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1. Sources of radioactive
contamination
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The Baltic Sea is still the most contaminated with 137Cs 
among shelf seas worldwide. 

Overview

•discharges from nuclear power plants and the fuel 
reprocessing that have injected relatively smaller amounts of 
Cs into the Baltic Sea environment.

• the fallout after the Chernobyl accident in April 1986 when 
large amounts of highly volatile radionuclides (e.g. 131I, 
103Ru and 137Cs) were released into the atmosphere;

•global fallout;

The origin of radioactive contamination of the Baltic Sea 
with anthropogenic radionuclides can be traced to:
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Overview (cont.)
Source 137Cs, TBq 90Sr, TBq 

Global fallout 900 600 

Chernobyl fallout 4700 80 

Fuel reprocessing plants 250 40 

Nuclear power plants 0,6 0,3 

 HELCOM, 1995

In the most affected areas of the Baltic Sea – the Bothnian
Sea and the eastern part of the Gulf of Finland - the highest 
131I and 137Cs concentrations in the surface water were found 
to be 24000 Bq/m3 and 5200 Bq/m3, respectively, during the 
first half of May 1986 (Ilus, 2007).  
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137Cs contours of Baltic Sea surface waters after the Chernobyl 
accident (for the period 1986-1988) as extracted from the
GLOMARD database (H.D.Livingston,  P.P.Povinec, 2000)
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• Contamination due to nuclear weapons tests  after 
explosions in China was observed above the territory of 
Lithuania. 

• The presence of short-lived products (such as 14�Ba+ 
14�La, 95Zr+ 95Nb) was usually registered 7-19 days after 
the explosion and corresponds to the time calculated 
from wind speeds. 

• Fallout of stratospheric products is usually observed in 
spring or summer months in the year following powerful 
explosions.

Global Fallout effect in Lithuania
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Global Fallout effect in Lithuania (cont.)
•Field test in China, autumn 1970

•technological thermonuclear explosions 
in the North Urals, March 1971

Megatonic explosions 
in China, 1973 

Explosions in 
1976

Explosions of a megatonic
device in the atmosphere of 
China on 16 October 1980
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Consequences of the Chernobyl 
accident

• There was a rapid increase of concentrations of the 
radionuclide at the end of April 1986 after the accident in 
the 4th reactor of the Chernobyl NPS. 

• The most important issues during the first days after the 
accident were related to the health hazards caused by 
the release of radioactive iodine, aerosol of various 
activities and ‘‘hot’’ particles into the environment. 

• Approximately one year after the Chernobyl accident the 
main fluctuations in the airborne activity concentrations 
were related to the transport of resuspended particulates 
and aerosols from forest fires.
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Consequences of the Chernobyl 
accident (cont.)
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Activity concentration and ratios of 137Cs, 239,240Pu, 238Pu,  
241Am, in aerosol samples collected during Chernobyl 

accident.
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Two types of fraction distribution of Pu and Am in a erosol particles
“hot particles” of 0.37-22.2 µm and 0.7–2 µm containing the alpha emitting 
radionuclides (233U, 234U, 235U, 238Pu, 239Pu, 240Pu, 241Am, 242Cm, 244Cm)
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The release of plutonium isotopes into the environm ent after 
the Chernobyl accident was insignificant: mean (0.2 24) and 
median (0.204) 240Pu/239Pu ratio values determined in 1995-
2003 were close to those of the global fallout.

Activity concentrations of 238Pu, 239,240Pu and 
241Am in aerosol samples in 1995-2003
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In addition, the exponential decrease in the 240Pu/239Pu ratio down to the 
global fallout value was found. 
Nevertheless, ranges of measured values (from 0.14 to 0.40) indicated that 
plutonium isotopes can derive from various sources.
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Forest fire products in the 
Lithuanian atmosphere

• Large areas of surface of Europe including six mill ion hectares 
of forested land of the Ukraine, Belarus and Russia  were 
polluted with radioactive substances after the Cher nobyl 
accident and still remain as potential sources of r adioactive 
aerosol. 

• Highly contaminated territories of Belarus are loca ted close to 
Lithuania and can contribute to the radiological si tuation in 
Lithuania not only because of resuspension but also as a result 
of transfer of forest burning products. 

• Half of the 30 km Chernobyl zone contaminated by 137Cs, 90Sr 
and Pu isotopes is covered by forest. Two hundred fo rest fires 
having occurred in this zone from 1992 to 1994 resu lted in 
destruction of 2400 - 3900 ha of forest.
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Forest fire products (cont.)

