea (Juodkranté) in 2005
No | Date e V3A, Temperature Conductivity, Average speed Averaged wind
Bg/m of water, °C mS/m of wind, m/s direction

1 2 3 4 5 6 7

1. | 04,22 62+6 4.5 970 3 northwest
2. | 04,23 69+7 5,0 965 3 north

3. | 04,25 74+7 6,0 990 3 east

4. | 04,27 667 7,0 990 4 east

5. | 04,29 7548 7,0 1050 3 north

6. | 05,01 75+8 6,0 1050 3 east

7. | 05,03 48+5 7,0 1025 5 southeast
8. | 05,05 50+5 8,0 1050 4 north
9. | 05,07 566 8,0 1025 4 west
10. | 05,08 46+5 8,0 1025 3 southwest
11. | 06,28 45+5 17,0 - 6 northwest
12. | 06,29 50+£5 17,5 995 6 north
13. | 07,01 54+5 15,0 900 2 northwest
14. | 07,03 55+6 16,0 900 2 northwest
15. | 07,05 54+5 16,0 900 3 east
16. | 07,07 54+5 17,0 960 2 east
17. | 07,09 52+5 17,0 960 3 east
18. | 08,23 49+5 18,0 990 3 east
19. | 08,25 50+5 18,0 930 4 southeast
20. | 08,27 54+5 17,0 960 6 west
21. | 08,29 51+£5 19,0 955 5 west
22. | 08,31 57+6 19,0 965 2 northwest
23. | 09,02 48+5 19,5 980 2 east
24. | 09,04 4745 18,5 - 3 north
25. | 10,14 46+5 14,0 880 3 west
26. | 10,15 41+4 13,0 920 6 north
27. | 10,16 46+5 11,0 940 4 north
28. | 10,18 53+5 9,0 960 2 northeast
29. | 10,20 414 9,0 920 5 southwest
30. | 10,22 45+5 10,5 960 6 south
31. | 10,23 44+4 10,0 950 4 west
32. | 10,25 48+5 9,0 960 6 southeast
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The formation of enlarged “’Cs VA observed in
2004 is impossible only due to natural hydrophysical
processes. The lifting of '*’Cs from deep to surface wa-
ters is rejected too because '*’Cs VA in deep and surface
waters differs insignificantly [21, 22]. The lifting of the
radionuclide to surface waters from bottom sediments is
not real as well, since the radionuclide practically is not
washed out owing to its strong bonds with sediments
[24]. Of course, a certain influence of freshwater from the
Curonian Bay is possible at the observation station near
Juodkranté and at the whole coast of the Curonian Spit
(Fig 1). However, it can be attributed to the local phe-
nomena due to which 'Y’Cs VA can only decrease. It
should be noted that such facts are easily verified accord-
ing to change in salinity (conductivity) and temperature
of sea water.

The impact of intensity of precipitations practically
did not afflect the magnitude of '”’Cs VA if to take into
consideration the fact that in August of 2005 the amount
of precipitations in the sea coast area tripled the normal
level. Therefore, the most probable is the transfer of the
radionuclide from the regions of a greater activity to co-
astal waters. Unfortunately, the information about such
regions is unavailable for the authors. However, it is
found that radionuclide '*'Cs is not a fresh decay product,
since in the analysed seawater samples radionuclide
13%Cs, which is easily found, practically was absent, i e its
activity did not exceed the limits of measurement errors.

Average annual *’Cs VA values appeared to be in-
constant in the last three years (Table 1), and the extreme
values appeared to be different as well (Table 2). Dis-
crepancy between average annual experimental [18] and
calculated [12, 13] values in 2004 and a satisfactory coin-
cidence of the same values in the summer—autumn period
of 2005 were observed.

The data obtained in 2004 may be interpreted as
formation of local radioactive sources of contamination in
surface waters as a result of the dumping of radioactive
waste in the marine zone of Lithuania or its transfer from
the other sea regions. The leaps of *’Cs VA did not cor-
relate with hydrometeorological parameters, therefore,
these phenomena appeared to be independent of the
variations of hydrometeorological conditions.

In the summer—autumn period of 2005 the local
sources of radioactive contamination apparently were
absent or they were diluted by intensive precipitations
and increased flow of terrestrial waters. In this period a
satisfactory coincidence of experimental and calculated
data was observed; they were found to be within the lim-
its of experiment errors.

5. Conclusions

1. Significant variations of '*’Cs VA (41-91 Bg/m”)
in coastal waters of the Baltic Sea (near Juodkranté) in
2004 and comparatively homogeneous values of '*'Cs
VA (41-57 Bg/m’) in the summer—autumn period of
2005 were obtained.

