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 The Project “Nuclear Problems, Risk 
Perceptions of, and Societal Responses to, 
Nuclear Waste in the Barents Region”
- an Acknowledgement

Since the late eighties, CERUM has developed research with a focus on
the shaping of and development within the Barents Region. Two spe-
cific features have characterised this research. First of all our ambition
has been to develop research projects in close collaboration with inter-
national and especially Russian researchers. This has materialised as an
exchange of researchers at conferences both in Sweden and in Russia.
Secondly, our view has been that the Barents region must be analysed
by researchers that represent a broad set of competences. Especially our
ambition is to develop a deeper and more integrated collaboration
between researchers from social sciences and arts on one hand and nat-
ural sciences on the other.

With the Swedish Board for Civil Emergency Preparedness (ÖCB)
as the main finacier, CERUM has for a couple of years developed re-
search within the project “Nuclear Problems, Risks Perceptions of, and
Social Responses to, Nuclear Waste in the Barents Region”.

This report is produced within the aforementioned project. The
project deals with vulnerability as a response to the latent security ques-
tions associated with the existence of nuclear power and nuclear waste
in the Barents region. Clearly there is within the project a large scoop
for an analysis with its roots in natural sciences of the size and disper-
sion of various types of waste from the region. The project also has pro-
duced a set of such papers. Those papers raise questions that immedi-
ately lead to other papers and a discussion with its roots in social sci-
ences, of civil emergency preparedness in a broad and spatially delim-
ited sense as well as a discussion of the need for an enlarged concept of
safety. The pattern of spatial risk dispersion, which in this case not halts
at the national borders, and the associated construction of governance
in the Barents region also imply that trans-border negotiation, conflict,
and cooperation become key words in the discourse.

Gösta Weissglas Lars Westin
Project leader Director of CERUM
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 Introduction

The Kola Peninsula in northwest Russia is a 100,000 km2 area of tun-
dra, forest and low mountains between the White Sea and the Barents
Sea. One million people reside on the Kola peninsula of northwest
Russia. Murmansk, located on the shore of the Kola Bay, has a popula-
tion of 500,000 and is the primary city in the region. It’s proximity to
the Atlantic Ocean and ice-free harbors year-round, made it a suitable
location to build Russian military bases after the Second World War.
During the Cold War, development and construction of nuclear sub-
marines and various missile systems received high priority. Today there
are a number of naval bases and shipyards situated in the inlets and
small bays of Motovsky and Kola Bays (Figure 1). As a result, the
region now has the highest concentration of nuclear reactors, active
and derelict, in the world (Yablakov et al., 1993). In addition to mili-
tary installations, a civilian nuclear icebreaker base Atomflot is located
in Kola Bay.

A civilian nuclear icebreaker base, RTP “ATOMFLOT” is located in
Kola Bay and operates a nuclear waste treatment facility at the site.
Since 1989, liquid radioactive wastes from civilian and military sources
have been processed at this facility. Purified waste streams containing
low level radioactivity are discharged directly into the Kola Bay. The
discharges contain low levels of some of the following radionuclides:
137Cs,134Cs, 90Sr, 54Mn, 60Co, 58Co, 144Ce, 125Sb, 95Zr, 95Nb, 106Ru, 103Ru,
154Eu, 152Eu.

Naval bases and shipyards of the Russian military are also situated
nearby in the inlets and small bays of Motovsky and Kola Bays. Solid
and liquid waste inventories at Northern Fleet military installations are
estimated at 1,100 Ci (40.7 x 1012 Bq) (Bradley et al.,1996). Radioac-
tive material, estimated for the 131 military+civilian nuclear reactors in
the region contains 2.2 x 1018 Bq total 137Cs+90Sr (Strand et al.; 1997).
With growing concern over the amount of radioactive waste being
stored in the Kola peninsula, a project was initiated to modify the facil-
ity and increase the waste processing capability by a factor of 10 from
its current rate of 500 m3 annually.

Over the years, the operation of Russia’s nuclear powered maritime
fleet and discharges of processed nuclear waste at Atomflot have re-
sulted in intentional and unintentional discharges of radionuclides into
the marine environment. Investigations in the northern seas adjacent
adjacent to the Kola peninsula have previously indicated that radiolog-
ical doses related to the consumption of seafood from these areas are re-
lated to well-known sources e.g. nuclear weapons testing, nuclear re-
processing discharges and the Chernobyl accident low (ANWAP, 1997;
Osvath et al., 1997; JNRG, 1996). Questions on the amount of con-
tamination existing in the bays and inlets of the Kola peninsula have re-
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mained largely unanswered because access to the region has not been
possible. Recently, Matishov et al. (in press) published levels of radio-
nuclides in surface sediment deposits from this region.

Radioactive waste was discharged to the sea early in the development
of the region as a major nuclear port. The ratification of the 1972 Con-
vention on the Prevention of Marine Pollution by Dumping of Wastes
and Other Matter prevented further releases to the sea (Sjoeblom and
Linsley, 1995). All liquid and solid nuclear wastes generated at the port
were subsequently stored on land. Over the years, these activities are
likely to have, resulted in unintentional discharges of radionuclides into
the surrounding land, air and sea.

The primary sources of radioactivity in Arctic waters are discharges
from European reprocessing plants, global fallout from weapons testing
in the 1950’s and 1960’s, run-off from major Siberian river catchments,
Chernobyl fallout, and fallout from underwater nuclear tests con-
ducted at Novaya Zemlya (Aarkrog, 1994). Among these sources, dis-
charges from the European reprocessing plants are the primary source
for 137Cs (Kershaw and Baxter, 1995). The most important source of
239,240Pu is global fallout. 60Co is not widely present in except in close
proximity to release areas, such as the underwater nuclear test site at
Novaya Zemlya (Smith et al., 1995). Investigations in seas adjacent to
the Kola region (e.g. Barents, Kara, Pechora and White) have not
shown radioactivity levels that could not be explained by these well-
known sources of radioactivity (Smith et al., 1995, Strand et al., 1994;
Hamilton et al., 1994).

Until now, information on the levels of waste-related radionuclides
in the environment within close proximity to the military and civilian
installations of Kola and Motovsky Bays has not been available. In
1996, a monitoring program was conducted in order to assess the cur-
rent environmental situation (Matishov, 1997). The purpose of the
monitoring program was to identify the presence of antropogenic radi-
onuclides in the marine environment and to assess concentrations in
various environmental compartments. Sediment samples were collected
and analyzed for the radionuclides, 137Cs (Cs), 239,240Pu (Pu) and 60Co
(Co). Principle areas of investigation were in the small inlets, Big
Motka, Kutovaya, Titovka, Western, Litsa, Ara and Ura in Motovsky
Bay and Saida, Olenya, Pala, and Ekaterininskaya in Kola Bay (Figure
1).

The present investigation is a second look at the current situation in
this region of intense international interest. We characterize and quan-
tify one of the radiological risk factors related to the presence of antro-
pogenic radionuclides in the marine environment. Our main focus is
the prediction of doses to humans consuming fish harvested from the
Kola Bay. Although fish harvesting is not a major commercial enter-
prise in this area, dose estimates based on fish consumption provide a
useful benchmark for comparing doses from various sources of radioac-
tive contamination. In addition we present new data on 137Cs levels in
water and seaweeds collected from the region. Still, only limited data
exists for the area. More detailed assessments must await further im-
provements in political, economic and social conditions in Russia.
Namjatov Aleksey 9



 Physical-geographical and hydrological 
characteristics of the coastal waters 

«As for the geomorphologic classification the area of the Murmansk
coast from Finnmarken till the Kola bay is referred to the type with the
fjord dissection of the coast” (Kaplin, 1962, Coasts…, 1991). The
meaning of the physical- geographical characteristics is very wide, thus,
in this paper only these which are either used subsequently or add to
the presented in it materials of investigations are given. That is why for
the creation of the box model we need real values of the morphometric
and dynamic characteristics. For the estimation of the power of the
effective doses along the chain water- fish- man in this paper the defi-
nite values of abundance of different fish species are not used, a small
part describing the fish-fauna of the is presented.

 The Kola bay

The Kola bay is located in the north of the Kola Peninsula projecting
into the continent up to 60 km approximately. As for the origin the
coasts’ configurations, relief of sea bottom and hydrological regime the
bay is a typical polar fjord (Oceanology…, 1973).

 Morphometry

In accordance with the peculiarities of morphometics the bay area is
usually divided into three parts: the southern part, the middle part and
the northern part. For the boundary of the northern part from the side
of the sea the line connecting the northern edge of the Toros Island -
cap Las is taken. The boundary between the northern and the middle
part of the bay cap Las- cap Chirkovy, that between the middle and the
southern part is cap Mishukov -cap Pinagory. For the southern bound-
ary the place of falling of the Tuloma river is taken (Dzhenyuk, 1997).
The formation of the both: the Barents sea and the current outlook of
the bay has finished recently- about 10 thousand years ago. During
maximal development of the Würm Glaciation (18–20 thousand years
ago) the Kola Peninsula and the Barents sea were covered with the
inland ice with the thickness 300–700 m and the shelves glaciers (Mat-
ishov, 1987). In the current epoch changes take place due to the natu-
ral conditions- the isostatic elevation of the land and the re-formation
of the bottom sediments under the joint action of the tides of the river-
runoff and waving and due to the anthropogenic factors- construction
10 Physical-geographical and hydrological characteristics of the coastal waters



of the harbour structures, dredging works etc. (Dzhenyuk, 1997). In
this paper for the development of the models it is necessary to have
quantitative values of he morphometric characteristics. These values
according to the data of the paper (by Dzhenyuk, 1997) are presented
in table 1. The depth of the bay decreases gradually from the southern
part up to the northern. This gradual decrease is broken by the thresh-
old (with minimal depth up to 104 meters) opposite the Saida inlet.
From the northern part of the threshold the depth is 300 meters (max-
imum 321 meter).

 Geological environment

The Kola bay is a typical fjord of the tectonic- erosion- glacial origin
(Coasts…,1991). The bay is a combination of the three ridge- like
structures: two sub- meridian and one sub- sub-latitudinal. And the
two different transitions between the structures are observed: the sharp
one from the southern till the middle and the gradual one from the
middle till the northern. The thickness and especially the substances
composition of the bottom sediments depend upon the many parame-
ters: hydrodynamic regime, depth, climate, neo-tectonic shifts etc. At
the moment the anthropogenic impact and especially in the places of
the Navy bases is sufficiently strong (Mityaev,…1997).

The last investigations of bottom sediments carried out in the Kola
bay are the investigations of MMBI during expeditions in 1996–1997
(Mityaev…, 1997).

The southern part of the bay. Maximal depth on the axial part does
not exceed 40m. In the bottom sediments the two layers are observed-
the first -with the thickness from the first millimeters up to 2 cm- the
oxidized layer (of the brown colours). As for its lithology this is either
small-aleurite silt or silty sand with a large amount of rubbish, the
gravel- pebble material is also present. Lower there observed the sedi-
ments consisting of the heterogenous material from the particles of the
mud till the coarse sand with the gravel-sand inclusions. The fragments
of shells and bottom organism are constantly met there.

Part of the bay Length, 
km

Average 
depth, m

Average 
breadth, 
km

Area of the 
water plane 
in the low/
high 
waters, km2

Volume of 
water at 
the low/
high 
waters, 
km2

Northern part 18 151 3.34 107.3/
113.3

8.4/ 9.0

Middle part 23 70 2.44 57.8/ 63.5 4.3/ 4.4

Southern part 18 12 1.08 20.2/ 26.1 027./0.33

Total on the bay 59 185.3/
203.1

12.97/
13.73

Table 1 Morphometry characteristics of the Kola Bay.
Namjatov Aleksey 11



The middle part. Maximal depth reaches 170–180 meters on the ax-
ial part. In the bottom sediments the two layers are constantly present:
the upper one the thickness of which is 1–2cm, and the lower one- up
to the 40 cm. The first layer is presented by the small- aleurite silts, it is
greatly inundated, humidity exceeds 50%. The lower layer as for its li-
thology changes for the clay up to sand in the inclusions of the frag-
ments of the mollusks’ shells.

The northern part. Maximal depth on the axial part reaches 317 me-
ters. This area on its greater part is less subjected to the anthropogenic
impact, though it can’t be said on the Saida and the Olenya inlets. In
this area on a very small stretch the change of shallow- water sediments
into the sediments of deep-water shelf takes place. The shallow-water
zones are presented by the coarse sediments from the gravel till the
aleurite-sandy with a gradual decrease of the medial diameter with the
depth. The sediments in the deep-water part as well as in the other parts
are presented by the two layers. The first oxidized layer of 1–3cm thick-
ness consists of inundated small-aleurite silt with a small amount of the
gravel- pebble material and fragments of the mollusks’ shells. The lower
layer is presented by the muddy sediments with a small contents of the
aleurite sand and the pebbles. Interesting sections of the bottom sedi-
ments have been registered in the Saida and the Olenya bays. First these
were semi-closed bays (inlets) with a typical coastal sediments and an
abundant fauna, which is confirmed by the great amount of the frag-
ments of the mollusks’ shells. Then the sediments changed into the very
thin ones consisting mainly of the wastes of oil products (Mityaev…,
1997).

 Dynamics of waters

As all other bays with a sufficient amount of the river run-off the Kola
bay has a system of quasi-stationary circulation on which tidal cur-
rents, windy inshore-offshore vertical shifts of water masses due to the
convective mixing etc. are put over.

