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PREFACE

The Seminar on Radionuclides in the Baltic Sea was held on
29 May 1989 in Rostock-Warnemiinde, German Democratic
Republic, in conjunction with the fourth meeting of the
Group of Experts on Monitoring of Radioactive Substances in
the Baltic Sea (MORS), of the Baltic Marine Environment

Protection Commission - Helsinki Commission.

This publication contains most of the proceedings presented
at the seminar as well as conclusions prepared by the

participants.

The authors of each scientific paper published in this
seminar publication are responsible for their texts in
their personal capacity as scientists. The participants of
the seminar and the fourth meeting of the expert group MORS
are responsible for the content of the summary and

conclusions.
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THREE YEARS OBSERVATIONS OF THE LEVELS OF SOME
RADIONUCLIDES IN THE BALTIC SEA AFTER THE CHERNOBYL
ACCIDENT; Seminar on Radionuclides in the Baltic Sea,

29 May 1989, Rostock-Warnemiinde, German Democratic Republic

INTRODUCTION

Anneli Salo, Chairman of the Seminar and MORS ¢

Radioactive substances are present in oceans both natural-

ly and as a result of human activities.

Some of naturally occurring radionuclides have such long
half-lifes that they have been in existence since the
origin of the solar system. Other naturally occurring
radionuclides are produced by the interaction of high-
energy cosmic radiation with the atmosphere. The former
category reaches the oceans mostly as a result of run-off
from weathered rocks or by decay of the primordial subs-
tances in the water itself. The latter are primarily de-

posited on the surface of the ocean by precipitation.

Those human activities which have added to the inventories
of ocean radionuclides are testing of nuclear weapons,
operational discharges of effluents from nuclear reactors
and fuel reprocessing plants, ocean dumping of low level
radioactive waste and nuclear accidents. Of these activi-
ties only nuclear weapons testing has global impact on
the ocean contamination by certain radionuclides, see
Tables 1 and 2 /1,2,3,4,/. Other human activities have
mainly had local impact on radionuclide concentrations
in the oceans, except the releases from the Sellafield
reprocessing plant, which have been detected also in the
Baltic Sea and up to the Arctic Ocean after a peak release
period in the 70's. The radionuclides originating from
the Chernobyl accident are another exception as regards

the contamination of the Baltic Sea.



Table 1. Fallout in global oceans /1,2,3,4/
Input PBg Obs. Inventory
Northern Hemisphere Southern Hemisphere PBq
14 C Not less than 40 170
%0 Sr 250 120 440
137¢Cs 410 200 640
239 py 3.3 1.6
16
240 py 2.2 1.1
Table 2. 137 Cs inventories for all world oceans /[2/
PBqg GBq km-?
Water column Sediment Areal
N.Atlantic 11902 2.1 3.4
S.Atlantic 28 3.6 0.
Caribbean 11 0.6 2.
Mediterranean 10 0.5 4.
Black Sea 1.8 0.2 .
N.Pacific 210 4.8 .
Bering Sea 4.6 0.2
S.Pacific 102 4 .
Indian 86 3.7
North Sea 0.9 1.0 .
Baltic Sea 0.5 0.05
Norwegian Sea 6.8 0.1
Greenland Sea 4.7 0.1 .
Arctic 47 5.2
640 30

+5 Sellafield
+4 dumping



The United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) /5/ estimated the total release
of 137Cs from Chernobyl accident to be 70 PBgq. Of this
they estimated only 4.7 PBg to have deposited on the
oceans. This figure is challenged by the present studies
within the MORS-programme as being too low. The release
plume from Chernobyl moved over the Baltic Sea to Sweden
and Finland. Part of the radionuclides deposited on the
sea surface giving rise to initial differences in radio-
nuclide concentrations of water in the various Baltic
Sea areas. Similar uneven radionuclide distribution pat-
tern on the surrounding land areas has been explained by

observed rainshower patterns.

The present document discusses the status of radionuclide
contamination in the Baltic Sea, in particular, the addi-

tion from the Chernobyl accident.
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Lassey, K.R., Manning M.R., O'Brien, B.J., 1988.
Assessment of the Inventory of Carbon-14 in the
Oceans: an Overview. In Inventories of Selected
Radionuclides in the Oceans, IAEA-TECDOC-481,
IAEA, Vienna
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THREE YEARS OBSERVATIONS OF THE LEVELS OF SOME RADIONUCLIDES IN THE BALTIC
SEA AFTER THE CHERNOBYL ACCIDENT; Seminar on Radionuclides in the Baltic
Sea, 29 May 1989, Rostock-Warnemiinde, German Democratic Republic

SUMMARY AND CONCLUSIONS

The summary was adopted by the fourth meeting of the Group of Experts on
Monitoring of Radiocactive Substances in the Baltic Sea (MORS) on 2 June
1989. (The 1list of participants of the meeting is included in this
report on page 151).

Based on the oral presentations at the Seminar and the discussions of the
preliminary papers, the following summary can be made:

Water: Since the Chernobyl accident on 26 April 1986, a number of cruises
have been made in the Baltic Sea and many water samples have been taken
and analyzed. The results from the analyses of these samples show that
— from a radiological point of view - the most important artificial
radionuclides in the Baltic are Cs-137 and Cs-134. In addition, Sr-90 and
transuranics have been studied.

Chernobyl derived radionuclides have been observed over all areas of the
Baltic Sea. In 1886 the highest concentrations were measured in the
Bothnian Sea, the Gulf of Finland and at the Mecklenburg Bight. In 1987
and 1988 dilution and removal processes reduced these initial high
concentrations. Concentrations increased in water from certain areas
during 1987 and 1988 due to advective transport. Run off had its highest
influence during 1986.

There are still some questions concerning the behaviour of radiocaesium
and its physical/chemical form immediately after the accident.

At an informal meeting of experts in Risoe, Denmark 30-31 January 1989,
available data was used to calculate the inventories of radionuclides. A
preliminary estimate showed that the inventory of Cs-137 in the Baltic
water mass was 324 TBq during 1983; 4620 TBq by September 1986; and 3700
TBq during August 1887. The Sr-90 inventory was 416 TBq in 1983; 460 TBq
in October 1986; and 391 TBq in August 1987.These calculations have still
to be refined to get more accurate results.

The inventory of Sr-90 in the water column was altered very little by
fallout from Chernobyl. The contribution of Cs-137 from Chernobyl in 1986
has increased the total water mass inventory by a factor of 15, and will
influence the total concentration Cs-137 in different compartments of the
Baltic Sea for a long time.

The Cs-137 in the water column was depleted by 25 per cent between 1986
and 1987, based on preliminary calculations made in Risoe. This loss of
Cs-137 is difficult to explain, but one possible explanation could be the
high sedimentation of radiocaesium both in the Gulfs of Bothnia and
Finland.

Sediments: A significant fraction of the Cs-137 is found in the Baltic Sea
sediments. Based on pre-Chernobyl data, an inverse correlation was
demonstrated between water depth and accumulated caesium in the sediment.
This factor partly explains the low deposition of Chernobyl caesium in the
sediments of the Baltic Proper. Another important factor is the permanent
discontinuity layer preventing surface water from contact with the
sediments in this area, as well as e.g. the lower sedimentation rate in
this area.
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Preliminary calculations of the Chernobyl-drived inventory for Cs-137 in
the sediments was 520 TBq in 1986 and 856 TBq in August 1987. These
figures are based on measurements of Cs-134 and an initial activity ratio
of 0,52. Direct calculations from the measured Cs-137 content in the
sediment gives an inventory of 1466 TBq in August 1987 and is the sum of
Cs-137 from all sources. This inventory may be underestimated due to loss
of activity during sampling.

The Chernobyl impact on transuranic inventory in the Baltic Sea has been
rather low. Most of the Pu-239/240 inventory is now found in the
sediments. The redox conditions in the sediment may play an important role
in regulating the concentration of the transuranic elements in the
sediment. Sr-90 levels in sedimentory deposits is very low.

Biota: Presently the only important radionuclides from Chernobyl in the
biota from a dosimetric point of view are Cs-137 and Cs-134. These
radionuclides can be found in biota all through the Baltic.

The quantity of Cs-137 and Cs-134 in plankton may be of interest in
calculating the removal of Cs from the water column.

In fish the concentrations differed with the trophic level. The activity of
radiocaesium in Baltic fish is low, compared to fish from inland lakes. In
some predatory fish radiocaesium was still increasing in 1988, but levels
in most other fish have started to decrease. This trend can also be seen
in the bioindicator Fucus vesiculosus.

The highest concentrations in fish caught in the Baltic Sea were found in
the freshwater predatory fish pike, perch and pike-perch.Among the true
marine fishes, cod had the highest content of caesium. Also Ag-110m and
Sr-90 have been measured in cod. The amount of radionuclides in the fish
and their variation in time, can be rather well explained by the behaviour
of the water masses in the Baltic; the penetration of the radionuclides to
deeper water layer and seasonal migration of Baltic herring.

Radiation doses due to fish consumption

Individual doses from fish consumptions have been estimated. The dose from
Sr-90 is some orders of magnitude lower than the corresponding dose from
Cs-137 and Cs-134.

Assuming an annual consumption of 12 kg of Baltic Sea fish, an individual
effective dose equivalent of 0,004 mSv was found for the Federal Republic
of Germany for 1988, based on measurement in December 1988. Data from the
German Democratic Republic give the same result for the internal dose.
Researchers from Finland based their calculation on an average consumption
of 7,7 kg of Baltic herring and 5,8 kg of other sea fish per capita and
year. This would give the following average internal doses from Cs-137 and
Cs-134:

1986 0,005 mSv

1987 0,008 mSv

1988 0,009 mSv.
Compared to the general background radiation doses to man - which is of
the order 2 mSv per year - the contribution from Cs-137 and Cs-134 from

Chernobyl is seen to be less than one per cent. The dose received from
swimming, boating, sunbathing on beaches, and handling fishing gear would
be very much less.
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Matters related to Quality Assurance / Quality Control

Several discussions, reports and new data related to analytical quality
assurance were presented to the participants attending the meeting.

1.

The observer from the IAEA, International Laboratory for Marine
Radioactivity, described some preliminary data for man-made and natural
radionuclide concentrations measured in an intercomparison sample of
Baltic Sea sediment. Scientists from 75 institutes, including 14
participants to the MORS program, submitted analytical results for
different radionuclides. Although some outliners were identified, the
MORS analytical data base was in general of good quality and in
agreement with the global set of results.

The observer from ICES (International Council for the Exploration of
the Sea) described current ICES guidelines for monitoring of
non-radioactive contaminants in sediments and recommended procedures
for sampling sediments. Although the programme is not concerned with
radioactive contaminants, the methods applied for sampling and
processing samples for non-radicactive and radiocactive contaminants
should be comparable. The guidelines therefore, are extremely relevant
to the MORS effort.