2. Maximum average monthly values were obtained
in 2004.

3. A satisfactory coincidence of measured and calcu-
lated data of "*’Cs VA was in the summer—autumn period
of 2005, what indicates the absence of additional sources
of contamination.

4. Correlation between “’Cs radionuclide VA and
hydrometeorological parameters or the intensity of pre-
cipitations was not observed; it confirms independence of
formation of the leaps of '*'Cs radionuclide VA of hy-
drometeorological parameters.
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37Cs RADIONUKLIDO TURINIO AKTYVUMO TYRIMU BALTIJOS JUROS PRIEKRANTEJE 2003-2005 m.

REZULTATU PALYGINIMAS IR ANALIZE

D. Styra, R. Morkiiniené, N. Astrauskiené, A. Daunaraviciené

Santrauka

2005 m. atlikti i§samiis '*’Cs radionuklido tirinio aktyvumo (TA) tyrimai Baltijos jiiros priekrantés vandenyse (ties
Juodkrante). Didziausios reik§més nustatytos pavasario laikotarpiu; véliau jos gerokai sumazéjo, o dar véliau, vasaros ir
rudens laikotarpiu, kito neZymiai — nuo 41 iki 57 Bq/m’. MaZiausios TA reik§més gautos rudeni. Nustatytos TA reik§més
palygintos su 2003 m. ir 2004 m. atlikty tyrimy duomenimis. DidZiausia vidutiné metiné reikimeé — 63 Bq/m® ir didZiausi
97Cs TA reik$miy poky&iai — nuo 49 iki 91 Bg/m® buvo 2004 m. Sie svyravimai gali biiti siejami su papildomy radioakty-
viosios tar§os Saltiniy atsiradimu jtiroje. Teoriniy skai¢iavimy ir eksperimentiniu biidu gauty rezultaty sutapimas 2005 m.
buvo patenkinamas, nes tar§os Saltiniy tiriamuoju laikotarpiu nebuvo.

ReikSminiai ZodZiai: Baltijos jira, "*’Cs radionuklidas, tdrinis aktyvumas, ekstremaliosios reik§més.

CPABHEHHE M AHAJIN3 PE3YJIbTATOB U3MEPEHHIT OFbEMHOM AKTUBHOCTH
PAJIMOHYKJIUJIA '¥'Cs Y BEPET'A BAJITUIICKOI'O MOPSI B 2003-2005 .

. Cteipo, P. MopkyHene, H. Actpayckene, A. /laynapaBudeHe
Pesome

[IpoBenens! moapoOHbIE UccaenoBaHus 00beMHON akTHBHOCTH (OA) pagroHyKIHaa s B puOpexXHBIX Bojax bantuii-
ckoro mMops (63 FOoxkpante) B 2005 . Hanbosee Bricokne 3HaYeHHs 00BEMHON aKTHBHOCTH PafANOHYKIN/A 3aCBHIE-
TEJILCTBOBAHbI B BECEHHEE BpeMs; Jajiee OHM 3aMETHO YMEHBIIMINCh, IOCIe Yero HaOJIONalNCh CPaBHUTEIHEHO
onHopoabie Beauannsl OA *’Cs, koTophle TeToM—0ceHbI0 Konebamuch B npenenax 41-57 Bk/M’, a HauMeHbIIME 3HavE-
HUs MPUIUIUCH HAa OCeHb. [IpoBefeHO cpaBHEHME 3TUX BEJIMYMH C AHAJIOTMYHBIMH JIAHHBIMH, ToiydeHHbIMH B 2003 1
2004 rr. HanGosee BHICOKOH CpeIHEro0BOH BEMHUMHON OKasamach 63 Bk/m® B 2004 r. KpoMe TOro, B TeueHHe JeTHe-
OCEHHEr0 TepHoJIa STOr0 Toja HabmoaaIIch Hanbopume konebanus OA *'Cs B mpenenax 49-91 Bx/m’. Itn koneGanmus
CBSI3BIBAIOTCS C BO3MOKHBIM IOSIBIEHHEM B MOPE JOMOTHUTENBHBIX HCTOYHUKOB PAaANOAKTUBHOTO 3arpsi3sHeHus. OHaKo
TaKue MUCTOYHHKH, MO-BUANMOMY, OTCyTcTBOBaIX B 2005 T., KOrma HaGMIOAANOCh yIOBIETBOPUTENIFHOE COBIAAECHHE H3-
MEPEHHBIX W pacYeTHBIX Pe3yIbTaToB.

o 13
Karouessblie ciaoBa: bantuiickoe MOpPE, paAUOHYKIIN 7CS, 00beMHast AKTUBHOCTbD, DKCTPEMAJIbHbIC BEJINYUHBI.
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