The scheme of the quasi-stationary circulation of the southern part of
the Kola bay is discussed in the paper (Potanin, Larin, 1989) and this is
concluded as follows: a water flow from the rivers the Tuloma and the
Kola enters into the top of the Kola bay, this flow mixing with the sea
waters forms the flow of the mixed waters in the surface layer 0–5m
with the direction to the outlet from the bay. The velocity of the quasi-
constant current in the flow in the southern part of the bay is from
5cm/sec at the layer 5m till 20cm/ sec on the surface. In the near- bot-
tom layer the compensation current of the inverse direction, the veloc-
ity of which is up to 5 cm/sec is formed (Dzhenjuk et al.,1997). The
compensation flow lifting along the bottom relief in its movement from
the north to the south mixes with the surface flow and is involved by it
into the movement from the south to the north.

The river run-off. The area of the drainage system of the rivers in the
Kola Peninsula is 27.7 thousand km2. Among the rivers flowing into
the Kola bay the Kola, the Tuloma, the Saida, the Belokamenka, the
12 Physical-geographical and hydrological characteristics of the coastal waters



Kulonga, the Lavna, the Rosta, the dirty Vaenga, the Srednyaya, the
Malaya and the Bolshaya Tyuva should be mentioned. The run-off of
the rivers the Kola and the Tuloma flowing into the top of the Kola bay
before the regulation of the Tuloma river constituted 87.5% (Elshin,
1967) from the total river run-off and after the regulation the run-off of
these rivers increased up to 95% (Gagarina et al.,1997). During the in-
vestigation period -1936–1965 (Elshin, 1967) minimal annual run-off
(5.7 km3) was observed in 1960, maximal- (12.4 km3) – in 1949. The
mean annual run-off is 9.09 km3 per year (Gagarina et al.,1997). Dur-
ing the year minimal mean monthly values of the run-off constitute
0.03 km3 per month (February and March) for the Kola and 0.50 km3

per month (February) for the Tuloma. Maximal mean monthly values
constitute 0.41 km3 (April) and 0.88 km3 per month (June), respec-
tively.

Tidal currents (Dzhenjuk, Korotkov, Savelieva, 1997) have reversive
semi-diurnal character: at the high waters they are directed along the
axis of the bay to the top, at the low waters -to the reverse direction.
They envelop the whole water masses in the bay, velocities decrease
from the surface layer to the near bottom and are subjected to the sig-
nificant spatial variability depending on the area of the cross- section.
In the northern part the velocity of surface current varies in the range
10–25 cm/sec at the high waters and up to 50 cm/ sec at the low waters.
In the middle part the range of variability is 10–35 cm/sec at the high
waters and 20–75 cm/sec at the low waters. In the southern part the ve-
locities of tidal currents reach maximum 25–50 cm/sec at the high wa-
ters and 50–120 cm/ sec at the low waters (to the north of Murmansk)
and in the top of the bay -50–100 and 57–150 cm/sec, correspondingly
at the top of the bay. The influence of the run-off component becomes
insignificant, thus, the currents velocities at the both high and low wa-
ters become practically identical. On the layer 10m in the southern and
in the middle parts the summary currents do not exceed 25 cm /sec and
15 cm/sec -in the northern. On the near-bottom layer in the middle
part velocities are 5–10 cm/sec and that in the northern part do not ex-
ceed 5 cm/sec.

The windy current is estimated by the simplified empirical method.
At the wind directed along the axis of the bay, at its velocity 10m/sec
(which corresponds to the mean monthly values for the most stormy
period from December till February) the greatest velocities of the drift
current up to 20 cm/ sec might be observed in the northern part of the
bay, velocities in the range 10–15 cm/ sec are typical of the middle part
and those not exceeding 5 cm/ sec are estimated in the southern part.
Theoretical angle of deflection of the drift current from the wind is 45°
to the right, but as in the summary vector the periodic component pre-
vails, this deflection can hardly be revealed by the nature data
(Dzhenyuk, Korotkov, Savelieva, 1997). Considering all mentioned
above it is possible to estimate approximately the summary currents in
the bay. When the syzygy current coincides and the wind of the off-
shore direction is very strong (the south and the south west direction)
the short- time increase of the summary current up to 200 cm/sec in
the top of the bay, up to 125 cm/sec in the area of the Murmansk Har-
Namjatov Aleksey 13



bour and up to 100 cm/ sec at the beginning of the middle part of the
bay. Further in the north direction maximal velocities of the summary
current do not exceed 50 cm/sec. The windy current. Instrumental ob-
servations of the heave of the sea on the bay’s area are nor numerous.
For the characteristics of the sea way let’s turn to the paper by
(Dzhenyuk, Korotkov, Savelieva, 1997) where for the characteristics of
the sea way the calculated values, carried out according to the method
developed in the State Oceanological Institute Soyuzmorniiproject
(Manual…, 1969). The results of the regime calculations testify to the
increase of the intensity of the stormy sea way from the top till its north
boundary. Applying the climate wind characteristics it is possible to
judge on the seasonal variability of the waves’ conditions. In summer
the repeat of the winds of the north direction but the average winds’ ve-
locities at that are not great, thus, in the northern part during the whole
year the significant repeat of the waves’ tops 1–2 meters is preserved
and the possibility of the heavy sea (3–5 meters) from winter till sum-
mer are greatly limited. In the average the wave -up of the northern are
limited, thus, in summer the conditions close to the calm prevail here,
and as for the appearance of the waves’ tops exceeding 1 meter is possi-
ble only in the winter months (Dzhenyuk, Korotkov, Savelieva, 1997).

Hovering stability. The stability of the waters is a characteristic of the
conditions of the vertical balance of the layers at sea which depends on
the salt and thermal regime of the waters. The calculations of the values
of the hovered stability were carried out in the Murmansk branch of the
Institute of the Arctic and Antarctic (Hydrometeorological condi-
tions…, 1992). From the top of the bay to its northern boundary to-
gether with the decrease of the vertical gradients of the salinity (in con-
nection with the greater mixing of the surface freshened water mass) the
values of the hovered stability decrease, too. In the southern part, where
the influence of the lighter brackish waters is traced up to the depth
10m maximal values of hovered stability in the layer 0-bottom are ob-
served in June, in the layer 0–5 meters- in September- in the period of
the autumnal rainy flood as in the bottom waters the seasonal water
cooling has already begun. In the autumnal- winter period minimal val-
ues of stability have a negative meaning which testifies to the possibility
of the vertical convection. In the middle part the peak of the hovered
stability up to the 50 meters depth is noticed in June, in the deeper lay-
ers -in September. In the northern part the analogous situation is ob-
served up to the layer 25 meters, further up to the depth 200 meters the
peak is observed in September and deeper than 200 meters – later.

 Hydrophysical conditions

In this chapter the water masses typical of the Kola Peninsula and the
correspondent values of temperature and salinity will be discussed. The
first hydrological observations in the Kola bay were conducted 100
years ago by N. M. Knipovich and L.L. Breitfus, and the first station is
dated as May 22/1898 (Dzhenyuk, Savelieva, 1997). Subsequently,
several organizations carried out numerous observations which allowed
14 Physical-geographical and hydrological characteristics of the coastal waters



to judge on the temporal-spatial variability of the hydrophysical
parameters. The last hydrological observations were carried out by the
Murmansk Marine Biological Institute in 1995–1997. The two types
of sea waters are distinguished in oceanology: these are saline and
brackish waters. The criterion for the division is a salinity value
24.7‰ at which the temperature of freezing coincides with the tem-
perature of the greatest density. This division is not always convenient
as isohaline 24.7‰ does not always point out the conditions of the
water masses formation. Let’s discuss the water masses of the Kola bay
depending on the conditions of their formation. As it was shown above
the Kola bay is a place of the interaction of the two water masses- the
river run-off which up to 95% entering the top of the bay together
with the rivers Tuloma and the Kola and a compensation flow entering
for the Barents sea.

The surface re-freshened water. The river run-off during the process of
movement along the bay and mixing with the sea water forms a surface
re-freshened layer or the re-freshened water masses. On the vertical sec-
tions of temperature and salinity constructed along the bay’s axis the
given water mass is well traced by the considerable gradient of temper-
ature and salinity along the whole length of the bay (fig.1). Let’s take as
the example the results of carried out hydrological stations by the
MMBI expedition in May- June 1996. In the south area of the south-
ern part of the Kola bay the low boundary of the water mass was no-
ticed on the isotherm 2.2 °C and isohaline 25‰ (layer 5–10m) and
further to the boundary with the middle part salinity at the low bound-
ary was 32–33‰. Moving to the north and mixing of fresh waters with
sea waters in the middle and in the northern parts this water mass was
distributed up to the layer 20m, its salinity on the low boundary was
34.1‰ for the middle part and 34.2‰ for the northern part of the
bay. On the surface salinity changed from 10–26‰.

Near- bottom sea water mass. At the mouth of the Kola bay the
Coastal branch of the Nordcap current transports weakly transformed
Atlantic waters along the coasts of the Kola Peninsula, salinity of which
during the whole year is in the range 34.0–34.5‰. For different esti-
mations of water masses salinity of which is 34.0‰ might be taken as a
boundary of salinity (Dzhenyuk, Savelieva, 1997).Thus, at the MMBI
expedition (June 1996) at the mouth of the Kola bay salinity of this wa-
ter mass was about 34.4‰. In the northern part at the northern part of
the bay already at layer 20m and down to the bottom non- transformed
water mass of the Coastal branch of the Nordcap current with salinity
34.2–34.4‰ and temperature 2.5–1.7°‰ C. Moving to the south on
the bay as a compensation flow practically non- transformed water
mass is observed only in the near bottom layer. Thus, on the vertical
profiles of temperature and salinity constructed for the station located
in the middle of the northern part of the bay on layer 250 m a well-
marked point of fracture is observed which points out to the presence
in the near- bottom layer of the water mass with salinity 34.4‰ and
temperature 1.5–1.7 °C. Moving to the middle part of the bay this wa-
ter mass re-freshens a little and lifts to the upper layers. In the southern
part of the bay this water mass re-freshens till 34.2‰ and lifting along
Namjatov Aleksey 15



the relief as was shown above is involved into the inverse movement by
the re-freshened water flow, and the extreme southern station carried
out by us salinity was only 26‰.

Intermediate water mass. From the description of the surface water
mass and near bottom sea water mass it follows that the intermediate
water mass is located between them, according to the results of the ob-
servations presented (fig. 5–8) in the southern part of the bay (in that
very part where the observations were carried out) its salinity was 32.7–
34.0‰ and it was spread in the layer approximately 10–30 meters. In
the middle part of the bay its salinity was 34.1–34.3‰ and its location
changed from 20–40 meters at the mouth of the bay up to 20–180 me-
ters in the middle of the area and till 20–75 meters at the boundary
with the middle part of the bay.

Seasonal changes of temperature and salinity. In the Kola bay the an-
nual cycle of the temperature is expressed greater than in the open sea.

Figure 1 Distribution of the temperature and salinity in the section along the Kola Bay.
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The annual minimum is observed in March when the water tempera-
ture in the surface layer lowers till 0.5 °C in the southern part and till
1°C in the northern part (Dzhenyuk, Savelieva, 1997). By July the tem-
perature in the surface layer rises till 11°C in the southern part and till
10°C in the northern part. The temperature rise is retarded with the
depth. Thus, in the layer 50 meter the annual maximum is achieved in
September- October and in the layer 200 meters- in November. From
October till March the inversion of temperature is typical of the bay ans
especially for the layer 0–10 meters (Dzhenyuk, Savelieva, 1997). As
for salinity in the layer 0–50 meters the its values are subjected to the
considerable changes. The greatest re-freshening is noticed in the
southern part of the bay. Decrease of salinity is traced on all the layers
and in the surface layer maximal re-freshening till 3–4 ‰ can be
achieved in the period June- October. For the winter and spring
months in this part of the bay the values 20–25‰ are typical. On the
layer 5 meters relatively high salinity (28–32‰) is observed during the
whole year, though in June- August in lowers till 15–20‰. In the mid-
dle and in the northern parts of the bay salinity in the layer 10–25 me-
ters in the winter- spring period remains close to 34‰, but in summer
it lowers till 32‰ not more. In the near bottom layer in the waters sea-
sonal changes are very insignificant (Dzhenyuk, Savelieva, 1997).

 Fish-Fauna of the Kola Bay

Species composition of the Barents sea and Nordic seas as a whole is
studied relatively well at the moment (Andriyashev, 1954; Andriya-
shev, Chernova, 1994). But at the same time the fish- fauna investiga-
tions of local areas (inlets, bays, fjords) were carried out more seldom.
On the Murmansk coast of the Barents sea the only large bay where
episodic non -purposive observations of the species composition were
conducted is the Kola bay. The first data on the fish- fauna of the Kola
bay appeared in the book “The description of the Kola and Astrakhan”
(Ozeretskovsky, 1804. Cit. On Deryugin, 1915) where there presented
the data on the fact that the sharks, the skates, the plaices, the father-
lashers, the herring, the lump-suckers, the cod, the halibut, the
salmon, the cat-fish were observed. After a long break at the end of the
19 century the Murmansk scientific and fishery expedition was organ-
ized in 1898–1908 in the annual reports of which the data on several
fish species caught in different parts of the Kola bay might be found.
The list of fish species pointed out in the book by N. Ozeretskovsky
was greatly enlarged. On the basis of the above stated materials and
using the own collections in the Kola bay K. Deryugin (1915) in the
book “Fauna of the Kola bay and conditions of its existence” presented
an annotated list of the fish fauna in accordance with the scientific
nomenclature of that time. Besides, the short characteristic of the area
of separate fish species and the places of the catch of these fish species
presented in this list in the Kola bay were also given. For the investiga-
tions of the Kola bay fish- fauna the ordinary otter-trawl, Sigsby trawl,
Tobistrawl, drift-nets, anglers, seine nets which were thrown both near
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the biological station and near the Ekaterininsky Island from the side
of the Kola bay. Several species (eel-pout, rock- gunnel) either were
caught on the littoral during the low water or found (sharpchin barra-
cudina, king- of herring). Presented in table N list of fish species of the
Kola bay is constructed on the basis of the reference data which we
found and in accordance with the current classification and terminol-
ogy (Andriyashev, Chernova, 1994). 50 fish species belonging to the
25 families are found in the Kola bay. The most numerous are the fam-
ilies of Gadidae, Pleuronectidae, Myoxocephalidae (up to 6 species).
The distribution of fishes inside the Kola bay was not practically stud-
ied, thus, the fish species composition was compiled on the basis of
separate catches of them.