Translation of a ten-year-old report on Nordic Intercalibration
exercise was presented by the participant from Denmark showing
analytical results for radiocnuclides in sedimentary material extracted
from five different sediment samplers; the aim being to see if the
different samplers showed different results. This experiment was
conducted several years ago and sediment samples were distributed to
different laboratories which reported significant differences in
radionuclide concentrations. These results showed there was a definite
need to continue analytical intercalibrations of this nature to help
resolve these differences. Similar '"sampler'" intercalibration studies
with the same objective were recently conducted with participation by
several HELCOM members states. The Federal Republic of Germany samples
have been collected and distributed to 17 investigators but results are
only now being collated and were not available for discussion at this
meeting.

The Finnish results from sediments collected after Chernobyl with 2
types of gravity corers and 1 box corer consistently showed that the
sediment from the STUK corer contained higher inventories of Cs-137
than material extracted from the box corer and smaller diameter gravity
corer. It is difficult to explain the differences encountered in the
concentrations measured at this time.

Future work

From the oral presentations and from the discussion one could find some
areas where there seemed to be a more general agreement that further
work should be carried out. Among the more important were the
following:

— There should be continued sampling and measurement of the
concentration of Cs-137 in the different compartments of the Baltic
Sea.

— The inventories of (s-137, Cs-134 and Sr-90 as well as the
transuranics should be calculated both in the water masses and in
the sediments.
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Special attention should be paid to the methodological problems
encounted in this work.

Work should be carried out in order to arrive at better models to
predict the concentration of Cs-137 in the Baltic Sea as well as
the radioation doses subsequent of normal and accidental releases.
The fallout from Chernobyl gives a good possibility to validate
models for for the Baltic Sea.

There is a need for more intercalibration exercises for both
sampling comparison as well as comparison of methods used to
prepare samples and measure radionuclides. Sediment sampling seems
to require immediate attention.

There should be a discussion on how to present the result of the
dose calculations or concentration of radionuclides in the
environment. The result should be compared to our natural radiation
environment. Radiation doses should be compared to the impact from
other toxic or harmful substances in the Baltic Sea.

Give examples on how the data base built up in the MORS group could
be used for assessment. This would help in arriving at conclusions
on the future collection of data, and how this information could be
presented for use inside HELCOM and to fullfill the obligation
placed upon MORS.
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RADIATION SITUATION IN THE BALTIC SEA IN 1986
IN SEA WATER AND SEDIMENTS

Survey draft on the materials of the HELCOM
*
prepared by experts of the USSR

*) Remark by the Secretariat:

In spring 1986, after the accident of the Chernobyl Nuclear
Power Plant in April, the Executive Secretary of the
Helsinki Commission, Prof. Harald Velner, requested the
seven Baltic Sea States -~ Contracting Parties to the
Convention on the Protection of the Baltic Sea - to
intensify their research activity on radioactive substances
in the Baltic Sea area. In 1987, the Helsinki Commission
requested the USSR to compile the information received from
the Baltic Sea States and to provide the compilation for
the use of the Commission. Assuming that there was a common
interest to the compilation prepared by experts in the
USSR, this document was made available as a preprint copy
suitable for citing in open literature in 1988 and a 1list
of some relevant documents published by the Baltic Sea
States was attached.
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ANNOTATION

The survey contains summarized data on radioactive contamination
of the Baltic Sea for the period from May to November, 1986. The
survey is composed of the materials submitted to the HELCOM.

The data on contamination of the surface water layers of the
Baltic Sea with radioactive cesium are presented in map-charts
for three observation periods: May-June, July-August,
October-November, 1986. A nonuniformity of contamination has been
noticed. Areas with increased contamination have been detected.
The results are considered concerning the depth distribution of
radioactive cesium. The difference 1is shown of the rate of
penetration into the deep water layers in different parts of the
sea. Data are presented on presence of cesium-134, as well as
cesium-137, 1in bottom sediments and hydrobionts of the Baltic
Sea. The results of radicactive cesium determination in river
waters are presented. It 1is shown that the change of the
radiation situation that took place in the Baltic Sea in 1986, is
fully determined by radiocactive cesium. The data are compared of
atmospheric fallout of radioactive cesium and its content in the

water of the Baltic Sea.
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The survey of 1987 summarized the data on radioactive
contamination of environmental objects in the Baltic Sea region
in April-July, 1986*). It was shown on the basis of analysis of
the results available then, that due to air transport and further
atmospheric fallout, the radioactive substances that entered the
atmosphere as the result of Chernobyl NPP accident, reached the
Baltic Sea region and caused additional contamination against the
background of the global one. Most part of the radioactive
aerosols from the Chernobyl NPP accident fell out in the region
of the Baltic Sea practically during a short period of time: from
the end of April to the end of May, 1986, but the density of the
fallout was different in different parts of the Baltic region.
Investigation of individual areas of the Baltic Sea clearly
showed nonuniformity, "spottiness" of contamination, reflecting
different densities of atmospheric radioactive fallout. Among the
detected radionuclides the radiocactive isotopes of cesium:
cesium-134 and cesium-137, were the main dose-forming ones. Their
activity ratio (cesium-134/cesium-137) was 0.55 in the initial

] * %)
period .

Observations <carried out in April-July 1986, covered a
considerable part of the Baltic Sea water body, but separate
parts, in particular, the Gulf of Bothnia and the northwestern
part of the Baltic Sea Proper, remained unexplored. Besides, the
results presented in that period, in most cases were preliminary

ones.

The information on which this survey draft is based, embraces the
period from the end of April to November, 1986. The list of the
documents submitted to the HELCOM for survey is given in the list

of the sources used | 1-11 |.

*
)Radioactive contamination of environmental objects 1in the
Baltic Sea region in April-July, 1986. HELCOM 8/4c/6.20.02.87

*)

In this period iodine-131 was also among the main dose-forming

isotopes.
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The obtained materials contain the results of investigation of
practically the whole agquatory of the Baltic Sea; they cover a
long observation period, more than half a year. In these

materials the data submitted earlier are defined more exactly.

Most experimental material contains the results of determination
of radiocactive cesium as the most informative in the given case
of contamination. A great amount of data concerns cesium-134 and
cesium-137 determination in the sea water. As the observations of
the radioactive cesium content in the Baltic Sea waters were
carried out at different times, it seemed expedient to choose
three periods of time and to combine the data thereof in
map-charts. In Figs. 1, 2 and 3 there are the results of
cesium-137 determination in the surface waters of the Baltic Sea
in the periods: May-June (Fig. 1) | 1, 3, 6-11 |, July-August
(Fig.2 ) | 1, 6-8, 10, 11 | and October-November ( Fig.3 )

| 3-8, 10, 11 |. Side by side with cesium-137 determination,
cesium-134 was determined in all samples. The activity ratio
cesium-134/cesium-137 was 0.55 in the 1initial period of
observations, which corresponded to the activity ratio of these
nuclides in the damaged block of the Chernobyl NPP at the time of
the accident. In all the observations this value was the tracer
of the given type of contamination and enabled to fix it
reliably. The value of the cesium-134/cesium-137 activity ratio

decreased with time due to preferential decay of cesium-134.

Different periods of observation and in different areas of the
sea hinder the comparison, of course, however the general picture
of the radiation situation in the Baltic Sea in 1986 appears
clearly enough. First of all, the nonuniformity, "spottiness" of
the Baltic Sea's radioactive contamination is confirmed. This
nonuniformity was the consequence of atmospheric precipitations
of different intensity in the time of passage of air masses
contaminated with radionuclides from the Chernobyl NPP accident,
and as a result of it, a very nonuniform density of radioactive
fallout. The density of the atmospheric fallout, in its turn,
reflected in the distribution of the radioactive contamination,

cesium-137, 1in particular, in the surface layer of the sea. A

2 493288H
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comparison of all the data obtained by the Baltic countries on
the distribution of radioactive cesium in the surface waters of
the Baltic Sea in 1986 (Fig. 1-3) shows that the greatest "spots"
of contamination took place in the central and eastern parts of
the Gulf of Finland and in the southern part of the Gulf of
Bothnia. In June 1986 the highest activity concentrations of
cesium-137 among the observed in the Baltic Sea waters, over 3000
Bq/m3, were detected to the north of the central part of the Gulf
of Finland and in the southwestern part of the Bothnian Sea. In
the same period near NPP Olkiluoto a value IIOOBq/m3 of
cesium-137 was fixed. Judging from the data of May-June (Fig. 1)
in the southwestern part of the Baltic Sea Proper and in the
region of the straits there was also a "spot" of increased
contamination. The average value of cesium-137 content in the
surface water of this region in May was 240 Bq/m3, reaching 1089
Bq/m3 in one of the points. In June the average value of
cesium-137 content decreased to 177 Bq/m3, and in August (Fig. 2)
the content of cesium-137 in the surface water of this region was
69 Bg/m3 on the average, in October-November, 74 Bq/m3 (Figs.
1-3; the region of the straits and the southwestern part of the

sea).

In the central and eastern parts of the Gulf of Finland the
“spot" of radicactive contamination was steadily traced in June
and August (Figs. 1 and 2). On the whole it changed little by the
level of cesium-137 content in that period, but the high activity
concentration values, as 3100 Bq/m3, were not encountered yet in
August. In general, the "spot" moved westwards: in the point of
the western part of the Gulf of Finland where in June 97 Bq/m3 of
cesium 137 were observed, in August it was 530 Bq/m3 (Figs. 1 and
2). In October-November there were only 2 measurements of
cesium=-137 in the Gulf of Finland: in the central part (180
Bq/m3) and in the Koporie bay (190 Bq/m3). These two results may
but only partly characterize the situation in the Gulf of
Finland, nevertheless they give grounds to assume a considerable
decrease of contamination of the surface waters in the Gulf of

Finland by October-November, 1986,



~15-~

Most data for the Gulf of Bothnia were obtained in
October-November, 1986. Judging by the fact that even in that
period, i.e. half a year after its rise, cesium-137 contamination
in the Bothnian Sea, especially in its southern part, reached
700-800 Bq/m3 (Fig. 3); there was a spacious ‘"spot" of
contamination there. The same 1is testified by the value of
cesium-137 content in the littoral water of Forsmark NPP in June.
A characteristic feature of the radiocactive cesium's behaviour
dynamics in the water of the Bothnian Sea near the Forsmark NPP
is an increase of its content in June-July, 1986, apparently due
to washing the contamination off from the coastal territory, and
further on, a decrease of its content | 10 |. In the northwestern
part of the Baltic Sea Proper relatively high concentrations of
cesium-137 (600-800 Bq/m3) were observed in October-November, but
absence of the data for the period May-June doesn't enable to
trace the way of the contamination's appearance immediately from
the atmospheric source due to fallouts or due to spreading

southwards of the contaminated water from the Bothnian Sea.

Separate patches of an increased content of radicactive cesium
also took place in the central part of the Baltic Sea Proper, up
to 500 Bq/m3 of cesium-137 (Figs. 1 and 2), but those were only
individual points and in immediate proximity to them values less

by factor of 10 were observed.