• Activity concentration of 137Cs in the Chernobyl zone in 1992 
before and after these forest fires increased only by a factor of 5; 
nevertheless, the increase in activity concentratio n of 137Cs by 
the factor of 100 during forest fires was found in Vilnius.

• The forested areas most contaminated by radionuclid es are 
situated in the Gomel and Mogilev regions of Belaru s. Transport 
of burning aerosol from the forest and peat bog fir es in Belarus
resulted in an increase in the 137Cs airborne concentrations in 
Vilnius in 1992 and 2002. 
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Transport of forest fire products
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Transport of forest fire products (cont.)
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Nuclear objects

Annual liquid discharges of 137Cs from nuclear power
plants and other nuclear facilities into the Baltic Sea  in 
1984-2006

(HELCOM MORS-PRO, 2007)

Potential sources of radioactive
contamination to the Baltic Sea are 
nuclear facilities:

•nuclear power plants and other 
installations (0.03% of 137Cs and 
0.1% of 90Sr total input);

•fuel reprocessing plants (4% of the
total input of 137Cs into the Baltic
Sea).
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Activity of nuclides in rivers (water and bottom sediments) in 2001-2007

Freshwater outflow
http://aaa.am.lt
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Freshwater outflow (cont.)

0,000140,00012-0-00,000240,0003Sventoji

0,00840,004700,0048000,02710,0223Skirvyte

0,0020,0035--0,00040,00160,00320,0015Akmena

Average2007200620052004200320022001River

Annual fluvial flux of Cs-137 (TBq/year)

0,000760,0008-0,0007-0,00080,00040,0011Sventoji

0,0770,03590,06170,0820,1050,05140,09480,1113Skirvyte

0,0020,0023--0,0020,00120,00140,0030Akmena

Average2007200620052004200320022001River

Annual fluvial flux of Sr-90 (TBq/year)



CEDA-MSI International Seminar on Dredging and the Environment 15 – 16 October 2008-07-31 Tallinn, Estonia

2. Activity of Radionuclides in
the Baltic Sea
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The studied area is characterized by:
1. Horizontal and vertical salinity gradient:
•in surface waters from 0.5 to 7 ‰
•in near bottom waters from 5 to 9 ‰

2. Strong loading by particulate matter:
•in the Curonian Lagoon from 1 to 
100mg/l;
•in the Baltic Near-mouth from 2 to 
30mg/l;
•in the Baltic Sea open waters 1 to 
40mg/l;

The seasonal variations are mostly related 
to plankton blooming periods.

3. The transitional-accumulation zone

4. Complex current regime

5. Intrusions of the Baltic sea water to the 
Curonian Lagoon caused by:
•differences in the water level;
•hydro-meteorological conditions;
•anthropogenic activities.
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Styra, 1988, 2001

The present levels in water

Mean 137Cs concentrations (Bq/m3) in 
the Baltic Sea coastal waters 
(Juodkrante) 
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The present levels in water
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The present levels in water (cont.)

2001 2002 2003 2004 2005 2006
0

10

20

30

40

50

60

70

80

Year

A
ct

iv
ity

 c
on

ce
nt

ra
tio

n,
 B

q/
m

3

 Minimum activity concentration
 Maximum activity concentration
 Average activity concentration

2001 2002 2003 2004 2005 2006
0

2

4

6

8

10

12

14

16

18

20

22

 Year

A
ct

iv
ity

 c
on

ce
nt

ra
tio

n,
 B

q/
m

3

 Minimum AC
 Maximum AC
 Average AC

Cs-137 activity concentration 
values in 2001-2006

Sr-90 activity concentration values in 
2001-2006



CEDA-MSI International Seminar on Dredging and the Environment 15 – 16 October 2008-07-31 Tallinn, Estonia

04
-0

5-
28

05
-0

5-
27

06
-0

8-
25

03
-0

8-
14

03
-0

8-
12

04
-0

5-
29

05
-0

5-
26

06
-0

8-
23

0

10

20

30

40

50

60

70 Station No 65

Station No 7

Station No R7

 Date

A
ct

iv
ity

 c
on

ce
nt

ra
tio

n,
 B

q/
m

3

 surface water
 near bottom water

Comparison of Cs-137 (left) and Sr-90 (right)activity concentration
in surface and near bottom water

20
03

.0
8.

12

20
04

.0
5.

29

20
05

.0
5.

26

20
06

.0
8.