Somniosus microcephalus Bloch et Schneider, 1809 Greenland polar
shark. This fish was caught repeatedly in the central deep-water part of
the Kola bay (near the Tyuva bay) at depths 250–311 meters. One spec-
imen was caught with the seals’ nets between the Oleny and the Ekat-
erininsky islands. The lengths of the measures specimens was 3,0–4,5
meters.

Raja radiata Donovav, 1808 Starry skate. A typical enough species for
the Kola bay. Two places where it spawned eggs are observed. One of
them is from the eastern part of the Salny Island the other- between the
islands Bolshoy Oleny and the Sedlovaty

Anguilla anguilla anguilla Linnaeus 1758 European common eel. It is
caught in the part of the bay (near the berths of the fishing port). Its
length was 99,4cm, and its weight was 1,75 kg (Konstantinov, Sorokin,
1960).

Clupea harengus  Linnaeus, 1758 Atlantic herring. Enters the Kola bay
in summer months, sometimes in great amounts (in the periods of high
abundance). The young was observed up to the Kulonga inlet.

Mallotus villosus villosus Muller 1776 Capelin. In summer it enters
the Kola bay. Numerously it was caught on the sandy shallow- water ar-
eas of the north- western edge of the Tralovaya Yama and near the town
of Kola.

Onchorynchus gorbuscha Walbaum 1792 Humpback salmon. It is ac-
climatized in the Barents sea basin in 1956. Since that time it has been
caught in the Kola bay during the spawning migrations in the near-
mouth areas of the Kola and the Tuloma rivers.

Salmo salar Linneus 1758 Atlantic salmon. It regularly enters the Kola
bay during the spawning migrations. Earlier it was relatively often in
the Saida, the Vaenga, the Srednyaya inlets. At the moment the salmon
is caught only in the rivers.

Salmo trutta Linnaeus, 1758 Sea (brown) trout. It enters the Kola bay
during the spawning migrations. Numerously it was caught in different
areas of the bay (the Tyuva- inlet, the Srednyaya inlet, near the Sedlo-
vaty island, estuaries of the Kola and the Tuloma).
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Salvelinis alpinus Linnaeus 1758 Arctic char. Several catches in the
northern part of the Kola bay is noticed.

Paralepis coregonoides borealis Reinhardt, 1837 Sharpchin barracu-
dina. The only specimen is found in the Ekaterinenskaya harbour on
the littoral.

Boreogadus saida Lepechin 1774 Polar cod. It seldom enters the Kola
bay only during the periods of cooling.

Eleginus navaga Pallas 1814 Atlantic navaga. In the Kola bay it is
caught near the southern coast of the Ekaterinensky island.

Cadus morhua morhua Linnaeus 1758 Atlantic cod. The young is dis-
tributed in the Kola bay.

Melanogrammus aeglifinus Linnaeus 1758 Haddock. The adult speci-
mens enter the Kola bay regularly. Several specimens were caught in the
Ekaterinenskaya harbour. The young is distributed farther to the south.

Merlangus merlangus Linnaeus 1758 Whiting. It enters seldom in the
Kola bay.

Pollachius virens Linnaeus 1758 Pollack. It is not numerous in the
Kola bay but sometimes enters in great amounts in the bay. The young
is observed more often.

Brosme brosme Ascanius 1772 Cusk. Earlier it was observed in the
Kola bay relatively often and up to 10 fishes were caught per one setting
of the cod long lines.

Trachipterus arcticus Brunnich 1771 King of the herring, the blunt-
nose. One specimen was found during the low water on the littoral in
the narrowest part between the Ekaterinensky island and the continent.

Gasterosteus aculeutus Linnaeus 1758 Three spine stickleback. The
cases when this species was caught were registered in the Olenya inlet,
in the Ekaterinenskaya harbour, in the centre of the northern part of
the Kola bay.

Sebastes marinus Linnaeus 1758 Atlantic red-fish. In the Kola bay
only the young (sometimes in great amounts) were observed in the Kola
bay (the Ekaterinenskaya harbour, the Pala inlet, near the Sedovlaty is-
land, the Kola bay).

Artediellus atlanticus atlanticus Jordan et Evermann 1898 Atlantic
hook-eared sculpin. In the Kola bay it is a usual and a numerous spe-
cies. The species is sluggish and is usually registered at the silty grounds.
The young (22–24mm) was found only in the Pala inlet.

Gymnocanthus tricuspis Reinhardt 1831 Arctic staghorn sculpin. In
the Kola bay it was found in the Ekaterinenskaya harbour near the Dor-
vyanoy, the Lagerny capes and in the most south area of the southern
part of the bay, near the town of Kola in the extremely re-freshened wa-
ters. The young (19–25mm) was found only in the Pala inlet.
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Icelus bicornis Reinhardt, 1840 Two-horned sculpin. The species is
usual in the Kola bay and in the Pala inlet.

Myoxocephalus scorpinus scorpinus Linnaeus 1758 Bullhead sculpin.
A usual species in the Kola bay and is observed till the mouth of the Tu-
loma river.

Taurulus bubalis Eupharesen 1768 Long-spined sea scorpion the spe-
cies is observed seldom in the Kola bay.

Triglopsis quadricornis polaris Sabine 1824 Four horned sculpin. It is
observed relatively often in the Kola bay up to the mouth of the Tuloma
river.

Triglops pingeli Reinhardt 1831 Ribbed sculpin. It is caught relatively
often in the waters of the northern part of the Kola bay.

Cottunculus microps Collett 1875 Polar sculpin. Only one specimen is
caught in the Kola bay.

Leptogonus decagonus Schneider 1801 Atlantic sea- poacher. The spe-
cies is usual in the Kola bay at depths 50–300 meters. It prefers silty
grounds. The young (13–16mm) was caught in the pelagial between
the islands -the Salny and the B. Oleny.

Cyclopterus lumpus Linnaeus 1758 Lumpsucker. The species has been
repeatedly caught in the Kola bay in the Volokovoy inlet, the gulf be-
tween the islands the Ekaterinensky and the Oleny, in the Pala inlet,
near the Brandwacht island.

Careproctus dubius Zygmayer 1911 Rough snail-fish is registered in
the Kola bay on large depths on the silty grounds.

Liparis liparis Linnaeus 1758 Common sea snail. It registered ex-
tremely seldom in the Kola bay. One specimen is caught in the Ekat-
erienskaya harbour.

Lycenchelys sarsii Collett 1871 Sars’ wolf eel. Several specimens were
caught in the Kola bay on the traverse of the Sredny Oleny island on
the depth 280–310 meters.

Lycodes vahlii gracillis Sars 1867 Eel-pout. In the Kola bay it is found
only at the entrance to the Olenya inlet. One specimen was 20,5 cm
length.

Zoarces viviparus Linnaeus 1758 European ocean pout. Quite proba-
bly that it is a regular species inhabiting the Kola bay but its distribu-
tion is unknown. Several specimens were caught in the Ekaterinenskaya
harbour and near the east coast of the Ekaterinensky island.

Chirolophis ascanii Walbaum 1792 Atlantic warbonnet, the Yarrell’ s
blenny. Only one specimen 55 mm length was caught in the Kola bay.

Leptoclinus maculatus maculatus Fries, 1837 Daubed shanny. Several
specimens were caught in the Ekaterinenskaya harbour.

Lumpenus fabricii Valenciennes 1836 Snake fish. The cases when this
species was caught near the south entrance to the Ekaterinenskaya har-
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bour are known. The young (8.5–18 mm) was caught in the pelagial
between the Salny and the B Oleny islands.

Lumpenus lamptiformis lamptiformis Walbaum 1792 Eel-blenny.
Only two specimens are caught in the Kola bay (the Tralovaya Yama).

Pholis gunnelis Linneaus 1758 Butter- fish, (nine eyes, rock fish). A
usual species in the Kola bay, numerous catches are known only in the
Ekaterinenskaya harbour and in the gulf between the Ekaterinensky
and Oleny islands.

Anarhchas lupus lupus Linneaus 1758Common catfish (the Atlantic
wolfish). The distribution in the Kola bay is known till the Sredny
Oleny island.

Anarhichas minor Olafsen 1772 Spotted catfish (the spotted catfish).
The cases of catches of this species near the mouth of the Kola bay are
known.

Ammodytes tobianus Linneaus 1758 Northern sand lance. A relatively
large amount of the fishes are caught near the south coast of the Ekat-
erinenskaya harbour and near the Sedlovaty island. The young is
caught between the salny and the B. Oleny islands in the pelagial.

Scomber scombrus Linnaeus 1758 Atlantic mackerel. It enters the
Kola bay seldom. The cases of catch this species in the Saida and in the
Srednyaya inlets are known.

Thunnus thunnus Linnaeus 1758 Blue-fin tuna. It was caught in the
Kola bay only once. It was a 205.4cm specimen.

Glyptocephalus cynoglossus Linnaeus 1758 Witch flounder. It was
registered in the Kola bay to the south of the Bolshaya Volokivaya inlet.

Hippoglossoides platessoides limandoides Bloch 1787 Long rough
dab. A usual species in the Kola bay. It was caught in large amounts in
the Ekaterinenskaya harbour, in the Pale inlet.

Hippoglossus hippoglossus Linnaeus 1758 Atlantic halibut. Enters the
Kola bay very seldom. The specimen 240 kg weight was caught on the
long – line between the Ekaterinensky and the Oleny islands.

Limanda limanda Linnaeus 1758 Common dab. Regularly was caught
in the Kola bay, in the Ekaterinenskaya harbour, in the Tralovaya Yama,
in the east side of the Ekaterinensky island.

Platichthys flesus Linnaeus 1758 Flounder. The cases when this spe-
cies was caught in the east coast of the Ekaterinensky island was caught
are known.

Pleuronectes platessa Linnaeus 1758 Plaice. It was caught relatively of-
ten in the east coast of the Ekaterinensky island, in the Pala bay, near
the Brandwacht island.

At the moment this list may be much smaller that it was at the begin-
ning of the century as for many years the economic activity in the Kola
bay accompanied by the increase of contamination of its waters with
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different contaminants and toxicants grew constantly. Even a current
fall of the industrial production and shipping traffic cannot change the
established negative situation, as the accumulated in the bottom sedi-
ments contaminants prevent from the restoration of the benthos fauna,
many species of which are the main forage for the commercial bottom
fish species constituting 55% of the total number of the fish species in-
habiting the Kola bay. It should be noted that even at the beginning of
the century when the Kola bay waters were relatively clean, many spe-
cies included into the list were registered in the bay only once (the tuna,
the charpchin barracudina, king -of the herring, polar sculpin) or only
once per many years (mackerel, navaga, polar cod).

 Motovky bay

The description of the Motovsky bay in the modern literature is practi-
cally absent, though at the beginning of the century by Knipovich and
Breitfus (reference in the paper by Pertseva, 1939) and then in the
twenties- thirties years the data on hydrology, ichthyology of the bay
were presented (Pertseva, 1939, Restovsky and Tarasov, 1932 and oth-
ers).

The Motovsky bay is projected deeply into the coast from the west
to the east farther to the south from the Rybachy Peninsula. Its length
at the mouth is 85 miles. The bay’s length along its axis line is 24.2
miles. The relief of the bay’s bottom is relatively even and has a sloping
from the coasts to its middle part. At the bay’s mouth the largest depths
are observed to 280 meters, they are gradually decreasing till 200–230
meters to the middle part of the bay and nearer to the top of the bay the
depths are 100–200 meters. The bottom sediments near the coasts are
mostly the stones, in some inlets there is silt and sand and in the middle
part of the bay silt is registered (the Navigation book…1983).

The data on the currents are also very scanty. According to the 26
hours observations for the currents in the central part of the Motovsky
bay on May 9-`0 1929 is was noticed that the greatest speed- 20cm/sec
was registered for the 5 meters layer, a bit slower -for the layer 150 me-
ters, the slowest -for the layer 75 meters. As for the constant component
of the direction of the current on these observations the inverse direc-
tion for the layers 5 and 75 meters on one side and 150 meters on the
other side is noticed (Retovsky et Tarasov, 1932).

The high water currents speed in the bay reaches 1.4 knots (70 cm/
sec) (the Navigation book…1983).

 Hydrophysical characteristics

Hydrophysical characteristics of both the bay itself and its separate
inlets are presented at the moment to the fullest degree. In May-June
1996 together with the radiation investigations of MMBI hydrological
investigations were conducted not only in the bay itself but in the
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inlets- Zapadnaya Litsa, Ura, Ara (Matishov et al.,1997). 14 stations in
the open part of the bay, 7 stations in the Zapadnaya Litsa inlet, 3 sta-
tions in the Ara inlet and 7 stations in the Ura inlet were carried out all
in all. These works were conducted in the period May 21- June1. The
period was characterized by the intensive water flood in the rivers.