Comparison of the results obtained in different periods shows
that the processes of redistribution in water masses cause
dispersion of highest concentrations of radioactive cesium in the
surface waters of the Baltic Sea. 1In the course of the
observations side by side with horizontal movement, an intensive
penetration of contamination into the deep layers of the sea was
revealed. Depth sections were done in many points of the sea and
the content of radiocactive cesium was determined in different
layers. As one would expect, the rate of the contamination's
vertical spread was different in various parts of the sea. The
available information should be considered by separate regions of

the sea.
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In the waters of the Danish straits cesium-137 of Chernobyl
origin was observed in the bottom layers already in May, 1986,
but its quantities differed greatly relative to the content in
the surface layer. If we take cesium-137 content in the surface
layer as a unity, the share of cesium-137 in the bottom layer in
May was from 0 to 1.9 | 1 |, in August, from 0.5 to 2.4 | 1 | ,
in October-November, from 0.9 to 1.7 | 3 |. Evidently, it was
only in October-November, i.e. half a year after the ingress,
that a relatively uniform distribution of cesium-137 in the water
mass was reached in that region. For all that a characteristic
feature of the vertical distribution in a number of points in
that region was higher content of cesium-137 in the bottom layer
in comparison with the surface one, which gives evidence of
transport of cesium-137 with deep-water flow from neighbouring

more contaminated regions of the sea.

In the waters of the southwestern part of the Baltic Sea a
uniform distribution of radicactive cesium was observed within
the limits of the upper 10~-20 m in May, 1986; in some cases, like
in the straits, the contamination in the deep-water layers was

greater than in the surface ones | 3, 7-9 |.

In the waters of the central part of the Baltic Sea Proper in
May-June the content of cesium-137 at a depth of 10-20 m was
0.1-0.2 from the surface layer content taken as a unit; at the
same time there were points with equal content of cesium-134 | 3,
7, 8 |. In July in the waters of the eastern part of the Baltic
Sea Proper the content of cesium-137 of Chernobyl origin in the
bottom layers was about 1/3 of its value in the surface layer
| 11 |. Several determinations were carried out in the region of
the Gottland deep in May-November, 1986. Table 1 summarizes the
available data on the activity concentration of cesium 1in the

Gottland deep waters.



-17-

Table 1. Activity concentration of cesium-134 and cesium-137 in
the waters of the Gottland deep of the Baltic Sea in

1986
Semnling Sampling | . 3 Reference
inia hg}'zon? Content, Bq/m
s cesium~-134 | cesium-137

May 9 o) 33 T4
45 8,6 28 /6/
100 17 48

July 23 0 1 41 /11/
200 6 22

August 17 0 35 81 /6/
230 i3 49

Octobexr-~

November } 45,3 113 /7, 8/
50 1,4 27,4

As seen from the table, the obtained data differ considerably. On
the one hand, already on May 9 the content of cesium-134 at a
depth of 100 m was half of its content in the surface layer. On
the other hand, in October-November at the same depth cesium-134
content was less than 0.06 from that in the surface layer taken
as a unit. The content of cesium-134 at a depth of 200-240 m in
July-August, according to one data , was 0.3-0.5 in relative
units from the surface layer content, and according to the other
ones, in October-November it was less 0.06 in the same relative

units.

The difference in the results may be explained by many reasons.
The sampling in May coincided with the growth of plankton, which
was intensely absorbing radioactivity. The dead particles of
plankton were sinking 1lower, causing the penetration of
radicactive cesium into deeper layers of water. That was why
cesium was found in deep water. At the same time there 1is a

possibility of errors due to methodology. When sampling in deep
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layers, the sampler was passing through a contaminated surface

layer and the contamination was introduced in the sample.

In the Gulf of Finland in June, 1986, in the bottom layer of a
point 34 m deep, there was about 1/3 of the surface amount of
radiocactive cesium. In August 1in the same region a uniform
distribution of contamination at a 30 m layer was already
observed. In regions with greater depth there wasn't observed

uniform distribution in August either.

In the Bothnian Sea a lowering down of the radiocactive cesium's
content was appreciable at a depth of 40 m in October-November,
1986. Within the 1limits of the upper 0-20 m the content of
radiocactive cesium was uniform. In the Gulf of Bothnia
radicactive cesium was distributed practically uniformly by all

the layers.

On the whole, in spite of extensive information on the depth
distribution of radicactive cesium, the obtained data are often
hard to compare. Doubtless 1is the very fact of an intensive
penetration into the deep water layers of the radioactive
contamination that has fallen out on the water surface. The rate
of the contamination's spread into the deep water layers 1is
different in different parts of the sea. The arising distribution
of radionuclides 1is unstable because there are "spots" of
increased contamination that gradually disperse in the sea., Some
data on the depth distribution of radiocactive cesium need
refinement. Nevertheless, the obtained material shows that the
radioactive contamination fallen out on the surface of the Baltic
Sea, in half a year reached the bottom water layers practically
on the whole water body of the sea. In many shallow-water areas
it took only 1-2 months, sometimes less. Finding radioactive
cesium of Chernobyl origin in bottom sediments is a confirmation
of the contamination's penetration throughout the whole water

depth of the sea in such a short time.

The results of studying the bottom sediments of the Baltic Sea in

1986 are presented in a number of works | 2, 6, 7, 9, 10 |. 1In
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the northeastern part of the Baltic Sea Proper at a depth of 166
m in mid-June there was noted cesium-134 in the 1lst cm of the
bottom sediment; however, it wasn't found in the same place in
October| 6 |. In August and October cesium-134 was determined in
the bottom sediments of the Bothnian Sea and the Gulf of Finland
| 6 |. In the Grelfswald Bay in July 1986 radioactive cesium from
the Chernobyl NPP accident was determined in the upper 3 cm of
the bottom sediment | 7 |[. In June a mixture of cesium~134 and
cesium-137 was determined in the bottom sediments at depths of
63-109 m in the southern part of the sea | 9 | . In September in
the Baltic Sea Proper in the layer 0-2cm of bottom sediments
cesium radionuclides were determined in the following amounts:
cesium-134, 7 Bg/kg of dry residue, cesium-137, 14 Bg/kg of dry
residue | 10 |. Cesium-137 content was determined in the layer
0-3 cm of the bottom sediments in different parts of the sea
| 2 ], but it isn't clear from the presented data which traction

of cesium~137 is related to cesium~134 with the ratio 0.55.

Thus, the fact 1is established of the radiocactive cesium of
Chernobyl origin depositing into the bottom sediments o¢f +the
Baltic Sea. To determine the mechanism of penetration 1is a
research problem. Important information is provided by systems of
"traps" used mainly in the vicinity of NPP's | 4, 6, 10 |. In the
course of penetration of radioactive cesium from the water mass
into the bottom sediments, a certain part is played by the
suspended matter and its quantity (Water turbidity). According to
reference | 4 |, in the Gulf of Bothnia about 5% of radiocactive
cesium in water is bound with particles , while in the Bothnian
Sea, only 1%. Analogous studies in the water of the Koporie bay
of the Gulf of Finland showed that 2% of radiocactive cesium is
bound with suspended matter]| 10 |. Evidently, observations of the
process of radicactive cesium's sedimentation on the bottom under
the conditions of the arisen increased contamination of the
Baltic Sea become the most essential in the complex of further

studies.

Cesium-137 that drifted to the Baltic Sea region as a result of

air transport from the site of the Chernobyl accident, added to
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the global one and like the latter entered all the links of the
ecological chain. In a short time cesium-137 in combination with
cesium-134 was registered practically in all the biological
objects of the Baltic Sea | 1, 6, 9, 10 |. The arising
radicactive contamination was reacted to by the plankton and

algae, in particular, Fucus.

Characteristic for these fixators of contamination is their fast
response to an increase of water contamination: a sharp growth of
radionuclide content in biomass is observed, and then, a decrease
in line with the decrease of the water medium contamination. In
fish taken from the Baltic Sea, radionuclides were also found, in
particular, cesium-134 and cesium-137. The content of radiocactive
cesium in fish is largely determined by the accumulation effect.

There is also a species dependence.

The radiation situation in the Baltic Sea is substantially
influenced by river discharges. Under the conditions of an
increased contamination of the Baltic Sea, the contamination
level of the river waters acquires a particular significance. The
main bulk of the river discharge takes place in the eastern part
of the sea and mainly in the gulfs. In reference | 11 | there are
the data on the radioactive cesium content in the waters of the
largest rivers discharging into the Baltic Sea from the territory
of the USSR. The main part of the information concern July, 1986.
In that period the activity concentration in the water of the
Soviet Baltic rivers varied within the limits 16-76 Bq/m3. The
data on cesium-137 content in the waters of the Neva and the
Narva rivers were obtained in May, the cesium-137 activity
concentration being 240-290 Bq/m3 in that period. A repeat
determination in December, 1986, showed a decrease of the
activity concentration of cesium-137 in the water of the Neva

river down to 10 Bq/m3.

In Finland 5 large rivers discharging into the Baltic Sea are
under constant monitoring. In 1986 the sampling was done in May,
August and October. Greatest values of the activity concentration

of cesium-137 and cesium-134 took place in May, especially in the
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waters of two rivers: the Kymijoki river that discharges into the
Gulf of Finland, and the Kokemdenjoki river discharging into the
Bothnian Sea. The activity concentration of cesium-137 in those
rivers reached 1900-2500 Bq/m3 in May, then decreased to 510-930

3 . *)
Bgq/m~ in October ’.

As it has been said, the main attention in studying the radiation
situation in the Baltic Sea in 1986 was paid to radioactive
cesium. Nevertheless, in some cases other nuclides were also
determined. It was found that the fallout of strontium-90 into
the Baltic Sea region was insignificant, therefore the increase
of its content in the waters of the sea didn't exceed 10-30% from
the global level.At the same time there is information that there
were in the atmospheric fallout individual particles with high
contents of strontium—QO**). The determination of plutonium-
239,240 carried out in November, 1986, practically on the whole
water body of the sea, showed the activity concentration of
plutonium-239, 240 to be from 0.003 to 0.036 Bq/m>. The upper
limit is higher than the one of the previous years***), but only
in 3 points out of 15 that the volume activity of
plutonium-239,240 was over 0.02 Bq/m3. The determination of other

transuranic elements was also carried out.

No increase was noted of tritium content in the Baltic Sea waters
in 1986. Although iodine-131, ruthenium~-103 and 106,
tellurium-132 did occur, the increased radiation background
created by them wasn't a longtime one because of relatively short

half-lives of the said radionuclides.
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Radioactivity of surface water in Finland after the Chernobyl

accident in 1986. STUK-A60. June 1987. Helsinki, Finland
* %
) Radiocactivity of wet and dry deposition and soil in Finland

after the Chernobyl accident in 1986. STUK-A57, June 1987
* k%
) Study of radiocactive materials in the Baltic Sea.