23

20
03

.0
8.

14

20
04

.0
5.

28

20
05

.0
5.

27

20
06

.0
8.

25

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

Station No LT R7

Station No LT 7

Station No LT 65

Date 

A
ct

iv
ity

 c
on

ce
nt

ra
tio

n,
 B

q/
m

3

0

10

20

30

40

50

60

70

80

90

Near bottom waterSurface water
A

ct
iv

ity
 c

on
ce

nt
ra

tio
n,

 B
q/

m
3

 St.4
 St.16
 St.1b
 St.64
 St.6b
 St.46A
 St.7R
 St. 65

AC of 137Cs in surface and near bottom 
water in 1999 and 2003

The present levels in water (cont.)

Variations in the activity concentrations of 137Cs 
observed in 2003 - 2006 probably are due to inflow 
of the North Sea waters in 2003.
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137Cs in suspended matter

Mass activities of particulate 137Cs versus activity concentration in the Baltic Sea 
water. Data of two sampling cruises in May 1999 and October 2001.
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Sedimentation

• As a result of a combination of biological and physical 
processes solid material is transported from the water 
column towards the seafloor. This material forms layers 
which can provide information about the history of the 
water body. (HELCOM, 2007)
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Activity in 
bottom 
sediments

HELCOM, 2007

Total amounts of 137Cs 
(Bq m-2) at different 
sampling stations of 
the Baltic Sea in the 
beginning of the 2000s
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Mass activities of 137Cs in bottom sediments  (Bq/kg) in the Curonian
Lagoon and the Baltic Sea along the Lithuanian coas t (1999-2003)
The Baltic Sea area Data of IP Data of EPA 

 137Cs, Bq/kg Sites, n 137Cs, Bq/kg Sites, n 
Open sea water 4 - 450 19 15 - 95 3 
Near shore water 12 - 102 8 37 - 96 2 
Klaipeda port 8 - 140 13 - - 
Curonian Lagoon 0.4 - 210 15 0 - 208 2 

 

2626Stations, n

33743889Samples, n

4.74.761.641.3Median

5.24.951.754.7Mean

0.9-13.70.4-13.10.4-2082.1-588Activity, Bq/kg

Curonian LagoonBaltic SeaCuronian LagoonBaltic Sea

Sr-90Cs-137

Data of National Radiological Monitoring, 1994-2007
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Activity in bottom sediments (cont.)

Specific activities of Cs-137 in different stations (1994-2007)
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Activity in bottom sediments (cont.)

Specific activities 
of Sr-90 in 
different stations, 
1994 - 2007
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Activity in bottom sediments (cont.)

• There are no significant differences between average
activities of radionuclides in the Baltic Sea and 
Curonian Lagoon.

• The highest detected activity of 137Cs was (588 Bq/kg) 
was detected in sample from station No LT R7 in 2007 
and the highest activity of 90Sr was detected in sample 
from station No LT10 (13.7 Bq/kg) in 1994.

• The lowest activities of Cs-137 are observed near the 
shore in transitional zone. 
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Association of 137Cs with particles of 
various sizes
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Particle size effects
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Effect of clay minerals
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Results of XRD

78-1928 (C) - Muscovite magnesian 1 ITM RG - (K0.80Na0.02Ca0.01)(Al1.66Fe0.06Fe0.02
79-1270 (C) - Clinochlore - (Mg2.96Fe1.55Fe.136Al1.275)(Si2.622Al1.376O10)(OH)8 - Mon
46-1045 (*) - Quartz, syn - SiO2 - Hexagonal
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X-ray diffraction pattern for sediment samples with
different specific activities of 137Cs: black – 450 Bq/kg, 
red – 350 Bq/kg, green – 24 Bq/kg, blue – 4 Bq/kg. 
The characteristic lines of the muskovite are  indicated
by black arrow. The characteristic lines of the clorite
are indicated by blue lines

X-ray diffraction pattern for sediment samples
Spectrum indicating the good coinsidense of
characteristic lines of Muscovite and Alurgite.

Muscovite
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Sorption kinetics studies
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Cs Kd as function of time (data of kinetic tracer experiments performed with bottom 
sediments contained the particles of different sizes (1- 0.2-1µm, 2- 1-4µm, 3-
50µm, 4 - 50-100µm, 5 - 25µm, 6 - 30µm). 
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Results of modelling of sorption kinetics 
of 137Cs to bottom sediments

Exper. 
No. 