The open part of the Motovsky bay. On fig. 2 the temperature and sa-
linity distribution on the sections carried out along the axis line of the
bay from the west to the east are presented. On these pictures as in the
Kola bay the three water masses are distinguished well, these are the sur-
face water, the intermediate and the near-bottom but the gradient of
the temperature and salinity changes here are considerably smaller.

The surface water mass in the east of the section was registered in the
layer 0–30 meters, at the mouth of the bay -in the layer 0–15 meters.
This water mass was characterized by highest enough temperatures -up
to 3.15°C and smallest salinity values- till 33.77‰. The low boundary
of this water mass was traced on the isotherm 2.4°C and isohalina
33.85‰.

The upper boundary of the near- bottom water mass was in the layer
170–180 m and the range of water temperature changes was 2.2–
1.7°C, that of salinity- 34.0–34.1‰.

The intermediate water mass was registered in the layers from 20–30
m till 170–180m. The range of temperature changes was 2.2–2.4°C,
that of salinity -33.9–34.0‰.

The results of the investigations in winter (Retovsky et Tarasov,
1932) (abnormally cold winter 1928–1929) showed that at the end of
winter at the beginning of spring the water temperature in the surface
layer was 1.0–2.3°C and in the near bottom layer – from -0.1 till
1.0°C. Salinity according to these observations changed inconsiderably
in the range 34.37–34.62‰.

The Zapadnaya Litsa inlet. The river Zapadnaya Litsa flows into the
top of this inlet, from the part of the open part of the Motovsky bay it
has an entry barrier with the depths less that 50 meters. The investiga-
tions which we carried out do not cover the whole inlet but only its en-
try part. In spite of the expectation to register the near bottom layer
with low temperature, the vertical profiles of temperature and salinity
distributions received were close to the respective ones of distributions
in the open part of the Motovsky bay. In the surface layer 0–10 m the
temperature was 3.2–2.6°C and salinity 29.4–33.7‰. The water mass
close as for its characteristics to the water mass of the open part of the
bay was registered lower than the given layer (temperature 2.6–1.7°C
and salinity 33.7–33.9‰).

The Ara inlet. This inlet also has the entry barrier, but the vertical
profiles of temperature and salinity are quite different. Due to the im-
pediment of the exchange of waters of this inlet with those of the open
part of the Motovsky bay. In the surface layer the temperature and sa-
linity are approximately the same as in the open part of the bay, in the
near- bottom layer 75–100m the waters with lower temperature (0.5–
0.6 °C) and higher salinity (34.4‰) were registered. In the paper (Re-
tovsky et Tarasov,1932) lower temperatures (-0.03°-0.82°C) were no-
ticed in this inlet.
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The Ura inlet. The Ura river flows into the top on this river, and this
inlet does not have the entry barrier, thus, the water exchange with the
open part of the Motovsky bay is fuller that in the case with the Ara in-
let. The temperature and salinity values were close to the respective val-
ues of the open part of the Motovsky bay.

 Fish- Fauna

Hydrological peculiarities of the Motovsky bay- inconsiderable sea-
sonal validations of salinity, the presence of large amount of small shal-
low-water inlets are favourable for the spawning of large number of
different fishes. Ichthyological investigations in this area are also not
numerous. According to the results of the expeditions 1931–1932
(Pertseva, 1939 the following species were registered: Gadidae, Pleu-
ronectidae, Clupeidae, Osmeridae, Ammodytidae, Cottidae, Cyclopteri-

Figure 2 Distribution of the temperature and salinity in the section along the Motovskiy Bay.
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dae, Liparidae, Anarrichadidae, Bienniidae. The conditions of the
Motovsky bay mentioned above are favourable for the development of
the eggs and young, this bay can be called “the incubator” for the
majority of the commercial fish species (Rass, 1933).
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 Source contributing to radioactive 
contamination

 River transport

In an result of atmospheric fallout, and sometimes of releases in radia-
tion – dangerous objects, on all square of globe, in solid, some artificial
radionuclides accumulated. The water objects – lake, gulfs, seas,
oceans have drainage basins of river waters. And as the result of this
process, happens the gradual washing away which has collected radio-
nuclides from ground and transportation them to the reservoirs, where
the receipt of river waters happens. As to the Kola gulf, the square
water consumption is 27720 km2. Unfortunately we do not know of
any work investigation of radioactive contamination of river waters in
the Kola peninsula, therefore we shall take analog data (Chelucanov,
Saveljev, 1992) where presented data about the contents 90Sr in the
northern rivers Northern Dvina and Pechora and Onega. Such
assumption is justified as, there are no works indicating the anomalous
contents artificial radionuclides in the solid of drainage basins of these
rivers or in the solid of drainage basins of the rivers in the Kola penin-
sula.

The data on the contents 90Sr are taken from (Chelucanov, Saveljev,
1992). The contents of 137Cs in the rivers were measured rather seldom
(Bochkov et. al. 1983, Machonko et. al. 1977, Kolvulehto et. al., 1980,
Salo, Voipio et. al. 1972) and the generalisation of these results was rep-
resented in (Bochkov et. al., 1983). In this case, the contents 137Cs were
estimated on the following ratio, which were obtained in an outcome of
generalisation and average data of the above-presented works (tabl. 3):
+ 1965–1966 years a ratio 137Cs/90Sr = 0.46 (Salo, Voipio et. al.,

1972);
+ 1967–1985 years an average ratio 137Cs/90Sr = 0.30 (Bochkov et. al.

1983; Machonko et. al., 1977; Kolvulehto and other, 1980; Salo,
Voipio et.al., 1972), for a basis the data of observations in Finland
were accepted, as the character of the area for example quantity of
the lakes in the drainage basins in Russian North-West area is more
similar to this quantity in the Finland;

+ 1986–1989 years an average ratio 137Cs/90Sr = 0.20
26 Source contributing to radioactive contamination



For account of the transport radionuclides to the Kola Bay we shall ac-
cept, that year-average input of fresh water to the Kola Bay are 9.47
km3, with the maximum 12.5 km3 and minimum 5.74 km3 (Elshin,
1967). The estimation data presented in the table 3.

.

 Input from the open part of the Barents Sea

The most known investigation of the concentration of artificial radio-
nuclides in the marine water of the Barents, nearly the Kola Bay, were
made in 1982 by the expeditions SPA “Typhoon” (Vakulovsky et. al,
1993; Vakulovsky et al., 1985) and in a 1992 within the framework of
joint Russian – Norwegian expedition (A survey…, 1992). Unfortu-
nately, the structure of measured on these expeditions was not abso-
lutely identical (table 4).

The input of waters from the Barents sea to the Kola Bay is stipu-
lated by two mechanisms:
+ By compensatory current from an open part of the sea in the Kola

gulf;
+ By part tidal current.

The input of i radionuclade from Barents sea to the Kola Bay may esti-
mate if use next equation:

Qi = VkCi + VtCi

River 1961 1962 1963 1964 1965 1966 1967-1985 1986 1987-1989
90Sr

Onega -a 29.6 118.4 125.8 114.7 81.4 22.2-55.5 14.8 11.1-14.8

Northern Dvina 11.1 29.6 -b 103.6 44.4 40.7 18.5-48.1 18.5 18.8

Petchora 22.2 25.9 62.9 37.0 44.4 51.8 62.9 7.4 11.1

Average 16.7 28.4 90.6 88.8 67.8 58.0 34.5 13.6 14.0
137Cs

Average 31.2 26.7 10.4 2.7 2.8

Table 2 Average contents of artificial radionuclides (Bq/m3) in the rivers Onega, Northern Dvina
and Petchora.

a.Data are absent.
b.Data are absent.

Nuclide 1961 1962 1963 1964 1965 1966 1967–
1985

1986 1987–
1989

90Sr 158.2 268.9 858.0 840.9 642.1 549.3 326.7 128.8 132.6
137Cs 295.5 252.8 94.5 25.6 26.5

Table 3 Estimated data of input artificial radionuclides to the Kola Bay with the river transport
(109 Bq/year).
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Where:
+ Qi – input of i radionuclide from Barents sea to the Kola Bay;
+ Ci – concentration of i radionuclide in the Barents sea;
+ Vk – volume of waters of a compensatory current input from Bar-

ents sea to the Kola Bay, which on materials is equal 10,62 km3/year
(estimation by Namjatov);

+ Vt – volume of waters of a tidal current input from Barents sea to
the Kola Bay, which makes 469,35 km3/year (estimation by Nam-
jatov);

Nuclide 0 m 100m 280m Aver.
1982 1992 1982 1992 1982 1982 1992

137Cs Bq/m3 33 5.1 28 4.4 22 27 4.8
90Sr Bq/m3 10 4.2 10 3.6 6 8.6 3.9
99Tc mBq/m3 144 144
238Pu Bq/m3 0.2 0.2
239/240Pu mBq/m3 7.5 11.5 9.5
241Am mBq/m3 0.7 0.2 0.45
134Cs Bq/m3 0.7 0.6 0.5 0.6

Table 4 Measured concnetration of artificial radionuclides in the open part of the Barents Sea near-
ly the Kola Bay in 1982 and 1992.

Nuclide VkCi (109bq/year) VtCi (109bq/year) Total (109bq/year)
1982 1992 1982 1992 1982 1992

137Cs 286.74 50.976 12172.35 2252.899 12459.09 2303.875
90Sr 91.33 41.418 097.71 1830.481 3189.04 1871.899

Table 5 Estimated input of artificial radionuclides to the Kola Bay from the open part of tne Bar-
ents Sea.
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 Atmospheric fallout

The data of fallout Year-books are represented as average on North
Russia – Murmansk, Norilsk, Narjan-Mar, Dicson, Hanti-Mansijsk,
Turuhansk, Amderma, Salehard, Kandalaksha.

The data of fallout are obtained by different paths:
+ The fallout of 137Cs is measured (Year-books. for 1987–1994.).;
+ The fallout 90Sr up to 1988 also are measured and taken from (Year-

books. for 1987–1994.). As it is marked in the same sources, fur-
ther these data were close to a threshold of sensitivity of the analysis
therefore, settled up under the equation (Year-books. 1987–1994.):

Where: P (90Sr) – fallout 90Sr;
q (90Sr) – concentration 90Sr in the aerosol;
P (137Cs) – fallout 137Cs;
q (137Cs) – concentration 137Cs in the aerosol;

+ Fallout of 239/240Pu was calculated using the ratio 239/240Pu/137Cs, it
for a global fallout should be about 0.026 (Seminar…, 1989);

For estimation fallout of artificial radionuclides on square of the Kola
Bay we shall accept, that the square of the Kola Bay makes 214.4 km2

(Kola Bay…, 1997). Results are presented in table 6.

 Input from the local sources

Enterprise “ATOMFLOT”- discharge of the radioactivity wastes from
the bases such as the technological enterprise “ATOMFLOT” were
located civilian icebreaker with the nuclear instalation.

All types of radioactive waste are generated at the territories of the
bases:
+ used radioactive assemblies;
+ gas radioactive waste;
+ liquid radioactive waste;
+ solid radioactive waste.

Nuclides 1986 1987 1988 1990 1991 1992 1993
Fallout (107 Bq/km2 year)

137Cs 15.355 0.407 0.268 0.246 0.150 0.228 0.208
90Sr 1.306 0.814 0.692 0.029 0.0376 0.0786 0.0702
239/240Pu 0.0070 0.006 0.0039 0.0059 0.0054

Fallout to the area of the Kola Bay (109 Bq/km2 year)
137Cs 32.921 0.872 0.575 0.527 0.322 0.489 0.446
90Sr 2.800 1.745 1.484 0.062 0.081 0.169 0.151
239/240Pu 0.015 0.014 0.008 0.013 0.012

* -using (Year-Book 1986-1993).

Table 6 Fallout artificial radionuclides average on North Russia and on a area of the Kola Bay*.
Namjatov Aleksey 29



As for liquid radioactive waste are mostly generated during the follow-
ing operations:
+ at hydrooverloading of the ionexchange rasins;
+ replacement of first circuit activity filter;
+ disactivation of the controlled zones after reactor reloading. At the

ship-repairing plants and on the bases liquid radioactive waste are
formed at the disactivation of the nuclear engines, tools, parts,
reloading equipment, etc. during the reactor reloading.

Radioactive composition of the liquid radioactive waste consists of:
+ as far as corrosion products are concerned – 54Mn, 60Co;
+ as far as fission products are concerned – 90Sr, 137Cs, 144Ce.
60Co and 137Cs are determinants each in its own group.

Up to 1986 liquid radioactive waste were transported to the Barents sea
and discarded to the specially allotted polygons. Now (since 1989) liq-
uid radioactive waste from the enterprise “ATOMFLOT” and partly
from NAVY are purificated and poured to the Kola bay just on the en-
terprise territory. Composition of the radionuclides is illustrated in
Fig.3. 

Figure 4 Annual volume of input 137Cs and 90Sr from different sources to the Kola Bay.

Figure 3 Composition of the radionuclides are discarded to the Kola Bay from the "ATOMFLOT".
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 Materials and Methods

 Field Measurements

In May-June, 1996, the Murmansk Marine Biological Institute
(MMBI) carried out an expedition to Kola and Motovsky Bays. 100
liter water samples were collected from the surface into pre-rinsed plas-
tic containers. Samples were subsequently pumped through Potassium
hexacyano-ferric cobalt (KCFC) filters to quantitatively remove 137Cs
from seawater. Live algae of known species were collected from the
margins of the bays and stored in plastic bags in a refrigerated space.