IAEA-TECDOC-362, Vienna, 1986
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Thus, the change of the radiation situation in the Baltic Sea was
practically completely determined by the fallout of radioactive
cesium, the atmospheric fallout of which couldn't be measured
immediately on the surface of the sea. The determination of
radicactive cesium in the Baltic Sea waters indicated only the
consequence of the atmospheric fallout. That is why the attempt
to reconstruct the picture of the radioactive fallout by the
radioactive cesium distribution in the water masses, undertaken
in work | 4 |, is undoubtedly noteworthy. The calculation made
use of the results of numerous determinations of radioactive
cesium in the water masses of the sea, the activity ratio of
cesium-134/cesium-137 characterizing the contamination's
Chernobyl origin, the hydrological characteristics, the data on
the temperature and salinity of water. As the result a picture
was obtained of the distribution of the cesium-137 fallout on the
surface of the Baltic Sea in the period of the end of April-May,
1986. It is presented in Fig. 4. This picture has been completed
with the calculated values of cesium-137 fallout in the eastern
part of the Baltic Sea Proper and in the Gulf of Finland,

obtained on the basis of reference | 11 |.

The obtained evaluations should be considered as preliminary
ones; they may and must be specified, completed and possibly,
revised. The data used for calculation were obtained at different
times, the observation period covering half a year since the
moment of the contamination's ingress. In this time, as has been
said above, spatial changes took place. The radioactive "spots"
arisen as the result of atmospheric fallouts partly washed out
and displaced. But on the whole the obtained picture seems
rational. For comparison in Fig. 4 there are given the data on

the radioactive cesium fallout on the territory of the Baltic
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. *_'k***)
countries, taken from works | 1, 9 | .

In conclusion it should be noted that in the period under
consideration the Baltic Sea States obtained a great deal of
valuable information enabling to characterize the radiation

situation that arose in the Baltic Sea in 1986.

Environmental gamma radiation measurements in Finland and the
influence of the meteorological conditions after the Chernobyl
accident in 1986. STUK-A65, June 1987, Helsinki, Finland

**) I. Vintersved et al. IEEE Transactions on Nuclear Science.
Vol. NS-34, N 1, .p 590-594, February 1987. (Early measurements
of the Chernobyl fallout in Sweden)

) Radioactive Fallout; Results of observation in the region of
Leningrad in the first half year 1986. Submitted by USSR. STC
13/4/19. 15 September 1986

*EEE) Th. Henriksen, G. Saxebgl. University of Oslo, Department
of Physics, Report 87-24., 19.08.1987. (Fallout and radiation

doses in Norway after the Chernobyl accident)
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THE DISTRIBUTION OF THE CHERNOBYL FALLOUT OVER THE BALTIC SEA
AND ITS CHANGE DURING 1987 AND 1988 IN SEAWATER

Hartmut Nies
Deutsches Hyvdrogvaphisches Institut
D-2000 Hamburg 36
Federal Republic of Germany

Introduction

Artificial radicactivity din the XNorth Sea and the Baltic Sea has
been studied for many years by the Gerwan Hvdrographic Institute.
The main sources of radicactivity in these two seas have been
global fallout by nuclear weapon tests mainly in the sixties, and
liquid discharges into coastal waters from the European repro-
cegsing plants, primarily at Sellafield (Irish Sea) and La Hague
{English Channel). This contamination has been transported into
the Baltic Sea from time to time through the Danish Straits due
to the prevailing current pattern of the North Sea. From around
1975 up to 1985 the activity concentration of 127¢Cs in the Baltic
Sea correlated with the salinity according to the changing
discharges from Sellafield (TAEA, 1684). The 137Cg activity
concentration decreased from the Kattegatt to the Bayv of Bothnia
according to decreasing salinity. 9°98r did not correlate in this
way with the salinity.

The serious accident at the nuclear power reactor in Chernobvl in
April 1986 changed this situation cowpetely. Large guantities of
radicactivity were released into the environment and deposited
over all areas of Europe. Part of these releases also reached the
marine environment of the YNorth and Baltic Seas. Due to its
special geographical nature as a semi-enclosed shelf sgea, the
fallout into the Baltic Sea will remain for the vears to come,
whereas the initial Chernobyl input 1into the YNorth Sea was
transported from the YNorth Sea area and diluted along the
Norwegian coast (NIES, 1989).

Chernobyl Fallout over the Baltic Sea

The accident at Chernobvl releagsed a great number of artificial
nuclides into the environment. such as '237Csg, 134Csg, %08y, 937Zr,
‘JSNbI 99‘_\1(:)' IOSRHI IOSRUI llOmAg’ JZQmTe, 1311’ 1321‘6, 14OBa’
talCe, '44Ce, 239Np, and 242Cm. Most of these nuclides have short
half-lifes of only a few davs and therefore have had no impact on
the marine environment. However, the most important long-lived
nuclides of this fallout were !'37Cs and 134Cs, which provide us
with the possibility to identify the Chernobyvl contribution by
its characteristic fallout activity ratio 134Cs/'37Cs of about
0.5 in April 1986. The two vears half-life product !34Cs was not
present in the Baltic Sea before the accident at Chernocbyl.

The atmospheric input of the Chernobyl fallout led to a patchy
distribution in the water of the Baltic Sea, which was the result
of the different intensity of the atmospheric precipitation.
First samples o©f seawater from the Baltic Sea were taken shortly
after the the accident in the Baltic Proper Dbetween 29 April to
14 May 1986. The lhighest values of 137(Cs between 100 and 240
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Bg m~? could be measured 1initially after the input at the sea
surface, before vertical mixing of the contamination started
dilution (STUK, 1987a; DHI, 1987). A few davs later the surface
concentration in the southern Baltic resulted in values between
40 and 100 Bg m~?*, while in the Gulf of Kiel and Libeck Bight
values between 230 and 1090 Bg m-3% 1!137Cs were determined, which
is indicative for higher areal deposition in this area due to
washout of the atmosphere by rainfall.

An investigation for the same area was repeated from 4 to 11
June. Meanwhile the values had decreased to activity concen-
trations of about 40 to 50 Bg m~3%® in the Baltic Proper east of
Bornholm. In the Gulf of Kiel values between 160 and 200 Bg m-3
for !37Cs have been measured (DHI, 1987). In fig. 1 the temporal
development of the activity concentration of 1!137Cgs and °°Sr 1is
presented (NIES and WEDEKIXND, 1687).

The strong halocline in the southern part of the Baltic Sea
limited the complete vertical mixing of the Chernobyl contami-
nation. Beneath the halocline, which lies in a depth of 10 to 60
i, no Chernobyl derived nuclides have Dbeen ascertained. However,
a sample of water close to the sediment in 76 m depth showed a
significant contribution of '?4Cs, which is a result of the rapid
particulate transport through the water column (KEMPE AXND YNIES,
1987).

A surveyv of the entire Baltic Sea was «carried out in inter-
national collaboration in October 1986 with the German RV GAUSS.
Water samples were collected at 94 positions at different water
depths. The samples were analyvsed for 137(Csg, !'34Cs, and °°Sr. A
selected number of samples were also analvsed for Plutonium,
Americium and Curium isotopes. However, the Chernebyl impact can
be recognized unequivocally by the !'34Cs activity concentration.
Figs. 2 and 3 represent the horizontal and vertical distribution
of 137Cs  in seawater during October/November 1986 in different
areas of the open Baltic Sea. The concentration of the isotope
134Ccg is  about half the values of those described in figs. 2 and
3 according to the fairly constant activity ratio of these two
igsotopes in  the Chernobyvl fallout. The investigation with RV
GAUSS represents the values from the open sea. In coastal waters
of Sweden and Finland higher levels were measured for longer
periods due to the limited mixing in these shallow waters (STUK,
1987a).

It 1is obvious that the levels of contamination are quite
different in different regions. The highest values were found in
the southern part of the Bothnian Sea. The surface water west of
the Aaland Isles had an activity concentration of about 900
Bg m-3 for 1'37Cs and 4150 Bg m-3 for '%34Cs. The values decreased
northward in the Gulf of Bothnia and southward to the Baltic
Proper from that position. The sgurface concentration in the
Bothnian Sea lay between 500 and 800 Bg m~?®*, in the western part
of the Bothnian Bay from 100 to 180 Bg m-3 and in the eastern
part from 20 to 40 Bg m-®. In southward direction the activity
concentration decreased to 250 Bg m~3 137Cs in the area of 0land
and Gotland. The samples of surface water from the southern
Baltic Proper between the Danish Igles Moen, Bornholm and Bav of
Gdansk contained around 30 to 40 Bg m-3 137Cg and 10 to 20
Bq m~3 134Cg. The distribution of !'37Cs and '%4Cs in the surface
water of the entire Baltic Sea is presented in figs. 4 and fig.
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5, respectively. These figures are computed by using the
positions of the mesurements and interpolating the concentrations
of the areas between these data points.

The structure of the Chernobyl fallout distribution in the Baltic
Proper is not veryv well resolved, because the range of the
concentration is too large. However, the structure of the high
contaminated area 1in the Bothnian Sea reveals some very
interesting features. The picture does not represent the initial
fallout distribution in Mayv 1986. It shows a distribution in

which both the small range "spottiness" half a vear after the
input has been equilibrated and contaminated water has been
transported in the different subregions according to the

prevailing currents. The highest values in figures 3 to 5
coincide well with the relative levels measured on land in Sweden
{Sveriges Geologiska, 1986; SMHI, 1986) and Finland (STUK,
1987b). Higher 1levels are still to be found in the Gavie
district, which received areal deposition of up to 120 KBg m- 2
{Grimds et al., 1986). In the eastern part of the Bothnian Sea a
tongue-shaped pattern into northward direction can be identified
in figs. 4 and 5. This obviously reflects the fresh-water run-off
from the Finnish river Kokemdenjoki, whichh drains the high
contaminated area 1in Central Finland. The river itself carried
also a higher Cesium concentration than the other Finnish rivers
(STUK, 1987c). This pattern follows the general water circulation
of the Bothnian Sea.

In a southward direction ¢ontaminated water was already trans-
ported southward from the Aaland Sea into the Baltic Proper. The
increasing concentration field in eastern direction of the Gulf
of Finland 1is not necessarily realistic, because the number of
data points do not resolve this region sufficiently.

The contribution of the nuclide 9°28r in the Chernobyl fallout was
rather low. If one uses the ?°Sr-values from previous vears, one
obtaing a Chernobyvl activity ratio °°8r/137Cs of 0.010 to 0.013
in the water samples of the northern Baltic Sea. Fig. 6 shows the
distribution of °°8r in the surface water six months after the
dccident. The distribution is very similar to those in figs. 4
and 5. The same phenomena both of water movement southward from
the Aaland Sea and of river run-off in the eastern part of the
Bothnian Sea can be recognized in much smaller concentration as
already demonstrated for the isotopes 124Cs and t37Cs. The lowest
values of °98%r are determined also in the northwestern positions
of the Bay of Bothnia.

Regarding the depth penetration of the Chernobyvl fallout, one can
establish that the fallout has completely reached the bottom
water in the Bayv of Bothnia (fig. 3). Even higher concentrations
than in surface water can be detected in samples close to the
sediment. This is due to the weak density gradient bhetween
surface and bottom water. However, the concentrations of 137Cs
and 1!'?%4Cg in the Bothnian Sea decrease with increasing depth.
Significant amounts of '34Cs could be measured below the
permanent halocline.