Starting  
concentr. 
[M] 

Control 
process 

Kinetic  
coefficient  
[min-1] 

Kd 
[mL/g] 

WSOS 
_DF 

Cs CL 2.3x10-10 ID 6.15x10-5  5.07 
Cs 0.2-1 2.3x10-10 ID 6.21x10-2  1.57 
Cs 1-4 2.3x10-10 ID 9.9x10-2  1.08 
Cs 4-50 2.3x10-10 ID 3.11x10-2  3.43 
Cs 5-100 2.3x10-10 ID 5.12x10-2  2.67 
Cs 5-100 2.3x10-10 GD 5.12x10-2  1.15 
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Sorption kinetics studies (cont.)
• It was found that clay minerals are responsible for 

accumulation and transport of 137Cs in the studied the 
Lithuanian economical zone. Data obtained from kinetic 
tracer experiments and field observations were used to 
study Cs sorption mechanisms in the Baltic water.  

• It has been found that the modelled data best conform to 
the mechanism of ion diffusion through the so called inert 
layer on the surface of the sediment particles. 
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3. Non-radioactive contamination
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Heavy metals and HC 
(K.Joksas, A.Galkus, 1999)

• Main toxic substances that are accumulated in the bottom sediments
of the Klaipeda Port and according to which the soil dredging is
regulated (LAND-46-2002), are heavy metals (Cu, Pb, Zn, Ni, Cd, Cr 
and Hg) and petroleum hydrocarbons (HC).

• Main sourses of organic and inorganic pollutants in the Port of
Klaipeda are:

• Rivers (Nemunas accounts for 95% of river discharge into Curonian
Lagoon)

• Atmospheric precipitation
• Spills
• Operational discharge
• Industrial and domestic waste waters
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The concentrations of heavy metals in the water column of Klaipeda Port
are by 1-2 times higher than in the northern part of Curonian lagoon and
Baltic Sea nearshore.

Average concentration of heavy 
metals in the water

A. GALKUS, K. JOKŠAS, R. STAK� NIEN� . Geology, v. 56. p. 56
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Average concentration of petroleum hydrocarbon 
(HC, mg/kg) and  total organic carbon (TOC, %) in 

silty sand sediments
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The concentrations of TOC and HC are 1.2 and 2.2 times as high in the 
dump site as in the surrounding areas of the Baltic Sea. 

Among the studied heavy metals the greatest comparative values are 
characteristic of nickel (2.3 times as high in the dump site as in the 
surrounding areas) and the smallest – of zinc (1.2 times).

A. GALKUS, K. JOKŠAS, R. STAK� NIEN� . Geology, v. 56. p. 56
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Chemical warfare agents 

• more than 50,000 tons of Chemical warfare agents (CWA) 
containing over 10,000 tones highly active toxicants were dumped in 
the Baltic Sea;

• around 34,000 t of chemical munitions, containing about 12,000 t of 
chemical warfare agents, were dumped east of Bornholm and near 
Gotland in 1947 and 1948, on orders of the Soviet Military 
Administration in Germany (SMAD).

One of the biggest environmental problems in the Ba ltic Sea is 
dumping of CWA after the Second World War:
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Chemical warfare agents (cont.)

Earlier, it was estimated that between 36,000 t and 50,000 t 
of munitions have been dumped east of Bornholm and 
south-east of Gotland (south-west of Liepaja). 
Based on the information currently available, the estimate 
of the quantity of chemical munitions dumped east of 
Bornholm and south-east of Gotland was reduced to 
around 40,000 t. 
Part of the chemical munitions dumpsite in the Gotland 
Basin lies within the Lithuanian economic zone.

HELCOM, 1993. HELCOM CHEMU2/2/l/Rev.l.
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Conditions of the dumped chemical 
munition

• The chemical warfare agents were mainly dumped in 
munitions, mostly in bombs (21%) and shells (68 %) or in 
containers. . 

• The munitions pose a threat only when the warfare agent
inside is released. An unexpected explosion can be
caused by mechanical stress during a recovery
operation, or slowly as the walls of the shells corrode. 

• The condition of the munitions varies since it depends on 
a number of factors: the original wall thickness and the 
nature of the dumping area such as solid ground, where 
munitions lie exposed to the water or mud, where 
munitions lying buried in the sediment are cut off from an 
oxygen supply.
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Behaviour in the environment
• The behaviour of chemical substances in the marine 

environment depends both on the chemical and physico-
chemical properties of the substances and on environmental 
factors and salinity and temperature are the main environmental 
parameters that influence chemical reactions. 