All sediment samples were retrieved from the seabed using a Van
Veen grab sampler. Sediment samples were collected in water depths of
30–180 m at locations 1–4 km from the nearest nuclear bases. Samples
retrieved from the grab sampler (0.5–1 kg) were transferred to plastic
bags and refrigerated until transferral to the laboratory. Cs activities
were determined at approximately 100 stations. Pu was determined at
14 stations and Co at 100 stations.

 Radioanalytical Techniques

137Cs actvities were determined by direct measurement of KCFC filters
on a high purity germanium detector at the Federal Maritime and
Hydrographic Agency (Hamburg, Germany). Algae samples were
returned to the MMBI facility, weighed, dried and ground into a
homogenous mixture. Radiochemical analyses were performed at the
Khlopin Radium Institute (St. Petersburg). 137Cs and 60Co were meas-
ured on a low level, lithium-drifted germanium (Ge (Li)) gamma spec-
trometry system. Prior to analysis, samples (100 grams dry weight)
were placed in cylindrical containers for gamma measurements. Rou-
tine instrument calibration is performed at the Khlopin Radium Insti-
tute twice per month using standards purchased from the U.S. Depart-
ment of Energy. Detector performance is also evaluated during inter-
comparison exercises conducted by the International Atomic Energy
Agency. Instrument detection limits for both 137Cs and 60Co are 1 Bq/
kg d.w (herein Bq/kg = Bq/kg d.w.).
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 Measurements

 Seawater

There is no indication of contamination of seawater at any of the sta-
tions monitored in the present investigation (Table 1). Seawater con-
centrations of 137Cs at the mouth of the Kola Bay are within the range
of expected values for the open Barents Sea (Josefsson et al. submitted;
Hamilton et al. 1995, Strand et al. 1995). Josefsson et al. (submitted)
report 1994 values ranging from 5.3–8.9 Bq/kg for stations in the
southern Barents Sea. In addition, our measurements for the smaller
inlets of Zapadnaya Litsa and Ara, show no evidence of enhanced lev-
els of 137Cs (Table 1).

 Seaweed

Seaweed is known to be an efficient concentrator of radionuclides
from seawater (Dahlgaard et al. 1997). Samples collected from the
shoreline of several bays of the Kola region show that the levels of 137Cs
are comparable to levels measured in Northern Norway. Long-term
monitoring of seaweeds from the Norwegian coastline show that 137Cs
levels have responded to changes associated with the main sources of
radioactivity to the marine environment. Prior to 1986, 137Cs
responded primarily to discharge fluctuations associated with Euro-
pean nuclear reprocessing facilities. After 1986, 137Cs levels in seaweed
were dominated by the Chernobyl release. In the 1990’s, 137Cs levels
decreased to less than 2 Bq/kg from a high of 8 Bq/kg during the early
1980’s. These post-1990 137Cs levels are comparable to the levels
reported in the present study of Kola and Motovsky Bays (Table 7 and
8).

The one exception is for a seaweed sample collected from the Atom-
flot area (Table 1). For this sample, we report a 137Cs concentration of
46 Bq/kg w.w. ±11%. In connection with the high concentration of
137Cs, additional anthropogenic radionuclides were also detected in the
sample during gamma analysis. Traces of 134Cs, 103Ru, Co isotopes, and
Eu isotopes were found. confirm that 137Cs contamination in the
Atomflot area had occurred as a result of discharges.

Matishov et al. were unable to unequivocally from the treatment
plant. They observed that sediments in the vicinity of Atomflot con-
tained higher 137Cs concentrations relative to sediments with similar
mixtures of silt+clay size particles from other regions of the bays. Yet
concentrations of 137Cs (aver.= 18 Bq/kg; max. = 43 Bq/kg) were not
significantly higher than expected from other well-known sources. Ele-
vated concentrations in seaweed, however, further support the sugges-
tion of Matishov et al. (in press) that 137Cs from routine discharges of
low level radioactive waste is accumulating near the treatment facility.
While these data demonstrate that some radionuclides have been trans-
ferred into the local food web, additional samples are needed before it
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will be possible to assess the full exent of the impact on the environ-
ment.

 Bottom sediment

 Cs and Co Determinations

All radiochemical analyses were performed at the Khlopin Radium
Institute (St. Petersburg). Cs and Co were measured on a low level,
lithium-drifted germanium (Ge (Li)) gamma spectrometry system.
Prior to analysis, each samples was dried, then ground and mixed thor-
oughly. Samples (100–300 grams dry sediment) were placed in special
cylindrical containers for gamma measurements. Routine instrument
calibration is performed at the Khlopin Radium Institute twice per
month using standards purchased from the U.S. Department of
Energy. The detector is certified as part of the International Atomic
Energy Agency’s intercalibration program. Instrument detection limits
for both Cs and Co are 1 Bq/kg. Errors for Cs and Co activities are
<10% for samples >10 Bq/kg; <40% for samples 5–10 Bq/kg and
<50% for samples 2–5 Bq/kg (Tabl. 9).

Area Species Cs-137 Cs-134 Co-60 Co-58 Ru-103 Eu-152 Eu-154
(Bq/
m3)

(%) (Bq
/
m3)

(%) (Bq
/
m3)

(%) (Bq
/
m3)

(%) (Bq
/
m3)

(%) (Bq
/
m3)

(%) (Bq
/
m3)

(%)

Sea water, Bq/m3

Northen Kola 
Bay

8.0 ±0 <0.3
2

Ara Bay 4.7 ±0.
4

<0.3
6

Zapadnaya Litsa 
Bay

4.9 ±0.
6

<0.
21

Seaweeds, Bq/kg w.w.
Southern Kola 
Bay

Fucus vesicu-
losus

1.41 ±16

Southern Kola 
Bay

Fucus vesicu-
losus

2.27 ±13

Atomflot Laminaria sp. 46.0 ±11 1.2 ±40 1.6 ±50 ~L.
d.

~L.
d.

4.6 ±25 ~L.
d.

Open Kola bay Fucus vesicu-
losus

0.8

Open Kola bay Fucus

distichus 0.5

Olenya Bay Laminaria sp. 0.33-
1.90

~1.9

L.d. - detection limit.

Table 7 Measured concentrations of artificial radionuclides in water (Bq/m3) and seaweed (Bq/kg
w.w.) (1995).
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 Pu Determinations

The samples were mixed with oxalic acid and ashed at 500ºC for 24–
48 hours to destroy organic material. Pu purification was performed
using standard ion exchange chromotography techniques. Sample resi-
dues were leached with 8M HNO3 after addition of 242Pu as a yield
tracer. Transuranic elements were separated from samples by coprecipi-
tation on iron hydroxide. Plutonium was isolated by adsorption on an
anion-exchange column preconditioned with 8M HNO3 and subse-
quently eluted with HCL. For a good purification of the Pu eluate, a
second anion exchange column was processed. The final elution of Pu
was done in 10 M HCL and 0.1 M NH4I solution. The eluate was
evaporated and further purified before electrodeposition onto stainless
steel discs (Hallstadius, 1984). Certified alpha spectrometry systems
were used to determine Pu activities to within <10% measurement
errors. The reliability of the procedure was confirmed during inter-
comparison exercises using the certified reference material, IAEA Soil-
6.

No Species Date of 
selection

Place of 
selection

137Cs
Bq/kg

90Sr
Bq/kg

239,240Pu 
Bq/kg

137Csbiota

137Cswater

Additional

1. Fucus Dis. 4.09.98 Atomflot 2.07±0.4 690–296 152Eu-0.32±0.07;
60Co-0.11±0.03

154Eu-0.74±0.08

2. Laminaria sacch. 4.09.98 Atomflot 24.6±0.2 8200–3465 155Eu-1.53±0.10
152Eu-8.1±0.2
60Co-1.4±0.1

154Eu-12.2±0.3

3. Laminaria sacch. 1.09.98 Atomflot 0.62±0.13 207–87

4. Fucus Dis. 1.09.98 Atomflot 0.61±0.13 203–86

5. Fucus Dis. 1.09.98 Atomflot 2.9±0.1 987–408

6. Laminaria sacch. 1.09.98 Atomflot 0.62±0.06 207–87

7. Fucus ves. 05. 1999 Pala Bay 0.18±0.04 0.18±0.0
3

0.023±0.00
3

60Co-0.34±0.08

8. Fucus Dis. 05. 1999 Pala Bay 0.26±0.13 0.16±0.0
3

0.036±0.00
5

9. Fucus Dis. 05. 1999 Saida Bay 0.06±0.02 0.10±0.0
1

10. Ascopyllum 05. 1999 Saida Bay 0.13±0.04 0.09±0.0
1

0.015±0.00
2

11. Fucus ves. 03. 1998 Porch-
niha Bay

0.19±0.03 0.09±0.0
2

0.049±0.00
5

12. Fucus Dis. 03. 1998 Porch-
niha Bay

<0.06 0.15±0.04

13. Fucus Dis. 03. 1998 Teriberka 
Bay

0.26±0.03 0.11±0.02

Table 8 Measured concentrations of artificial radionuclides in water (Bq/m3) and seaweed (Bq/kg
w.w) (1998-1999).
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 Results

The radionuclides, 137Cs (Cs), 239,240Pu (Pu) and 60Co (Co) were deter-
mined at stations throughout the region but the more particle-reactive
elements (Pu and Co) were detected only near major military and civil-
ian bases. The distributions of these radionuclides in bottom sediment
samples are graphically displayed in Figures 2,3 and 4 respectively.
Average and maximum activities of Cs, and Co for each of the major

Area Number 
of samples

137Cs 60Co
Aver. s.d. max Aver. s.d. max

Near-field Barents Sea 2 6.2 7.2 <1

Kola Bay:
Open water 24 12.6 5.0 24.5 <1

Area of “ATOMFLOT“ 82 18.0 6.2 43.0 0.8 1.4 27.0

Pala Bay 1 20.3 22.9

Olenja Bay 4 7,0 4.3 14,0 4.5 11.5

Polyarnij 2 13,3 14.6 13.2 24.0

Saida Bay 8 9.8 10.5 34.1 2.7 4.0 12.0

Vaenga Bay (Severomorsk) 10 11.1 5.5 18.9 <1

Motovsky Bay:
Open water 13 3.8 2.9 10.1 <1

Zapadnaja Litsa 9 16.7 15.6 48.4 0.6 1.4 4.0

Ara Bay 5 4.2 4.8 11.0 <1

Ura Bay 8 4.3 4.4 13.8 <1

* 152Eu: Av=b.d.; max=55 Bq/kg
154Eu: Av=b.d.; max=123 Bq/kg

Table 9 Concentrations of 137Cs and 60Co in surface bottom sediments in areas of the Kola and Mo-
tovsky Bays (Bq/kg d.w.).

Area Number of 
Samples

Nuclide
239,240Pu (Bq/kg 

d.w.).

239,240Pu/
137Cs

Middle part of the Kola Bay 1 1,65+0.18 0,104

Northern part of the Kola Bay 1 1,51+0.30 0,132

Area of “ATOMFLOT“ 8 0.8+0.15 0.019–0,100

Pala Bay 1 2,20+0.40 0,108

Saida Bay 1 1,58+0.29 0,122

Zapadnaja Litsa 1 2,01+0.31 0,042

Ura Bay 1 1,30+0.30 0,094

Table 10 Concentrations of 239,240Pu and 239,240Pu/137Cs activity ratio in surface bottom sediments in
the Kola and Motovsky Bays.
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inlets and within open waters are given in Table 1. Pu and Pu/Cs activ-
ity ratios are presented in Table 2.

Radionuclide levels in inlets of Motovsky Bay exhibit the following
distributions. Cs levels of 0.7–30 Bq/kg were observed in the outer part
of Western Litsa Inlet in bottom sediments ranging from fine-grained
to sandy material. Bottom sediments in the outer parts of Ara and Ura
Inlets had Co levels of 0.5–1.0 Bq/kg and Cs levels of 0.6–11 Bq/kg.

In general, radionuclide levels in open waters of Motovsky Bay are
lower compared to those in proximal inlets. Levels of Co and Cs in bot-
tom sediments are 0.7–1.0 Bq/kg and 5–14 Bq/kg, respectively. The
soils in Titovka Inlet are contaminated by radioactivity to approxi-
mately the same degree. Levels of Cs (1–10 Bq/kg) and Co (0.5–1.0
Bq/kg) in sediments offshore from Titovka Inlet are still lower.

In Kola Bay, levels of artificial radioactivity increase with decreasing
distance from the nuclear bases. Elevated levels of Cs (3–34 Bq/kg), Co
(0.7–12 Bq/kg) and Pu (1.6 Bq/kg) were measured in the bottom sedi-
ments of Saida Inlet, located 2–3 km from sites used for storage of re-
actor compartments from nuclear submarines. The levels of Cs, Co and
Pu in the sediments of Olenya Inlet, 800 m from the “Nerpa” ship re-
pair works were 2–4 Bq/kg, 1–12 Bq/kg and 1.6 Bq/kg, respectively.
Higher levels of Cs (15–22 Bq/kg), Co (22–24 Bq/kg) and Pu (2.2 Bq/
kg) were found in sediments of Pala and Ekaterininskaya Inlets near
Polyarny. Pu/Cs activity ratios are 0.019–0.132.