In the Baltic Proper the sgstrong halocline impeded the pene-
tration o©of Chernobyl derived Cesium into lavers Dbelow the
halocline {(fig. 2), which lies at a depth of 40 to 60 m, whereas
the fallout has reached the bottom in the shallow western Baltic.
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In August 1987 the investigation of the entire Baltic Sea was
repeated with SWRV ATAIR, in order to trace the changes of the
contamination. As can be seen in figs. 7 to 10 the activity
concentrations in the Aaland Sea and the Bothnian Sea dropped
within the nine months, but the highest concentrations were still
to be found in the same areas as 1in 1986. The maximum surface
concentration of '37Cs and !13%4Cs in the Aaland Sea was about 400
Bg m-3 and 140 Bg m-3, respectively. Due to surface water
transport from the northern Baltic Proper 1into the southern and
eastern Baltic Proper, the values increased in the areas of
Bornholm and the Gdansk Bay to about 100 Bg m-3 for 137Cs. Now
the fallout was also detectable below the halocline.

The concentration 1in bottom waters of the Bay of Bothnia were in
general higher than the surface water, which reveals the penetra-
tion of contaminated water from the Bothnian Sea into the deep
lavers of the Bay of Bothnia. The c¢yclonic movement of water in
the Bayvy of Bothnia 1led furthermore to elevated concentration in
the western part of this sea area.

The minimum concentration in the western Baltic was detected in
April 1987 (fig. 1). Since then slightly increasing concen-
trations have been ascertained. The results of the investigation
in August 1987 demonstrate the general movement of the conta-
minated water, following the general circulation of the Baltic
Sea.

The results obtained from samples in 1988 showed no big dif-
ference to those from 1987. A few samples could be analvsed from
a cruise of RV GAUSS in Mav/June 1988 through the entire Baltic
Sea. Thege data are given in Table 1. The highest activity
concerntration was determined in the southern Bothnian Sea.

Position t37Cg 134Cyg
Bg m- 3 Bg m-?3
57°05'N 11°413'E Kattegatt 78 20
55200'N 14°05'E west of Bornholm 113 31
54°52*'N 19°08'E Gdansk Bay 94 25
57°07'N 17°10'E west of Gotland 132 1]
60<11'X 19°09'E Aaland Sea 295 87
61°05'N 19°35'E Bothnian Sea 316 98
62°49'N 19°59'E Bothnian Sea. 272 T4
64°18'N 22°21'E Bay of Bothnia 118 36
56°50'N 24°50'E Gulf of Finland 153 18
59202'N 21°05'E Baltic Proper 137 40
57*17'N 19°15'E east of Gotland 115 36
Table 1 ) , )
137¢s agnd '34Cs (Bg m~?) during a crulse with RV Gauss,
20 May to 2 June 1988

The analysis of water samples of a cruise with SWRV ATAIR in
April 1988 to the western Baltic revealed the slow increase of
water activity in this part of the Baltic and the Kattegatt
(Fig. 11). This is due to the outflow of low salinity surface
water, which carries a higher activity concentration from the
northern Baltic Proper. The increasing mixing of Chernobyl
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derived Cesium below the halocline can be observed in the samples
taken close to the bottom in the area of the Island Bornholm.

The temporal development of the activity concentration of 137Csg
and °%°Sr during 1988 and March 1989 at the three positions
Schleimindung, Fehmarn Belt and Libeck Bight in the western
Baltic is presented in fig. 12. The development of the concentra-
tion is not unequivocal. The lower values in  December 1988 at
these three positions are connected to higher salinity in the
samples, whereas the position "Schleimundung" seems to be the
most sensitive one for salinity changes.

Conclusion

The investigations initiated after the accident of the nuclear
power reactor at Chernobyl revealed a considerable increase of
artificial radiocactivity in the Baltic Sea. The fallout was very
unevenly distributed. The highest deposition occurred in the
gouthern part of the Bothnian Sea.

The most important nuclides, which can be determined for a longer
period, are !'37Cs and !'34Cs, which were released from Chernobyl
in an activity ratio 134Cs/137Cs of about 0.5. By means of this
ratio the Chernobyl derived Cesium can be 1identified, because
134Cs was not detectable 1in the Baltic Sea before the accident.
The contribution of the nuclide °9°Sr in the fallout was rather
low, but measurable.

Since the time of deposition the study of the highly soluble
Cesium ideopes in seawater gave the opportunity to comprehend
the water}| movement within the different regions of the Baltic
Sea. Additionally, the vertical mixing of pollutants through the
permanent halocline could be investigated, because the input took
place from the air. The change of the concentration of Chernobyl
derived Cesiumisotopes indicate a water mass transport as is
presented in fig. 13. This figure does not present guantitative
residual currents, but it describes qualitatively the water move-
ment, deduced from the data obtained since 1986. This figure is
comprehensively consistent with oceanographic conceptions and
models of the water transport in the Baltic Sea (e.g. Kielmann,
1981; SMHI, 1984). Small-scale eddies can, of course, not be
resolved by these considerations. The data of Radiocesium
obtained by different countries since 1986 could provide an
exellent basis for validating numeric hydrodynamic wmodels of the
Baltic Sea.

Radiocesium does not behave completely conservatively 1in
gseawater, which implies some adsorption to fine grain sediments
in the Baltic Sea. This will reduce the inventory within the
water column.
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Figures

H. Nies
The Distribution of the Chernobyl Fallout over the Baltic Sea and
its change during 1987 and 1988 in Seawater

Figure 1

Temporal course of the activity concentration of 137Cs and 9°Sr
for the years 1970 to 1987 at the position Schleimindung in the
western Baltic

Figure 2

Activity concentration of 137Cs ({Bg m~3) 1in seawater at the
positions in the southern Baltic Sea.

RV GAUSS, cruise 91B, 14 October to 03 November 1986

1. value - surface water

2. value - 20 m depth

3. value - 30 m depth

4. value - 80 m depth

last value - sample close to the seabed
Figure 3

Activity concentration of '37Cs (Bg m-?) in seawater at the
positions in the Gulf of Bothnia.
RV GAUSS, cruise 91B, 14 October to 03 November 1986

1. value - surface water

2. value - 20 m depth

3. value - 40 m depth

3. value - 80 m depth

last value - sample close to the seabed
Figure 4

Activity concentration of '37Cg (Bg w-2?) in surface seawater of
the entire Baltic Sea.
RV GAUSS, cruise 91B, 14 October to 03 November 1986

Figure 5

Activity concentration of !'34Cs (Bgq w-%) in surface seawater of
the entire Baltic Sea.

RV GAUSS, cruise 91B, 14 October to 03 November 1986

Figure 6

Activity concentration of *9Sr (Bg m~?) in surface seawater of
the entire Baltic Sea.

RV GAUSS, cruise 91B, 14 October to 03 November 1986

Figure 7

Activity concentration of 1?7(sg {Bg m-3) in seawater at the
positionsgs in the southern Baltic Sea.

SWRV ATAIR, cruise 2, 4 August to 1 September 1987

1. value - surface water
2. value - 20 m depth
3. value - 410 m depth
1. value - 80 m depth

last value - sample close to the seabed
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Figure 8

Activity concentration of 137Cg (Bg wm-®) 1in seawater at the
positions in the Gulf of Bothnia.

SWRYV ATAIR, cruise 2, 4 August to 1 September 1987

1. value - surface water
2. value - 20 m depth
3. value - 40 m depth
1. value - 80 m depth

o o

last value

sample close to the seabed

Figure 9

Activity concentration of '37Csg  (Bg m~3) in surface seawater of
the entire Baltic Sea.

SWRYV ATAIR, cruise 2, 4 August to 1 September 1987

Figure 10

Activity concentration of 134Cs (Bg m-?) in surface seawater of
the entire Baltic Sea.

SWRV ATAIR, cruise 2, 4 August to 1 September 1987

Figure 11

Activity concentration of !'37Cs (Bg m~3) in seawater of the
western and southern Baltic Sea.

SWRYV ATAIR, cruise 4, 5 April to 11 April 1988

1. value - surface water
last value ~ sample close to the seabed
Figure 12

Temporal development of the activity concentration of '37Cs and
90Sr (Bg m~23) at three pogitions of the western Baltic in 1988.

Figure 13
Qualitative water mass transport in the Baltic Sea as deduced
from radiocactivity measurements since 1986.
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Activity concentration of 137Cs (Bg m-3) in seawater at the ) cyné;
positions in the Gulf of Bothnia. ' OB“; 1ad
RV GAUSS, cruise 91B, 14 October to 03 November 1986 > ¢
1. value ~ surface water o
2. value - 20 m depth
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l 4. value ~ 80 m depth 29
[ iast value - séx;u;le close to the seabed
Hi65°
5
) Hd30
; Heac
[
: Hrl 30
H ‘l 65
Pt [
N{4 ¥
{7 497 H
Hornbeand " ’222 [
m %, .,
2499 60 0621 i
d ‘ A1 Kaskinen i
i ’; i
F 24 E
E H
- L 480 660 Esz‘
B "~ .616 246
y P E
1 ¢ 625¢ !
2 X .\v
o' ! vod
H ."D
H 533 88 HI,
; 298 *547 '810 i
! 3 R 1
: o - ." :
i X 771 ") H
¥ & "
¥ ' . 1
H de 499 T haume i
0 ¢o 493« !
; 486 - 61
[ 102 * 3 :
v 652 12 542 N f
*400 ‘3 E},-, } Ussikaupunki
E
E 30
o
HELSINK!
7 g
ﬂl.;%_“smeaigéﬁo
24 25°



—42-

TTITEr T e e rrT

21¢ 22* 23° 24° 28 26% 27* 28* 29* JO°
T Seansrmi=-ra

SmermsaBmEua:

..... 56

&86° T IO e T rrT

oy |

63°H

82°H

o e s s '

7O S s iy s 2 s

59°

57

56°

55"

18* 1g° 20 217 22°

S ARG ST N

%

Y

23~ 24"

25 26° 27

H

[

Hi 65

M E3"

Hi S 2%

Ht S9°

HiS7°
s6*

HiS5*

Mercator—Projektion
Bezugsbreite:” 61° N

0 100 200
Figure 4

Activity concentration of t37Cgs
the entire Baltic Sea.

RV GAUSS, cruise 91B,

(Bg m-3)

in

surface seawater of

14 October to 03 November 1986



100 11

—43—

120 _13* 14* 15 16° 17° 18 19° 20° 21° 22° 23° 24% 25+ 26° 27¢ 28% 29+ 3I0°
Tt TTTTT oSS rssanacan o Ty

e

56 T EeewEsmLmeman e T

4]

100

150

Figure 5

Activity concentration
the entire Baltic Sea.
RV GAUSS, cruise 918,

250

1200

of t34Cs

LAY

&)
QY

Tty oy ey &6

Hese

63~

Hf 62

H{ S9°

1 P

HES 7

29+ 30°
Mercator—Projektion
Bezugsbrelte:” 61* N

300 350

(Bq m-3)

100 450

in surface seawater of

14 October to 03 November 1986



—44-

© 0 ¥ " N - o) & o i [ o ¥
.0 ] ] @ ] Q 3] 2] 0 ') 0 1] 0
S e e e e s v o s e e S e e S e e o e e e o e e e e e e = s S S S s 5 (8]
[2] .EmN
2.
5 %o
o

Mercator—Prof
Bezugsbrelte

= ../V/././/
.