• The solubility of the various chemical warfare agents varies 
from good (tabun) to very poor (Adamsite, viscous mustard gas) 
but poor solubility retards the process of degradation. Warfare 
agents, e.g. Mustard gas, Clark and Adamsite are resistant to 
sea water. 

• All warfare agents react with sea water, but reaction rates can 
vary enormously depending on the chemical structure of the 
different agents. Almost all warfare agents are broken down at 
varying rates into less toxic, water-soluble substances. Some 
compounds, however, show an extremely low solubility and 
slow degradability (viscous mustard gas, Clark I and II, and 
Adamsite). 
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Arsenic in chemical warfare agents

Based on their effects, the chemical warfare agents can be classified 
into

•tear gases (lachrymators): chloroacetophenone (CAP), 
•nose and throat irritants: Clark I, Clark II, Adamsite, 
•lung irritants: phosgene, diphosgene, 
•blister gases (vesicants): sulphur mustard, nitrogen mustard, Lewisite, 
•nerve gases: tabun, and additives, such as monochlorobenzene, are 
made to the warfare agents in order to change their physico-chemical 
properties. 

�������	����
�	�

��

The quantity of As containing chemical compounds is 
approximately 30% of the chemical warfare agents dumped in 

Bornholm and Gotland dumpsites.
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� can be preserved on 
the sea bed; 

� might bioaccumulate
in organisms; 

� expected to spread 
very slowly; 

� cause contamination 
of local sediments. 
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Elevated arsenic concentrations in sediments can indicate 
a leakage of chemicals from the containers.

Lewisite (C2H2AsCl3)
acetylene

+
arsenic acid

Clark I ((C6H5)2AsCl) 

Clark II ((C6H5)2AsCN)

tetra-phenyldiarsine
oxide

Adamsite (NH(C6H4)2AsCl)
phenarsazinic

oxide

As containing chemical warfare
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Expedition to the Baltic

� October, 2002 - scanning of the dumpsite bottom (military ship 
“Kuršis”)

� June, 2003 - CW dumpsite (R/V “V� jas”)

Scientific research vessel “V$jas”

Organized by:
� Ministry of Environment (Center of Marine Research)
� Ministry of National Defence of Lithuania
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Sampling stations

Sampling stations in the Lithuanian economic zone (prefix ChG mark stations from the 
mission in June, 2003)

G. Garnaga, A. Stankevi� ius Environmental research, 
engineering and management, 2005.No.3(33), P.24-31)
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Results: Bacterioplankton
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Arsenic tolerating bacteria were found only at two stations of the 
dumpsite.

The total bacteria quantity and saprophyte bacteria numbers were
typical to the Baltic Sea environment.

G.Garnaga, International conference "Baltic Sea for future 
generations" 27-29 September 2007, Palanga.
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Results: arsenic
As concentrations in the surface sediments in the s outh-eastern Baltic

Garnaga, et al. Environmental Pollution 144 (2006) 855-861
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Investigations of As in sediments (mg kg-1)
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Normalization of results

Correlation between Fe and As in the Baltic Sea sed iment
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� Studied parameters did not show any changes of the 
environment at the chemical munitions dumpsite

� Higher As concentrations were found at the chemical 
munitions dumpsite, compared to other sites. Normalization 
of results to iron showed slightly elevated residual As 
concentrations near the dumpsite. However As 
concentrations were low relative to other investigations 

� Chemical munitions - subject for future investigations

Conclusion

(G.Garnaga, 2006)
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Final Conclusion

• The extensive monitoring of various toxicants has
provided important information about their present
levels and time trends in the Baltic Sea. However, in
integrated studies of aquatic environment affected
by different types toxicants in the Lithuanian waters
of the Baltic Sea have not ever been carried out.

• An investigation of synergetic toxic pollution effects
causing multistress impacts on ecology of the Baltic
Sea is required for assessment and prediction of
common effect of human activities in the region.
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Part of presented data were obtained during research performed under 
the auspices of IAEA under project „Assessment of radionuclide 
migration in the Lithuanian part of the Baltic Sea environment”
(LIT/2/007), 1999 – 2002, and the Lithuanian State Science and 
Studies Foundation project No C-19/2003.

We are grateful to Mrs. Galina Garnaga (Marine Research Centre) and 
Dr. Kestutis Joksas (Institute of Geology and Geography) for their 
contribution to this presentation on non-radioactive contamination part.
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