 Discussion

 Radioactivity in Kola and Motovsky Bays

Quantitative information is not known on the amounts, forms, and
composition of radioactivity associated with military and civilian oper-
ations conducted in the inlets of Kola and Motovsky Bays. However,
the observed increase in Cs activities with decreasing distance toward
the facilities indicates that operations have resulted in releases of radio-
activity into the marine environment. The highest levels of Cs, 50–100
Bq/kg, are similar to previous observations in the Pechora Sea (158 Bq/
kg) near the Chernaya Bay underwater nuclear test site (Smith et al.,
1995), and from Yenisey River bottom sediments (150–420 Bq/kg) at
least as far as 250 km downstream from the Krasnoyarsk Mining and
Chemical Industrial Complex (Phillips, 1997; Vakulovsky et al.,
1995). These levels are low in comparison to observations near the
point of discharge for the Sellefield nuclear reprocessing facility. Cs
concentrations in sediments near Sellefield were up to 10,000 Bq/kg in
1983 but have since decreased by an order of magnitude as a result of
reduced discharges (McCartney et al., 1994).

Pu activities are only slightly above the levels expected from global
sources of Pu and will be discussed more thoroughly in the next section
of this paper. The presence of Co unequivocally indicates that some
leakage of radioactivity has occurred at locations in the Bays. Co is not
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introduced by global fallout and exhibits a strong affinity for particles.
Co (t½ = 5.27 yr) has a short residence time in the environment. It will
decay after introduction into the environment within approximately 30
years. As a result, detection of this radionuclide is only possible within
close proximity to a point of release. Our data indicate however that
some Co has been transported through Kola Bay over distances on the
order of 100 km, probably in association with transport of fine partic-
ulate material.

 Comparison with adjacent Arctic Seas

If some leakage has occurred, the question arises as to the impact of
leakage on the addjacent Arctic coastal seas, the Kara, White, Pechora
and Barents. Recent attention on the dumping of nuclear waste in the
Kara Sea has resulted in a re-evaluation of radioactivity inventories and
sources for all of the Arctic Seas. Studies conducted in association with
the Kara Sea evaluation provide an important reference base for the
data obtained in Kola and Motovsky Bays.

The main source of Cs to sediments in adjacent Arctic Seas is dis-
charges from nuclear reprocessing facilities. Over the last four decades
(1952–1988), 41,000 TBq of Cs have been discharged into the marine
environment from the Sellefield nuclear reprocessing facility alone
(McCartney et al., 1994). Cs levels up to 30 Bq/kg are typical for sedi-
ments from Arctic Seas and there is a general inverse relationship be-
tween Cs concentration and sediment grain size (Hamilton et al., 1995;
Smith et al., 1995; Baskaran et al., 1996). A similar inverse relationship
with grain size was also observed in Kola and Motovsky Bays (data not
shown). The highest Cs activities are observed in sediments from the
Yenisey estuary and near the underwater nuclear test site on Novaya
Zemlya. In both of these areas activities have increased due to local
sources of radioactivity. Samples collected in the Barents Sea, just out-
side of the Bays, are low in Cs. Activities are 6.2–7.2 Bq/kg in sedi-
ments indicating there is no contribution of Cs from Kola and Mo-
tovsky Bays (Table 1).

In Arctic Seas, Pu activities are mainly the result of atmospheric fall-
out from nuclear weapons testing performed in the 1950’s and 1960’s
(Holm et al., 1986). Pu levels in this study (> 1 Bq/kg) are only slightly
higher than those observed in open Arctic Seas (typically < 1 Bq/kg)
(Baskaran et al., 1996). Due to a high affinity for particles, Pu is not ex-
pected to be transported large distances from source regions. Therefore
it seems likely that higher Pu activity in sediments must have been in-
troduced to the Bays by local sources.

The ratio of Pu activity to Cs activity is often a useful indicator of
possible sources of radioactivity to marine sediments (Smith et al.,
1995). Typical ratios observed for marine sediments range from 0.02–
0.50 (Smith et al., 1995). The interpretation of Pu/Cs ratios can be
problematic due to varying sources through time for Pu and Cs dis-
charges into the marine environment. A useful comparison can be
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made to the large data base of Pu/Cs activity ratios for the Kara Sea.
Baskaran et al (1996) report ratios of 0.0027–0.0849 with a mean value
of 0.021+/- 0.013. Baskaran et al. (1996) interpret these ratios as evi-
dence that atmospheric fallout is the primary source of both Pu and Cs.
In general, similar Pu/Cs ratios were observed in the open waters of
Kola and Motovsky Bays but with higher Pu/Cs ratios (~ 0.1) observed
nearer to some of the installations. However, we are unable to clearly
distinguish among different source contributions in our data based on
only a few Pu/Cs activity ratio determinations.

 Conclusions

The data clearly indicate that over the last five decades the mainte-
nance and operation of military and civilian nuclear powered vessels
has resulted in the leakage of Cs, Co and probably Pu into the marine
environment of Kola and Matovsky Bays. Most of the radioactivity is
buried in fine-grained sediments near the most important anthropo-
genic sources. Currently the levels in sediments near the installations
are considerably less than those reported for sediments from the vicin-
ity of the Sellefield nuclear reprocessing facility.

From this investigation, we have identified the following areas to be
of greatest concern. These are the Atomflot area, the Pala Bay and the
Polyarnij in the Kola bay and the Zapadnaja Litsa in the Motvsky Bay.
At present, contaminated sediments are found only within close prox-
imity to the main anthropogenic sources. As a result, any impact from
leakage on the environments of the adjacent Barents Sea and other Arc-
tic Seas is expected to be minor.

Monitoring studies to assess conditions in the Bays should be con-
tinued. The observed levels of Cs, Pu and Co represent only a minor
fraction of the total amount of radioactivity currently stored in this re-
gion (Yablokov et al., 1993). And, there are international concerns re-
garding proper handling of nuclear waste materials, the integrity of
storage containers, and current storage locations in the Kola region.
Determinations of radionuclide inventories in sediment deposits are
needed to obtain a better idea of the magnitude and extent of both past
and present leakage from the various installations. The determination
of sedimentation rates would help to establish the chronology of past
leakage events and to determine if the leakage problems are accelerating
with time.
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 Modelling radionuclide transport in the 
marine environment and dose assessment

Technical experts on the Environment Task are of the view that a com-
partment model is the most suitable to describe the transport of radio-
nuclides released into waters of the Kola gulf, and from this informa-
tion, to provide a basis for estimating radiation doses. This kind of
model was applied by experts of the MMBI when estimating effect of a
contamination at a background level on the population of Murmansk
region []. Compartmental models are particularly suited to estimating
the representative concentrations of radionuclides in large bodies of
water, and the seafood reserves that reside in these. In addition, the
rates at which concentrations within seafood change following releases
to the marine environment (either in near continuous or accidental
conditions) are sufficiently low to eliminate any advantage that more
complex models could have over box models. More complex models
are also handicapped by their onerous data requirements. As long as
compartmental models are supplied with correct data, they are ade-
quate in the task of quantifying the impact of discharges.

Mathematically the model is determined by a system of linear differ-
ential equations of a form:

(1)

In the context of marine modelling, it is common practice to repre-
sent Kola Bay as comprising 3 sections: Southern, Middle, Northern
(Fig. 5). It is proposed that this practice is adopted in the current study.
Each compartment is in the shape of a truncated pyramid, whose size is
been determined in each case by the physical dimensions of the area
represented.

Throughout the model, the following indexes are used for the com-
partments and the transfers between them:

Where:

Ci and Cj are the concentration of any nuclide in water of compartments (boxes) i 
and j;

kij the volumes of water exchange between boxes;

fi the rate of change of concentration of a radionuclide due to action of 
physical and chemical and biological factors or transition of a radionu-
clide from water in other elements of an ecological system, i.e. bottom 
sediments and bio-objects; and 

Wi the total input (discharge) of a radionuclide into box i.

td
dCi kijCi

j 1=

n

∑� kjiCj
j 1=

n

∑ fiCi
l 1=

m

∑ Ωi+�+= i 1 2 3, ,=
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i=1 for the Southern section;
i=2 for the Middle section;
i=3 for the Northern section.
The quasi-stationary circulation scheme of the Southern section of

Kola Bay has been studied by Potanin and Larin. The upper section of
Kola Bay receives runoff from the Tuloma and Kola rivers, which then
mixes with sea water and forms an outward oriented mixed surface flux
at 0–5 m depth horizon.

The quasi-stationary current rates in this flux in the southern section
of the bay are 5 cm/s at the horizon of 5 m and 20 cm/s at the surface.
The return current is formed in the near bottom water layer, which
moves in the opposite direction at a velocity of up to 5 cm/s. The return
current follows the bottom relief from north to south, mixes with the
surface flux and is forced by the latter back northward. This circulation
is influenced by wind, tide, upwelling and other currents. Only runoff,
water surface, return current and tidal currents will be considered here.

For the purpose of this work it is assumed the that water circulation
scheme is as follows:

1).The area’s largest runoff, from the Kola and Tuloma rivers, flows into
the southern section of Kola Bay, and constitutes 95% of total river wa-
ter runoff. If we neglect the remaining runoff, river water runoff

Figure 5 Compartmental Layout of Model of Kola Bay.

Barents Sea

Northern part

Middle part

Atomflot

Southern part
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through each border of the sections of the bay will be equal to each
other and will constitute the total river runoff volume, i.e.:

v rr-1 = v r1–2 = v r2–3 = v r3-s = v r (m3/y) (2)

where:
vr

r-1 – the Kola and Tuloma rivers runoff (m3/y);
v r

1–2 = v r
2–3 = v r

3-s – transfer of water between the boxes, and be-
tween the Northern section and open water of the Barents Sea (r stands
for river, s stands for the open Barents Sea waters).

2). As the river flux enters the sea, it mixes with sea water and carries a
certain amount of it outside the bay. This amount of water taken out in
this way must be compensated by an inward return current. Therefore,
the water volume of sea water travelling inward at the borders of the
boxes is equal to the volume of the sea water carried outside the bay by
the river runoff. Let us represent these volumes as vk. Hence:

vk
1–2 = v k2–1

v k2–3 = v k3–2

v k3-s = v ks-3

3). For high tide flux it is assumed that volume of the water carried dur-
ing the high tide at every border of the bay is equal to the amount of
water carried during the low tide, i.e.: 

v ±w
r-1 represents v w

r-1 = v w1-r

v ±w
1–2 represents v w

1–2 = v w2–1

v ±w
2–3 represents v w

2–3 = v w3–2

v ±w
3-s represents v w3-s = v ws=3

To implement the model the following denotations are introduced:
qi (q1, q2, q3) – total amount of radionuclide in the given section of

the bay;
Ci

w (C 1
w, C2

w, C3
w) – established radionuclide concentrations in the

water of box i;
Vi (V1, V2, V3) – volume of box i;
qr

i (q
r
r-1, q r

1–2, q r
2–3, q r

3-s) – radionuclide transfer by river runoff to
the Southern section, between the Southern and Middle sections, be-
tween the Middle and Northern sections, and between the Northern
section and the Barents Sea respectively;

q k
i (q k

1–2, q k
2–1, q k

2–3, q k
3-s) – radionuclide transfer caused by the

inward return current from the Middle to Southern section, from the
Northern to Middle section, from the Barents Sea to Northern section
respectively;

q wi (q wr-1, q w1–2, q w2–3, q w3-s) – radionuclide transfer by tidal flux be-
tween the rivers and the Southern section, the Middle and Northern
sections, the Northern section and the Barents Sea respectively;
Ωi - total amount of radionuclide discharged (annually or in follow-

ing any incident);
qs

i (q
s
1, q

s
2, q

s
3) – total amount of radionuclide transferred into bot-

tom sediments in every section of the bay.
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The calculations are based on the following assumptions:

1) The decrease in the Ci
w values that would be caused by transfer of ra-

dionuclides to phyto and zooplankton will not be considered. Let us as-
sume that this value constitutes a fraction of the radionuclide concen-
trations in water, because both phyto- and zooplankton are carried by
water currents. The fact that Ci

w values would decrease on account of
transfer of certain amount of radionuclides to zoobenthos will also be
disregarded. It is assumed that this amount is included into radionu-
clide concentrations in bottom sediments.

Hence:
qi

b = 0

2) The decrease in the Ci
w value caused by transfer of radionuclides to

fish qi
F and value of secondary pollution qi

d, will not be considered, i.e.:
qi

F = 0
qi

d = 0

3) Radionuclide decay will not be considered, because rate of water ex-
change between the bay and the Barents Sea is sufficiently high. Com-
plete water exchange in the Southern section of the bay takes approxi-
mately 6 days, that is 61 times a year, taking account of the water travel
time.

The balance equation for a radionuclide in the Southern Bay is as
follows:

q1 = q k2–1 + q w2–1 + q rr-1 + q wr-1 – q w1-r – q k1–2 – q w1–2 – q r1–2 – qs
1+Ω1(3)

As the purpose of this work is to assess the impact of a source of ra-
dionuclides within the bay only, background concentrations are as-
sumed to be equal zero, i.e.

C r
w= 0 and Cs

w= 0
and consequently therefore:
q wr-1 = 0
q rr-1 = 0
q ws-3 = 0

q r s-3 = 0 (4)

which implies that:

C 1
w V1 = C 2

w (v k1–2 + v ±w
1–2) – C 1

w (2v k1–2 + v ±w
1–2 + v ±w

1-r) – qs
1+Ω1(5)

as:

q1
s = C1

w × Kds × V1
S (6)

KdS- radionuclide distribution coefficient between water and bottom
sediments;
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V1
S- volume of sediments formed during the given period of time.