N
3 ///%/,%M/me

6
ty concentrat

Figure

seawater of

-

surface

n

i of °%9Sr (Bq m-3) 1

ion

ivil

Act

Sea.
91B,

Baltic

the entire
RV GAUSS,

November 1986

14 October to 03

crulse



~ 45—

Ny N

Ca v

L
= ecen TR ey, s ==

. ——

33

&

3

1 8
W

L

b
"

S

2

yadep w 08 -
yadep w op -
yjdep w 0z -
J231EM 3DBJaUS -

L8617 Iaqueideg T O3 3IsNBNV F

‘g asInao

anieA 3sel
anyeA °f
sniea ¢
sniea g
anTea °1
‘YIVIV AMMS

*e8g OF3TeE UJIIYINOs 2yl ul suoriisod

8yl 3B I23eMEAS Ul (¢.Ww bg) SD.c7 IO

UOTIRIJUSDUOD KRITATIOV

L eInb1g
A ¢ 9g
Wmm. b ge®
T 8 L0}
6y O™
601 L -
ov 91l .
.| B i) g po
£0lL vao mrwo
95,
{ 7
(e
80
el z2® oe

L

swhegg

4 493288H



Figure 8
Activity concentration of '?7Cs
positions in the Gulf of Bothnia.

SWRV ATAIR, cruise 2, 4 August to 1 September 1987

1. value - surface water
2. value ~ 20 m depth
3. value - 40 m depth
4. value - 80 m depth

last value - sample close to the seabed

Ornekildavik

{Bq m-2%)

b g” o
C
[
P
15
r
»r
54’:
B4 J
r
r
33°
C
o
o
r
9
b 78"
o
r
r
o
r
r
82
rn
9]
4
k74
L
0
"
M
"
o
9
61°f
2]
K
o
h

‘I‘V—YYYYKYIX"VJXI'.a.J

60°

o

CILES R S s === el

HELSINKI

Y

i e i e G 0y U i o 1 D 0 S D D g A ¢

T LT

y ot o o wm s

S 3 2o B o e o e O 0 8 0 0 o o

30T I G I S T T T T L O TT T X

9

Tt
. 4,
.
-
- i

ey WA |

B i



—47-~

16 17° 18° 19° 20" 21* 22 23° 24° 25° 26~ 27 28* 29 30°

LTI LLYTYIT I LTI LI IIITTrres 66.
&5°
64
534 gjsa-
b
82} N 52*
I {5
61+ 5 61"
1 53
leld 4 >Weoe
H »Eﬁ&
| R
K
59° @ 59
R ; i
2
s58° s8¢
L]
57- ( 57+
55° 56
550 3 ’ 550
54 v T T e E e e e Ty oy YTy Pl ymptnt pp g Hll S 40

:;O' 11° 12% 13* 14° 15 18° 17 18° 19 20° 21+ 22° 23 247 25° 26 27* 26° 29° 30~
Mercator—Projektion
Bezugsbreite:” §1° N

0 | | 250 300 350 400 450 500

Figure 9
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Figure 12
Temporal development of the activity concentration of !37Cs and
sosr (Bg m-23) at three positions of the western Baltic in 1988.
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from radioactivity measurements since 1986.

\ mam om w am am

I o s

10° 15° 20~ 25°




52—

THE RESULTS OF DETERMINATION OF sy, 'S4cg
anp '37cs IN THE WATER OF THE BALTIC SEA
IN 1988.

Gritchenko Z2.G., Ivanova L.f,, Orlova T.E.,
Tishkova N.A., Toporkov V.P.,, Tochilov I.I,

V.G.Khlopin Radium Institute, Leningrad, USSR.



-53—

Gécotzz ociL Ll 61 L0°92 1€Lo2 L 188 oV €6-¥ssn
GcFoLe Gzl 0 61l L0*92 i€logl 182076 £6=ussn
0fc+0‘glL 2lsl 0z 22 L0*9z WLyo2l NS 257 2G=93sn
0fcFOLL €ré6 0 2z L0°9z WA 1€V 0¥ 2G=-ussn
0¢cF0‘s1L €601 o a¥ L0°92 1000t L 1000666 LG~¥ssn
¢c¥ooz 9t g 0 oY L0°92 100071 100066 LG=ussn
G*¢¥otoz 29°s 08 4= Lo°gelL €608 4 0€ 066 0G=¥3SN
0fc¥0‘61 ov¢s 0 s L0*81 1€6081 4 0€ 066 06-¥ssn
GcFotLz 2201 001 0zt LO* Lt i LobL 190096 9¥-¥ssn
0¢CF061L 928 0 0zl L0°L1L 7106l 190096 9y-assn
0“CF0*61L WANNY 002 0€2 L0°€L 1£0002 102016 GL=xd
cécrofoz VL. 0 0€2 LO°C1L 1 £0002 1020L6 GL=Xg
0¢¢¥otgl 026 06 96 L0°2L 16602 100686 9-uSSN
0¢c+0glL 86°¢L 0 96 L0°21L 167002 100086 9-¥SSn
0¢C¥0“LL taALe 001 GOl L0z 160012 120066 8z=Ad
G CFotoz AAD) 0 GOl L0*21L 160012 120066 8z-xd
Jadoag Beg oTaT8BE
ME\UM oo\o u w ‘ypdop g *3uog N *3e7
‘ysdep J978BM 91.8p 9118 JupTdues X9pUuT

pmom ‘Letutreg Jurtdusg Treterg Jurtdusg 93 JO §93BUTPIOO) oTdueg

8861 UT BOSIT4TRG U JO J9BM OU3 UT

ﬁmom JO UOT3BILUSOUOYD *| 9TqBJ



—-54—

GE¥04ze G6°L 04 G9 L0O* LO 1000L2 1 LG 065 G=gssn
0¢v+occz L6¢Y 0 ¢9 L0* L0 10006L2 1 LG 066 ¢-ussn
Gé¢Focoz Ay} o€ 149 L0°90 166012 161009 61L~4ssn
Gcrotez ov ¢y 0 149 L0°90 1660L2 161009 61=-4SSn
GécFot Lz €Gée 0 0z 60° Y0 1£2082 12€009 81=uSsn
o‘v+0¢ce vy G2 82 80°90 V€082 166066 ¢L=-ussn
o‘v+ofce Ly 0 82 80°90 1 7€082 166 066 G1L-45sn
o*v+oce 60°¢ 0 o€ 60°L0 i L7082 121009 y1-gssn
0fv¥otce 80°%¢ o€ 13 80°90 16082 120009 €1=-¥88n
0‘v+o€e a2ty 0 G€ 80°90 16082 120009 €1-yssn
0‘9¥0ve €Céy 02 o€ 80°90 1 £0062 120009 z1-ussn
Gécrotee 22ty 0 o]4 80°90 1£0062 120009 ZL-ussn
Gécrotez ¥G ¢y qz 82 80°0L 102062 160009 OlL-¥ssn
0‘CT0%61L 06¢¢ 0 82 80°0L 102062 160009 OL=-¥ssn
ofy¥otcz 80¢0 0 “ 80°*90 132G 062 166066 L=¥ssn
G¢yrotle g80‘0 0 4 80°90 18000¢ 196066 €-yssn
PUBTUTL JO JTND
ma\wm °°/o w wéypdep g *3uog N °381
g ‘updep bLR=TY 23ep 2918 Jurrdues X9put
06 ‘Laturres Jurrdusg TrBI2A0 Futrdusg 24 JO ©91BUTPIOOD s Tdweg

°| 9Tqe} SNUTUOD



-55—

0f¢+otal L9tz 0 G L0%G2 paed TBIJUL D LI-ussn
ITn) UYsTano)
GécrotLz Yty 0 €1 80°'82 atxodop Jo LBy 2C=ussn
0*¢+0¢61 SAL 0 02 80°82 ataodop Jo £Bg 82-4ssn
G4C+0¢0z 97y o] Ll 80°82 staodop Jo Leg Lz2=dssn
Gécro 1z GEY 0 L 80°82 atxodop jo feg L2=¥ssn
0¢CF0%6 L 0L6 06 96 LO* L1 1600€2 192 066 L L~gSssh
GéCrot Lz L0%9 0 96 L0 L1 160062 192066 Bt icishl
0fv¥0¢ce 86 ‘e Gl 08 LO*60 LoV ob2 10V 066 ¥z-ussn
G4c+o‘oz 86 Y 0 08 L0°60 L\ OV ot N3« ye-ussn
Gécroéle 96¢¢ 0 08 L0° 10 106062 1 CY 066 g-ussn
PUBTUTA JO JTNH
15 ‘ugdep J99 BM a21.%ep 2718 JurTdues Xoput
06 ‘feturreg JutTdueg TTrBIAQ Jurrdueg a3 JO S94BUTPJIOO) sTdwueg

°| 9TqB} SNUTLUOD



-56-~

22*0 O T LF0VLL ofy+ofse Li 61 L0°9z iClodl 182076 €6-ussn
610 0°L1F0%26 0f€T0¢31L 0 61 L0°92 Lozl 182676 €5-uSsn
6160 0¢gL¥ofLYL 0¢9%0°¢L2 0z 22 L0°92 WAZYA) VEV oG 26~uSsn
1240 0¢GL+0%¢z) 0‘v¥0°gz 0 22 L0°9z LYol i CY oG 2&=-ussn
1240 0“CLFO 0LL o‘vroez ¥ ¢y L0°92 1000V L 1 000666 LG=aSSN
vz'0  0fLLF0fehL 0¢6¥0%¢¢ 0 ¢y L0°92 + 000t L ¢ 00066 LG-¥58N
LEfc 0fgl¥otzCl 0¢9%0° 1LY 08 g .08l 1€5081 L 0£0GG 05=-4¥SSh
$z¢0 0¢zZ1+0c0L 0‘v¥0%g2 0 <8 L0°81 1€G081 1 0€ 066 05 =¥ssn
Yz¢0 o*fLFotceL 0¢9+0%62 001 02l LO*LL ARSI 190096 o9f-ussn
20 cfor*cflzy 0°¢¥0 L2 0 0z 1 LO*LL T 16l 190099 9F=ussn
vz¢c 0¢L¥0%¢q 0¢C+0t¢l 002 0€2 L0*€1L 1£0602 1020l6 G1-Zg
0z¢0 0¢Cz+0%g6L 0¢L¥0¢0v 0 0€z L0°€L 1 20602 102 0L6 GL-Xg
120 0'zZ1L¥0'g6 0°6¥0¢12 06 96 Loz 161002 1 00036 9-u58N
€z*0 0¢LLFO LYY 0¢9F0¢cE C 96 L0°Z1 167002 + 00086 9-ussn
52°¢0 04GL*0CzL 0¢9¥0%z¢ 001 GOl L0o°2l 1G00L2 1200666 82-i4
Lz2*0 0¢12+0°CL1 0¢L¥0¢LY 0 o) L0%21L 160012 120066 82~-Aid
Jodoag weg oTaTed
OLet 80 50 w wyydep I
5 Lel vEL ‘usdep I99.BM 948p 2318 JutTduss X9put
vl mﬁ\um ‘U0 TLBIFUDOUOYD Jurtdueg TregeA( Jurrdueg 29Uz JO S93BUTPJIOO) aTdueg

*886L UT ®B3g 0T3TBE °URF JO

Ja1BM 9L U

TS0

pue 8

~

“hEL

JO SUOTZBJILUSOUOD °Z STUBY



-57 -~

Lz*¢0 0*PL¥0GLL 0f9¥0°¢ 1€ 0S ¢9 L0*LO 1000L2 1 LG 066 ¢=ussn
1240 0¢0zF0°¢CLL 0¢LF0°LY 0 G9 L0°LO 1000L2 1 LG 066 ¢-¥ssn
¢z¢0 0¢02¥0¢L9} 0¢L*ofey o€ 149 L0*90 16G0L2 161009 61-4SSn
Lz%0 0‘LLF026 1L 0¢9F0¢ LY 0 ¢ L0°90 16G0L2 161009 61-4ssn
Lz¢0 0¢6+0°G. 0¢c¥otoz 0 0z £0°V0 1 £2032 12€009 81L-158N
€240 0°g1+0%¢S 0¢9+0%9¢ ¢z 82 80°90 1 7€082 1GG 066 GL=-4¥8sn
¥z'0  0'gLFOfLYL 0¢9F0¢9¢ 0 82 80°90 €082 166066 ¢ L-ussn
gz¢0 0‘¢LFozol 0¢9%0%62 0 o] 60° L0 V17082 121009 yL-¥ssn
gz ‘0 0¢61+0°69L 0¢9¥0¢cy o¢ G¢ 80°90 1617082 120009 g£L-yussn
920 0¢0z+0‘091 ofL¥o‘zy 0 G¢ 80°90 167652 120009 ¢1-4ssn
220 0¢LLF0°0G 1 0fgrotce 02 o]9 80°90 1£0062 120009 Z1=48sn
co 0¢CLFO*YEL 0¢G+0°g¢ 0 ole 80°90 1 £0062 120009 21-45sn
¢z*¢0 0°91¥0%gCL 0¢gF0%ge 62 82 80°01 102062 160609 oL-¥ssn
62°¢0 0‘z1+0°G0L 0¢¥¥ofog 0 82 80°01 102062 160009 OL=588n
120 0‘y¥o¢gl G1L¥8y 0 g 80°90 126062 166 066 L=-¥ssn
Lz2%0 ofc+ofce 0¢2+0%9 0 ¥ 8090 18000€ 396 066 €-¥ssn
puBTUT JO JTNY
*Ore1 50, ¢, 60 u wyydep @ Buor W "4®l
modmr Vel ‘adap T3] BM opm.@ 91Ts Furrdwes XapUT
ms\wm ‘UOCTLIBILUSOUOD Surrdwes TTBISAQ JurTdwrg 8yl JO S93BUTPIOOD s1dueg
°Z @Tqe} oNUTUOD



¥240 G42¥G¢ 46 gtotzéz 0 G L0°Gz paed TBILULD LI-¥ssn
JTnH YFTINOD
L2%0 0‘gL¥o‘zglL 049¥0°¢9¢ 0 €l 80°82 stxodop o £vg Ze=dsen
Ggzto 0*9L%0%¢EL 0°G¥0%¢cE 0 0z 80°82 otaxodop Jo Leg 82=uSsn
£€z¢o 0‘zL¥0‘colL o¢v+oce oL Ll 80°82 a1a0dop Jo LBy LZ=dssn
9240 0'61LF0%1G1L 0¢L¥0%6¢ 0 Ll 80°ge sTaodop Jo £Leg L2=¥ssn
8z‘0 0*6+0%z. o¢y*0f02 06 96 Lo L1l 1600€2 192 066 LL=¥8sn
120 06170191 0¢LFOCY 0 96 LO*11L 1600€2 192 066 LL=-d8sn
620 AR TA 0¢6¥0°g¢ Gl 08 L0°60 1O oV 0V 066 ye=gssa
€20 0¢12+0°8LL 0‘9F00Y 0 08 L0°60 1OV o2 L OV 066 yz-dssn
y240 03170961 049+0°¢ LE 0 08 L0°L0 106062 1€V 066 g8-¥ssn
pusTuUTd JO JT0D
LEL S0)¢1 50p¢)
‘uqpdep T84 BM 91.8p aq1s Jutrdwes Xoput
mo¢m~ ma\wm ‘U0 T BILUDOUOD Suttdweg TTBISAQ gutrdweg oU} JO S383BUTPIOOD sTdueg

°z 9TqB} ONUTIUOD



-59-

*8861

o0y

oS¢

Ut ®B9G OT3TBE 8U} JO JI938M 3U3 UT .ma\wm ‘w073 ea3WRON0D AYTATEOS IS0 *L s

| | .5&5.&5112_ -~ (0)

yssn

L]
(001)12
(0)61

[ ]
(002)61
(0)0z

(02)91 @
(0)Ls
&
AOQWQ—
(0

oo .W

PSS




—-60-

*gg6| UT ®Beg OT}Teg dUj JO J94BM dU3

ut .ma\wm ‘U0 BIJUSOUOD K3 TATEOB mowmr ‘2 °*31d
o 02

w ‘mdep FuyTdwes - (0)
05¢]

ussn

L ]
(002)<%
(0)861

0097




*g86 L PuBs /86L ‘9861 UT

B9ZS O3 1B oUF JO J03BM 90BJIIMS 93 UT .ms\vm ‘U032 BI3USOUOD KL TATLO® 50, ¢,

oy

L

S
0f? Q2 oS!

om ownﬂ_’m

0551

-61-

09

8861 - €0l
wey -~ €6
961 - L8

Sy

5 493288H



—-62-

fade

¥
|

Strontium-90, cegium-134 2ad cegium-137
water reservoirs of the Soviet Union's
Baltic region ( 1986-192g ),
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Study of the Baltic Sea basin'sg
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¢ion, carried out by the V,G.Khlopin Radivwm Ins titut, include,
lides content in the
e

25 a rle, deterrmination

<
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0
ater of rivers flowing in a from the territvory
cn

of the Soviet Uni / 1=7 /. Th

fore the Chernobyl WPP accicent the Baltic river's

3 radioactive
contamination cue to nuclear weaponay te3ts waa determined by
long-1lived radionuclides of glcbal spread: sircniium-350 and
ceziur=137, The zctiviiy ratio of

cesium-137/strontium-90 that
2 1 f global fallout, was 1.7
oy that time, The time variation in the cesium-137/stroniiw-30
activily ratio in river waters iz illustrated by Fig. 1.

o}
H,

The concaenstration cesium-137 in river waters in the 19&0's
3

.L‘l
vas less 1 Bq/mB, and that of girontium-50, about 15 Bg/m”,

A similar distribution of cesium-137 and sirontiurm-90 wa

i 3
observed in the rivera flowing into the Baltic Sea from the

*_l

territory of Pinland / 8 /.

The said fractionation testifies to a sironger fixing of
cecium~137 by soils in comparisgon with strontium-90. Thus, for
a long period till the end of April 1986, Baltic rivers
brought to the Baltic Sea relatively less cesium-137 contami-
nated water, which encouraged lowering of this radionuclide's
activity in the 3zltic Sea water,

The accident 21 the Chernobyl NPP changed the radiztion
situation in the Baltic Sea basin, The radioactive contamination,
due to air transpor®, spread far beyond the Chermnobyl PP area,
in particular northwards, having covered the Baltic Sea w=ter
area and the territories of the Baltic countries / 9 /. Deter-
minations of radionuclides in atmospheric precipitations showed
thatl the main long-lived dose- forming nuclides in the Baltic
Sea region are cesium-134 and cesium-137, whose activity ratio
( cesium~134/cesium-137 ) in the initial period after the
accident was 0.55. According to observations in the region of
Leningrad atmospheric fallout of cesium~137 from the end of
April to the end of May 1986 was 4610 Bq/mz, i.e. the level of
cesium-137 in the region of Leningrad, accumulated as a result
of global fallout, increased 3 times / 10 /. In this situation
a neceasity arose to carry out a broader survey of not only
usually observed Baltic rivers, but also other water reservoirs
directly or indirect¥ly connected with the Baltic Sea, The



orirary task of such a survey was, unconcitionally, dcesiretric
estimetion orf She contarmination level of one ores anovnsr wzier
rezervolr, Trhis ccncerned, Tirst of all, reservoir - sources
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hence in some cases “there are only upper limi
134 and cesium-137 contenss in the tables,

In Fig. 2 there are presented concentrations of cegium-137
in waters of a number of great Baltic rivers in 1985, and the
level that had existed in 1983-1984, In the same Fig., 2 the
permissible concentration of cesium-137 in drinking water for
a limited part of population, accepted in the USSR / 11 /, is
cited for comparison. It follows from the juxtaposition that the
cesium-137 content in the waters of the rivers under considers-
tion, increased 100-200 times as compared to 1983-1984, but
remained by 3-4 orders lower than the permissible concentration.
The content of strontium-30 in the river's waters increased
glightly; a comparison with the reaulte of the previous years
showed that the increase was within the limits of 30% of the
1983-1984 level.

A1l the results of cesium-137 determination in river and
lake waters in the period 1986-1988 are presented in the
map-chart of the USSR Baltic territory ( Fig. 3 ). The obtained
picture of cesium-137 distribution shows that contamination of
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rivers and lakes in the western part of the Balti
less than in the ecstern one, which is the conseq
t ess'" of atmospheric radioac
Chernobyl accident, inother egs
tion of river and lzske wat
the contamination level, Cne m=y expe
radionuclides' content

intensive washing-out

. An attenpt vwas rmade
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e exoerimental da%ta, In view of diff
4
L

y @
the available experiren
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In Fig. 4 and 5 there are presented exnerimental data on
the cesium-137 content in river waters in 1986-1988 and calcu-
lated curves of this nuciide's content variztion.

In Table 3 there are data on the water flow rate in +*he
Jeva river in 1986-1988 / 12 / and obtained by calculation
ricnthly averaged values of the cesium-137 content in the Jeva's
waeter. In the periocd January-March 1986 the concentration of
cesium~137 in the water of the Neva river is aszumed equal
1 Bq/m » proceeding from the data of 13983-1984. Applying the
empirically obtained equation for the first group of rivers, the
digcharge of cesium-137 into the Baltic Sea with the Neva river
viaters in 1986-1982 is calculated. The obtazined result has showved
that abcut 11 TBq of cesium-137 got with the Neva waters into
the Gulf of Finland in the period 1986-1988,

Using the data on the monthly average water flow rate and,
in a number of cases, the annual average data on the water flow
rate ( Table 1 / 12-14 / ), 1t is possible to eatimate in the
game manner the discharge of cesium-137 with the waters of the
Triea. the Yarova, the Daugava and the Neman. The results of
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the calculation showed that in the period 1986-1988 the dis-
charge of cesium-137 was: with the waters of the river Luga -
0.5 TBq , the Narova - 1.4 TBq, the Daugava - 0.3 TBq, the
Neman - 0.3 TBq. The summary discharge of cesium-137 in 1986-
1988 with the waters of these rivers including the Neva, was,

by estination, 14 T3g.