If d1 =Kds × V1
S, then q1

s = C 1
w × d1 (7)

The result is expressed by the following equation:

C 1
w (V1+2v k

1–2 + v ±w
1–2 + v ±w

1-r+ d1) – C 2
w (v k1–2 + v ±w

1–2) = Ω1 (8)

Equations for the Middle and the Northern section are derived in
the same way.

For the Middle section:

C 1
w (2 v k1–2 + v±w

1–2) -C 2
w (V2+2v k

2–3 + v±w
1–2 + v±w

2–3+ d2)+
C 3

w (v k
2–3 + v±w

2–3) = -Ω2 (9)

For the Northern section:

C 2
w (v k2–3 + v±w

2–3) – C 3
w (V3+2v k3-s + v±w

2–3 + v±w
3-s+ d3) = -Ω3 (10)

Where:
q2

s = C 2
w × d2

q3
s = C 3

w × d3

It results in 3 equations with the three unknowns as follows:

a11C1 + a12C2 + a13C3 = b1

a21C1 + a22_2 + a23C3 = b2

a31C1 + a32C2 + a33C3 = b3 (11)

where:
a11 = V1+2v k

1–2 + v±w
1–2 + v±w

1-r+ d1

a12 =- (v k
1–2 + v±w

1–2)
a13 = 0
b1 = Ω1

a21 = 2 v k1–2 + v±w
1–2

a22 =- (V2+2v k
2–3 + v±w

1–2 + v±w
2–3+ d2)

a23 = v k2–3 + v±w
2–3

b2 = -Ω2

a31 = 0
a32 = v k2–3 + v±w

2–3

a33 = – (V3+2v k
3-s + v±w

2–3 + v±
w3-s+ d3)

b3 = -Ω3

The radionuclide concentrations in bottom sediments are given by:

Ci
s = C i

w × Kds (12)
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The concentration of each released radionuclide in fish in any com-
partment i is given by:

C i
F = C i

w × CFF (13)

Where:
CFF – concentration factor for fish.
The radionuclide concentrations in phyto- and zooplankton is cal-

culated similarly (C i
FP, C i

ZP).
The annual individual effective dose from fish consumption within

any area for nuclide number n is calculated as follows:

Dn = Cn
w × DCF × CFn

F × P [Sv/y] (14)

where:
CFn

F – radionuclide n concentration factor for fish (defined as the
ratio of the equilibrium radionuclide concentration in fish to that in
unfiltered water);

P – annual individual fish consumption;
Cn

w- radionuclide n concentration in water;
DCFn – radionuclide n dose per unit activity ingested – specified by

the ICRP [2].
The total annual individual effective dose is the sum over the indi-

vidual radionuclide contributions:

DΣ = Σ Dn [Sv/y] (15)

For the purposes of modelling the radiological impacts, representa-
tive consumption rates of fish will be taken from the results of a joint
Norwegian-Russian Expert Group.

 Continuous release

The discharge of radionuclides from the for example for the Atomfolot
release would occur into the Middle section of the compartmental
model. Hence:
Ω1 =0
Ω3 =0

Two separate options will be computed to assess the radiological impact
of discharges from the defuelling operation:
+ using the mean value of annual input and the maximum value of

the distribution factor KdS and the mean concentration factor for
fish CFn

F;
+ using the maximum value of annual input and the maximum value

of distribution factor KdS and the maximum value of distribution
factor for fish CFn

F.
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 Model results

Maximum discharges of a suite of radionuclides from the Atomflot
facility result in seawater concentrations, averaged for the volume of
water in the middle section of the box model, of less than 1.5 x 10–3

Bq/m3 (Figure 4). Not unexpectedly, those radionuclides which domi-
nate in the composition of the waste discharges (Figure 3) also domi-
nate in the composition of seawater. In sediments, only those radionu-
clides which exhibit a high particle affinity (i.e. high distribution coef-
ficients) are measurable in the sedimentary compartment of the box
model. Of these, 144Ce dominates. At maximum discharge values and
Kds, the concentration of 144Ce is estimated to be as high as 9 Bq/kg
d.w. (Figure 4). Maximum sedimentary concentrations of 60Co, 154Eu,
152Eu, 95Zr are 0.7, 1.8, 1.2 and 1.4 Bq/kg d.w respectively. However,
in our field expeditions, we have not detected 95Zr or 144Ce in sedi-
ments but this is probably because the half-lives of these nuclides are
too short to allow them to accumulate to detectable levels.

The corresponding radionuclide concentrations in fish are small for
all box model compartments, 10–8- 10–3 Bq/kg w.w. The radionuclides
of cobalt, 60Co, 58Co predominate in fish as a result of the high bio-con-
centration factor (maximum of 1 x 104). For case 1 (average discharges
and recommended CFs), the total dose received by a person is only 2.8
x 10–10 Sv/year, for case 2 (maximum discharges and maximum CFs),
the total dose is 3.5 x 10–9 Sv/ year (Figure 5). In the other two sections
of the bay doses are lower by about a factor of 3. Assuming the same
waste stream composition, an increase in discharges by a factor of 10
will also increase the doses by a factor of 10: for case 1, the total indi-
vidual dose received will increase to 2.8 x 10–9 Sv/year, for case 2, the
dose will be 3.5 x 10–8 Sv/ year. 

 Short-term release

To solve the problem of a short term release, as could take place during
an accident during the defuelling operation, equations (8), (9) and
(10) will be used. The input of radionuclides into the Middle section
(W2) will be considered as the case of permanent source. It is assumed
that the source commences at t=0, and ceases at the earliest possible
time, t=1, after which:
Ω1 =0
Ω2 =0
Ω3 =0
and equations (8), (9) and (10) will take the following form:

for the Southern section

(C 1
w) t-1 (V1 + 2v k

1–2 + v±w
1–2 + v±w

1-r+ d1) – (C2
w) t-1 (v k1–2 + v±w

1–2)=
– (C1

w) tV1 (16)
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Figure 6 Estimated concentrations in water, sediment and fish contaminated by discharges of radi-
onuclides from Atomflot facility.

Figure 7 Doses to humans consuming 100 kg/yr of fish contaminated by discharges of radionuclides
from Atomflot facility.
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for the Middle section

(C 1
w) t-1 (2 v k1–2 + v±w

1–2) – (C 2
w) t-1 (V2 + 2v k2–3 + v±w

1–2 + v±w
2–3+ d2)+

(C 3
w) t-1 (v k2–3 + v±w

2–3) = (C 2
w) tV2 (17)

for the Northern section

(C 2
w) t-1 (v k2–3 + v±w

2–3) – (C 3
w) t-1 (V3 + 2v k3-s + v±w

2–3 + v±w
3-s+ d3)=

(C 3
w) tV3 (18)

Results are presented in the Fig. 9. 

Figure 8 Concentrations of the long life radionuclide after incendent in the Middle part of the Kola
Bay with the volume of discharge 37 TBq.
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 Dose assessment

By using equations 16, 17 and 18 in this way, it is possible to calculate
the evolution of concentrations of artificial radionuclides in water, and
also to estimate their possible accumulation in bottom sediments and
seafoods.

Doses to humans are then calculated as;

Di = C i
w x DCFi x CFi

F x P [Sv/yr] (19)

Di – dose from the individual nuclide;
CFi

F – fish concentration factor for the individual nuclide;
P – fish consumption per year = 100 kg/yr;
Ci

w -water concentration of the individual nuclide;
DCFi – effective dose per unit intake via ingestion (Sv/Bq)

Concentrations in fish were estimated using equilibrium distribution
coefficients published by the IAEA (1985). Data on the effective dose
per unit intake via ingestion of individual nuclides were taken from
IAEA (1996). Dose estimates were determined considering two cases:
1) average discharge volumes from Atomflot and recommended fish
concentration factors (CFs), and 2) maximum discharge volumes and
maximum fish concentration factors (CFs).

Figure 9 Results of modelling accumulation by bottom sediment for short-term release.
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 Discussion

Until recently, little information has been available on radionuclide
levels for the bays and inlets surrounding the Kola peninsula. Without
these data, investigation of the impacts on human health and the envi-
ronment with respect to radionuclide contamination has not been pos-
sible for these areas. Using data of known discharges of radioactive
waste from the nuclear waste processing facility Atomflot, we have per-
formed an assessment of the radiological situation with respect to this
local contaminant source. In the simulation, it is implicitly assumed
that the discharges of radioactive waste are mixed uniformily through-
out the entire middle section of the box model. While the model does
not take into account the possibility of local ‘hot spots’ of radioactive
contamination, this limitation is counterbalanced by the fact that fish
living in the bay will encounter regions of both higher and lower radi-
oactive contamination.

Based on the results achieved from the box model simulation of the
spread of discharged radioactive waste from Atomflot, we predict that
at present the dose is a maximum of less than 10–8 Sv/year. After imple-
mentation of installation upgrades to the facility which will increase
waste processing capacity, the associated dose is expected to increase by
a factor of ten to less than 10–7 Sv/yr. The doses related to the discharge
of processed nuclear waste in the Kola Bay are well below the 10–3 ex-
posure limit recommended by the ICRP (ICRP, 1986) and the 5 x 10–

4 limit recommended by the NRPB (NRPB, 1987). The impacts from
these discharges on human health and the environment will likely re-
main at acceptably low levels for many years.

Discharges from Atomflot alone do not account for the distributions
of radioactive contaminants recently reported for Kola and Motovsky
Bays. For example, in the box model simulation, 137Cs concentrations
predicted in sediments are negligible (Figure 4) while measured 137Cs
concentrations range from 1–24 Bq/kg d.w (Matishov et al., in press).

In the Kola Bay, the radiological dose (DT) includes three primary
sources of radionuclides:

DT = DA + DM + DO (20)

where,
DA = doses from Atomflot discharges
DM = doses from military installation discharges
DO = doses from non-local sources (e.g. european reprocessing dis-

charges, global fallout, etc.)
The other terms in equation 3 (non-local and military sources) must

be important and therefore we further consider them in this evaluation
of radiological doses. Using data on radionuclide levels in sediments
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(Matishov et al. in press), we may apply the assumption of equilibrium
partitioning of radioactivity between sediment and seawater to predict
dissolved radionuclide concentrations for the various bays and inlets of
both Kola and Motovsky Bays. These data are summarized in Table 3.
The associated radiological doses are estimated by equation 1 after
making the following substitution:

C i
w = C i

s x (Kd) -1 (21)

Equation 1 is then re-written as,

Di = DCFi x CFi
F x P x C i

s x (Kd) 
-1 [Sv/yr] (22)

Kd – coastal sediment concentration factor
Ci

s – concentration of nuclide in sediment

The total radiological dose is then calculated as the sum of the individ-
ual doses for each of the key radionuclide contaminants: 137Cs, 90Sr,
60Co,154Eu, 152Eu, and 239,240Pu. We have included 90Sr but because we
have no data for 90Sr in water or sediment, water concentrations of this
nuclide are estimated using a ratio of 90Sr/137Cs = 0.8. This ratio is
based on measured activity ratios in sea water from coastal waters of the
Barents Sea (JRNG, 1992. The exact value chosen is not critical be-
cause as we shall show, 137Cs is the primary radionuclide controlling the
magnitude of the doses.

In equation 22, the assignment of values to the variables Kd, fish CF,
and sediment radionuclide activities is done in two ways. In the first
case, we assume recommended Kd values, recommended fish CFs and
average sediment radionuclide activities (Tables 9, 10 and 11). The cor-
responding total doses (DT), represent the integrative influence of all
radionuclide sources in the bay, both local and non-local. The doses es-
timated in this way for the different areas of the bays are 2.0–8.8 x 10–

7 Sv/yr (Figure 6). The highest total doses are predicted near Atomflot
(8.8 x 10–7 Sv/yr) in the Kola Bay and the Zapadnaya Litsa Bay (8.2 x
10–7 Sv/yr) in Motovsky Bay (Figure 5).

Sediment Kd Fish CF DCF

Recommended Recommended Maximum Recommended
90Sr a1 x 103 2 x 100 10 x 101 2.8 x 10–8
137Cs 3 x 103 1 x 102 3 x 102 1.3 x 10–8
152Eu 6 x 104 3 x 102 5 x 102 2.0 x 10–9
154Eu 6 x 104 3 x 102 5 x 102 1.4 x 10–9
60Co 2 x 105 1 x 103 1 x 104 3.4 x 10–9
239,240Pu 1 x 105 4 x 101 1 x 102 2.5 x 10–7

Table 11 Values used in equations 2 and 5 for sediment concentration factors (Kd) and fish concen-
tration factors (CFs) from IAEA (1985) and values of the effective dose per unit intake via
ingestion (DCF) from IAEA (1996).

a.Value is not used in equations 2 and 5. See text for additional information.
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In the second case, dose estimates are based on recommended Kd

values, maximum fish CFs and maximum sediment radionuclide activ-
ities. Once again the highest total doses are predicted for Atomflot (6.8
x 10–6 Sv/yr) and Zapadnaya Litsa Bay (7.3 x 10–6 Sv/yr). These areas
also contain the highest sedimentary 137Cs activities, 43 Bq/kg and 48
Bq/kg respectively (Table 3).

Case 1 (0.1–0.6 Bq/kg) and case 2 (1.0–4.3 Bq/kg) 137Cs levels pre-
dicted for fish in equation 5 also compare well with earlier field samples
taken from the Kola Bay of Atlantic cod (Matishov et al., 1995). Good
agreement between predicted values and measurements provide some
assurance that the simple assumption of equilibrium radionuclide dis-
tributions among environmental compartments of sediment, water,
and fish is a reasonable one for purposes of estimating values of DT. It
further supports the assumption applied in the simulation model that
radionuclide levels measured in fish more closely resemble levels
throughout an area rather than “hot spots” of radionuclide activity. A
few measurements also have been reported for fish muscle samples from
fish collected in bottom waters of the nearshore Barents Sea region, just
outside the Motovsky and Kola Bays. These levels (0.3–1.0 Bq/kg)
show no appreciatively elevated 137Cs concentrations and are compara-
ble to levels identified for fish collected in the open Barents Sea in 1994
(≈2 0.9 Bq/kg) (Rissanen et al., 1997). These concentrations are lower
than for fish from the Baltic and Norwegian Seas (Holm, 1994), areas
which were heavily impacted by the Chernobyl accident.

The primary radionuclide controlling the dose estimates is 137Cs
(Figure 6), not 60Co as was determined in the simulation of discharges
from Atomflot alone (Figure 5). Our objective in this evaluation is to
compare the relative magnitude of each of the terms in equation 3. The
presence of 60Co in sediments adjacent to the Atomflot facility provides
a useful measure of DA, the dose related to discharges of nuclear waste
from the treatment plant.

Assuming that measured concentrations of 60Co in sediments near
Atomflot are derived solely from the discharges from the treatment fa-
cility, we first compare the magnitude of the 60Co doses determined by
each estimation procedure (simulation modeling and measurements).
Differences are apparent between the dose estimates derived for 60Co in
the two procedures

Rather than focusing on a comparison of the dose results derived in
the two procedures, we compare doses based solely on the radionuclide
concentrations measured in sediments. These data are based on the
same set of assumptions giving us confidence that even if the magni-
tude of the doses themselves are not accurate, they are at least, inter-
nally consistent. We find that the dose term (DT) in equation 3 is one to
two orders of magnitude greater than the dose term DA, estimated as
the 60Co dose (Table 12 and 13). For Case 1, the ratio between DA (1.4
x 10–9 Sv/yr) and DT (8.8 x 10–7 Sv/yr) is 1.6 x 10–3; for case 2, the ratio
is 6.8 x 10–2. It appears that the doses to humans related to radioactive
discharges from Atomflot are indeed small in comparison to other lo-
cal, and non-local sources of radioactive pollution.
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With respect to the term DM in equation 3, the data on radionu-
clide concentrations in sediments indicate that this term will also be
minor in the dose calculations. Sedimentary 137Cs activities in the vicin-
ity of military facilities do not strongly indicate leakages from military
operations (Matishov et al. in press). While the presence of cobalt in
sediments does indicate that leakages of nuclear waste have occurred,
the levels at these sites are no greater than the levels measured near
Atomflot. As previously indicated for Atomflot, radiological doses asso-
ciated with leakages of nuclear waste from military installations will
have little effect on on the magnitude of the total dose, DT in equation
3.

Thus, from the perspective of both contamination levels and radio-
logical doses non-local sources of the radionuclide 137Cs currently pre-
dominate the contamination situation in this region. In the marine wa-
ters outside of the Kola peninsula, 137Cs distributions previously have
been explained by discharges from european nuclear waste processing
facilities, global fallout, past nuclear accidents, and fluxes from major
arctic rivers (Aarkrog, 1994). Radionuclides supplied by these sources
enter the Kola Bay primarily from the Barents Sea, and to a lesser de-
gree from direct atmospheric fallout and freshwater supplies.

 Future Impacts

Similar to the situation in many northern sea areas, the dominant sig-
nal of anthropogenic radionuclides within the Kola Bay is related to
non-local sources of contamination, primarily 137Cs. Amidst this back-
drop of previously identified sources, the reprocessing facility at Atom-
flot contributes minor additions of a large variety of radionuclides
through direct discharge into the bay. Clearly, the minor levels of envi-
ronmental contamination that arises from the discharges of nuclear
waste at Atomflot is acceptable given the benefit of reducing, albiet
minimally, the amounts of stored nuclear waste within the Kola penin-
sula. Neither have leakages from military installations resulted in seri-
ous concerns over environmental cntamination. At worst these two
sources will continue to introduce 60Co into the environment becom-
ing a minor source of 60Co contaminated particles to the adjacent Bar-
ents Sea. In time, these discharges may indeed become a useful tracer
of particle transport in the adjacent seas. The upgrade of the Atomflot
treatment facility is expected to have little effect on the the previously
discussed dose estimates. The expected ten-fold increase in the dis-
charge rates will increase the 60Co dose estimate, but the ratio DA/
DT=1.6 x 10–2 will still be very low.

The largest unknown in the mass balance equation of radioactive
sources in this region is obviously the impact of a major nuclear acci-
dent resulting from the continuing storage of nuclear waste and the ac-
tivities of Russia’s Northern Fleet. As the international community is
well-aware, based on the current situation in which little has been done
to improve these conditions, the important question is how long can we
expect the current situation to remain stable before such an accident
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will occur. Because the answer to this question is not forthcoming, in-
vestigation of the radiological situation in the Kola peninsula and
northern seas in general will remain a primary objective of our on-go-
ing activities in these areas.   

Simulation Model Measurements
Case 1 Case 2 Case 1 Case 2

Atomflot (present) 2.8 x 10–10 3.5 x 10–9 – –
60Co dose 1.1 x 10–10 2.4 x 10–9 1.4 x 10–9 4.6 x 10–7

Total Dose (DT) Atomflot area – – 8.8 x 10–7 6.8 x 10–6

Total Dose (DT) other areas – – 2.0–8.2 x 10–7 1.5–7.3 x 10–6

Total Dose (DT) Barents Sea – – 3.2 x 10–7 1.1 x 10–6

Atomflot (after upgrade) 2.8 x 10–9 3.5 x 10–8 – –

Table 10 Individual doses (Sv/yr) to humans ingesting 100 kg/yr fish.
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Nuclide Concentration in sedi-
ment (Bq/kg d.w.)

Concentration in 
water (Bk/m3)

Concentration in fish 
(Bq/kg f.w.)

Doses Sv/year

Aver. Max Aver. Max Aver. Max Aver. Max
1 2 3 4 5 6 7 8 9

Barents Sea
90Sr 1,65 1,92 0,003307 0,0192 9,26E-09 5,38E-08
137Cs 6,2 7,2 2,067 2,400 0,206667 0,72 2,69E-07 9,36E-07
239,240Pu 1,36 1,36 0,014 0,014 0,000544 0,00136 1,36E-08 3,4E-08

Total 2,92E-07 1,02E-06

Southern part of the Kola Bay
90Sr 3,4 5,44 0,0068 0,0544 1,9E-08 1,52E-07
137Cs 12,5 20,4 4,26 6,8 0,426 2,04 5,54E-07 2,65E-06
239,240Pu 1,6 1,7 0,016 0,017 0,00064 0,0017 1,6E-08 4,25E-08

Total 5,89E-07 2,85E-06

Middle part of the Kola Bay
90Sr 4 11,4 0,008 0,114 2,24E-08 3,19E-07
137Cs 15 43 5 14,3 0,5 4,29 6,5E-07 5,58E-06
154Eu 0,06 123 0,0001 0,246 0,00003 0,123 6E-11 2,46E-07
152Eu 0,02 55 0,00004 0,11 0,000012 0,055 1,68E-12 7,7E-09
60Co 0,01 23 0,00001 0,046 0,00001 0,46 3,4E-12 1,56E-07
239,240Pu 1,22 1,65 0,012 0,016 0,00048 0,0016 1,2E-08 4E-08

Total 6,84E-07 6,35E-06

Northern part of the Kola Bay
90Sr 3,786667 6,533333 0,007573 0,065333 2,12E-08 1,83E-07
137Cs 14,2 24,5 4,733333 8,166667 0,473333 2,45 6,15E-07 3,19E-06
239,240Pu 1,51 1,51 0,0151 0,0151 0,000604 0,00151 1,51E-08 3,78E-08

Total 6,52E-07 3,41E-06

1 2 3 4 5 6 7 8 9

Saida Bay
90Sr 2,613333 9,093333 0,005227 0,090933 1,46E-08 2,55E-07
137Cs 9,8 34,1 3,266667 11,36667 0,326667 3,41 4,25E-07 4,43E-06
60Co 2,7 12 0,0135 0,06 0,0135 0,6 4,59E-09 2,04E-07
239,240Pu 1,58 1,58 0,0158 0,0158 0,000632 0,00158 1,58E-08 3,95E-08

Total 4,6E-07 4,93E-06

Olenia Bay
90Sr 1,866667 3,733333 0,003733 0,037333 1,05E-08 1,05E-07
137Cs 7 14 2,333333 4,666667 0,233333 1,4 3,03E-07 1,82E-06
60Co 4,4 11,5 0,022 0,0575 0,022 0,575 7,48E-09 1,96E-07
239,240Pu 4,7 4,7 0,047 0,047 0,00188 0,0047 4,7E-08 1,18E-07

Total 3,68E-07 2,24E-06

Pala Bay
90Sr 5,41 5,41 0,010827 0,054133 2,8E-08 3,03E-08
137Cs 20,3 20,3 6,767 6,767 0,676667 2,03 1,3E-08 8,8E-07
60Co 22,9 22,9 0,115 0,115 0,1145 1,145 3,4E-09 3,89E-08
239,240Pu 2,2 2,2 0,02200 0,02200 0,00088 0,0022 2,5E-07 2,2E-08

Total 9,71E-07

Table 12 Individual doses (Sv/yr) to humans ingesting 100 kg/yr fish.
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Poliarniy
90Sr 3,546667 3,893333 0,007093 0,038933 1,99E-08 1,09E-07
137Cs 13,3 14,6 4,433333 4,866667 0,443333 1,46 5,76E-07 1,9E-06
60Co 13,2 24 0,066 0,12 0,066 1,2 2,24E-08 4,08E-07
239,240Pu 3,88 3,88 0,0388 0,0388 0,001552 0,00388 3,88E-08 9,7E-08

Total 6,57E-07 2,51E-06

Open part of the Motovskij Bay
90Sr 1,013 2,693 0,002027 0,026933 5,67E-09 7,54E-08
137Cs 3,8 10,1 1,267 3,367 0,126667 1,01 1,65E-07 1,31E-06
239,240Pu 1,56 1,56 0,01560 0,01560 0,000624 0,00156 1,56E-08 3,9E-08

Total 1,86E-07 1,43E-06

Dalnie Zelency
90Sr 4,453333 12,90667 0,008907 0,129067 2,49E-08 3,61E-07
137Cs 16,7 48,4 5,566667 16,13333 0,556667 4,84 7,24E-07 6,29E-06
60Co 0,5 4,5 0,0025 0,0225 0,0025 0,225 8,5E-10 7,65E-08
239,240Pu 2,01 2,01 0,0201 0,0201 0,000804 0,00201 2,01E-08 5,03E-08

Total 7,7E-07 6,78E-06

Ara Bay
90Sr 1,12 2,933333 0,00224 0,029333 6,27E-09 8,21E-08
137Cs 4,2 11 1,4 3,666667 0,14 1,1 1,82E-07 1,43E-06
60Co 0 0,5 0 0,0025 0 0,025 0 8,5E-09
239,240Pu 1,3 2,26 0,013 0,0226 0,00052 0,00226 1,3E-08 5,65E-08

Total 2,01E-07 1,58E-06

Ura Bay
90Sr 1,146667 3,68 0,002293 0,0368 6,42E-09 1,03E-07
137Cs 4,3 13,8 1,433333 4,6 0,143333 1,38 1,86E-07 1,79E-06
239,240Pu 1,3 1,3 0,013 0,013 0,00052 0,0013 1,3E-08 3,25E-08

Total 2,06E-07 1,93E-06

Nuclide Concentration in sedi-
ment (Bq/kg d.w.)

Concentration in 
water (Bk/m3)

Concentration in fish 
(Bq/kg f.w.)

Doses Sv/year

Aver. Max Aver. Max Aver. Max Aver. Max
1 2 3 4 5 6 7 8 9

Table 12 Individual doses (Sv/yr) to humans ingesting 100 kg/yr fish.
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 Conclusions

1. Dose estimates for low level radioactive waste discharged from the
nuclear waste treatment plant at the Atomflot facility were deter-
mined using a simple box model. Maximum total doses for humans
consuming 100 kg/yr of fish containing radionuclides from this
source alone will be less than 10–8 Sv/yr. The planned ten-fold
increase in discharges increases the dose estimates by a factor of 10.

2. Based on environmental concentrations of radionuclides, estimates
of the radiological dose to humans consuming 100 kg/yr of fish
from the Kola and Motovsky Bays are also quite low ≈10–7 Sv/yr.

3. A few measurements in seaweed samples indicate that 137Cs levels
are within the expected range based on previously known sources of
marine contamination. However, for one sample taken in the vicin-
ity of the civilian icebreaker facility Atomflot, the level is signifi-
cantly higher, 46 Bq/kg w.w. ±11% indicating significant uptake to
biota.

4. All of the dose estimates determined in this study are well below the
10–3 exposure limit recommended by the ICRP (ICRP, 1986) and
the 5 x 10–4 limit recommended by the NRPB (NRPB, 1987) and
demonstrates that current levels of radioactivity in the environment
pose no threat to fisheries operations in northern seas.

5. As in most areas of the northern seas, non-local sources (e.g. dis-
charges from european nuclear waste processing facilities, global
fallout, past nuclear accidents, fluxes from major arctic rivers) are
presently the primary contributors of radioactive contaminants to
seawater, sediment, fish and other marine organisms living in the
waters that surround the Kola peninsula.
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