The annual -=ter discharge of the Neva river is 80 km3 on
the average, of the Lugs - 3 kmB, the Narova - 11 km), the Dau-

geva - 16 km>, the Temsn — 17 km>, which add up %o 127 km° &
year, i.e., about 30% of the total river discharge into the
Baltic Sea. Thus, the calculated discharge of cesium~137 with
the waters of the said rivers of the Soviet littoral, e=stimated
as 14 TBg for the period 1986-1988, may characterize this nuc-
lide's coming with waters making 30% of the total river dis-

charge into the Baltic Sea,
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Fig. 2. Values of 137cq content (Bq/mB) in the water of the rivers

6 493288H

in May-July 1986 relative to the background level and the
AC (acceptable concentration).
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Fig. 3. The distribution of 13703 in the waters of the lakes and
rivers of the Baltic Sea region of the USSR in 1986-1588.
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REVIEW OF THE FINNISH STUDIES ON RADIOACTIVE SUBSTANCES IN THE
BALTIC SEA IN 1986-1988

Erkki Ilus, Tarja K. Ikd&heimonen, Ritva Saxén, Kirsti-Liisa

Sjoblom, Seppo Klemola and Hannele Aaltonen

Finnish Centre for Radiation and Nuclear Safety

1 INTRODUCTION

Studies on radioactive substances in the Baltic Sea have been
carried out in Finland since the early 1960s. At that time the
focus of the studies was on radionuclides originating from
atmospheric nuclear arms testing conducted in the northern
hemisphere. Until 1986 the concentrations of long-lived radio-
nuclides had steadily decreased in the marine environment, but
the serious accident in the nuclear power station at Chernobyl
on April 26, 1986 provided a new impulse for radioecological
studies in the Baltic Sea. The results of the Finnish studies
carried out in the Baltic after the Chernobyl accident are
published in six Supplements of the Annual Reports 1986, 1987
and 1988 of the Finnish Centre for Radiation and Nuclear Safe-
ty.!-® This article reviews the results of these studies. Special
attention is paid to the horizontal distribution of fallout
nuclides and to their sinking and sedimenting rate in the Baltic

Sea.

2 HORIZONTAL DISTRIBUTION

The uneven distribution was a specific feature of the Chernobyl
fallout as compared with the fallout caused by nuclear arms tests
in the 1960s. Another characteristic was the high proportion of

the cesium isotopes !37Cs and !3*4Cs in the deposition. This
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review is mainly concerned with cesium concentrations, but
complete data on all radionuclides detected in the samples are

given in the original reports.!-¢

The areal differences in the amounts of deposition were sig-

nificant at least in the land areas of Finland. The differences
correlated well with the amounts of rainfall during the first
days of the fallout situation. Considerable differences were
also found in the radionuclide concentrations of sea water
samples taken later in summer and autumn from different parts
of the Baltic Sea (Fig. 2). Nevertheless, it is difficult to
estimate the total amount of fallout directly deposited on the
Baltic Sea surface. The impact of rainfall was probably 1less
significant at sea than on land, because spring-time rains

fall more often on land mass than on the sea.

After the fallout situation, several factors affected the concen-
trations of radionuclides in the surface layers of sea water,
a.o. currents in the sea, mixing of water masses, river inflow
from the surrounding land areas, sinking in the water column

and deposition into bottom sediments.

The effect of river discharges and currents are well demonstrated

in the 137Cs concentrations of Fucus vesiculosus collected along

the Finnish coast in 1987.2? The lowest values were generally
found in coastal areas with low deposition values (Fig. 4).
The highest concentrations, which were found in the eastern
Gulf of Finland and in the middle part of the west coast obvious-
ly indicate the impact of river discharges from inland areas
with higher deposition values.? The relatively high concentra-
tions of !'37Cs found on the north and west coast of Aland,
where the deposition values were in general very low, were

probably caused by cesium transported by sea currents from the

Gavle region, which was the main fallout area in Sweden.

The changes in the !37Cs concentrations of surface water in
different parts of the Baltic Sea since 1986 reflect the trans-
port southwards from the Gulf of Bothnia and Gulf of Finland
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of fallout nuclides within the outflowing fresh surface waters
(Fig. 2). In 1988, the concentrations of !3*7Cs in the open
waters of the Gulf of Finland and in the middle of the Bothnian
Sea were about 20% and 55% of the corresponding maximum values
detected in 1986. On the other hand, there was a clear increase
in the concentrations found in the the Baltic Proper and in
the Bothnian Bay, the latter being caused by retarded river
discharges and the anticlockwise water currents in the Gulf of
Bothnia.

Soon after the fallout situation, there was a marked difference
between the concentrations found in the coastal and offshore
areas, with the concentrations of radionuclides being highest
near the coast. This was probably due to hydrological factors,
such as quantity of rain and runoff, but alsoc to the limited
water exchange in the labyrinthine archipelagc zone. Afterwards,
there has been a general levelling of areal concentration dif-
ferences, at least in sea water. However, considerable amounts
of fallout nuclides have remained in the coastal zones due to

accumulation in sediments and biota (Table I).

3 SINKING AND SEDIMENTATION RATE

The sinking of the fresh fallout through water layers was quite
rapid soon after the Chernobyl accident. As early as the after-
noon of April 28, considerable amounts of fallout nuclides had

accumulated in Fucus vesiculosus growing at a depth of 2 m in

the Olkiluoto area.?* Also at open sea, the sinking rate was high
owing to the concurrence of the end phase of the phytoplankton
spring maximum, when radionuclides were transported downwards

by dead plankton algae.

In the phytoplankton samples taken from the Loviisa area in 1986,
the highest concentration of !37Cs (2500 Bq kg! dry weight) was
registered at the beginning of June.?* Towards the autumn, the
values were considerably lower (Fig. 3). The acute concentration
factor for 137 Cs from water to phytoplankton was approximately
103.
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According to our results, fresh fallout nuclides were found
during the first half of May in water samples taken from a
depth of 100 m in the southern Baltic Proper and in mid June from
samples of surface sediment of the northern Baltic Proper (sta-
tion Teili-1, depth 166 m). Since then, the primary halocline
(at a depth of 50-70 m) may have limited the addition of fallout
nuclides in the deep water layers of the Baltic Proper, while
in the Bothnian Bay and Bothnian Sea, where no clear halocline
is met, an effective mixing of water masses has been possible,
and no marked difference was found between the surface water

and near-bottom water in 1988.

It has been difficult to obtain an accurate picture of the
sedimentation rate of radionuclides soon after the fallout
situation, because the sedimentation process is very slow at many
offshore stations (some millimetres per year or less) and there
are many problems involved in sampling the uppermost loose
sediment layers.® It has been possible, however, to follow up
the sedimentation of fresh fallout by means of 1l-cm-thick slices
taken with the Niemist® corer in the coastal areas off Loviisa
and Olkiluoto and at the Teili-1 station in the northern Baltic
Proper, where the sedimentation rate is quite high (Figs. 5
and 6). In 1988, Chernobyl-originated !37Cs was detected in
the two uppermost centimetres of sediment at all these stations.
The distinct peaks in the amounts of long-lived radionuclides
provide useful pointers for sedimentation studies. At the Teili-1
station, the highest value of 23°-249pu was in the 5-10 cm
layer (Fig. 7), thus indicating the peak caused by nuclear

arms testing conducted in the 1960s.
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4 INTERNAL RADIATION DOSE CAUSED BY THE CONSUMPTION OF
BALTIC SEA FISH IN FINLAND

In comparison with concentrations in fresh water fish from
Finnish lakes, the activity concentrations of !37Cs have been
low in brackish water fish caught off the Finnish coast. The
highest value (230 Bqg kg! fresh weight) was detected in perch
caught in the Loviisa area in late summer 1986.° During the
last two years, the concentrations in most species, have remained
unchanged or have begun to decrese, but have continued to slowly
increase in some predatory fish, such as pike and cod.® 1In
1988, the !'37Cs concentrations of pike were about 10-40 times
higher than before the Chernobyl accident.

Figure 8 shows annual changes of !37Cs concentrations in four
fish species at Loviisa, where the concentrations found in pike
also began to decrease in autumn 1988. In Baltic herring, there
has been a clear decrease of cesium values in winter, but a new
increase has occurred in summer. This is probably associated with
the seasonal migrations of Baltic herring.® In general, the
species moves for the winter to deeper offshore waters, where

the activity concentrations of 37 Cs are lower.

Since the Chernobyl accident, the average intake of 137Cs and
the internal radiation dose caused by the consumption of Baltic
Sea fish by the Finnish population have been as follows:

Year Average intake Internal dose
of 137 Cs (137 Cs+!34 Cs)
Bg a-! mSv a-!
1986 220 0.005
1987 330 0.008
1988 460 0.009

The estimate is based on an average per capita consumption of
7.7 kg of Baltic herring and 5.8 kg of other sea fish per year.
Both cesium isotopes have been taken into account in the dose

calculations.
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Fig. 1.

The Finnish sampling stations for sea water (W), bottom
sediment (S) and fish (F) in the Baltic Sea.

1. Station C VI (W+S), 2. Hailuoto (F), 3. Vaasa (F),
4. Station Olkiluoto 2 (W), 5. Station EB 1 (W+S),

6. Seili (F), 7. Tvarminne (F), 8. Station Pernaja R1

(W), 9. Station Loviisa 3 (W), 10. Station XV 1 (S),
11. Station LL 3a (W+S), 12. Station Teili-1 (W+S),
13. Station BY 15 (W+S), 14. Station BY 2 (W).
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Fig. 2. Cesium-137 concentrations (Bq m™?® ) in sea water at
four sampling stations in the Baltic Sea in 1974-1988.
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Fig. 3. Cesium-137 in phytoplankton (e) and sea water (0O) at
Loviisa in 1986.
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. 500 Bg/kg dry wi.

‘ 400 Bq/kg dry wt.

. 300 Bq/kg dry wt.

@ 200 Bq/kg dry wt.

® 100 Bq/kg dry wt.

4. Distribution of cesium-137 deposition in Finland and
the cesium-137 concentrations in Fucus vesiculosus
collected along the Finnish coast in 1987. The darkest
areas received the most fallout. A, B and C are drainage
areas of the three largest rivers Kokemdenjoki, Kymijoki

and Vuoksi.

Fig.
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Fig. 7. Vertical distribution of plutonium-238 and plutonium-
239,240 (Bq kg! dry wt.) in sediment samples taken at
the Teili-1 station in 1988.
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THE DISTRIBUTION OF RADIONUCLIDES IN BROTTOM SEDIMENTS OF THE
OFEN BALTIC SEA AND THE GREIFSWALD EBRODDEN

L. Weiss

Mational Board for Atomic Safety and Radiation Frotection
of the GDR

AESTRACT

Monitoring results of the radipactive contamination of sediments
of ths open Baltic Bea and the Greifswald Hodden, obtained in
1$8&  and 1987, are discussed and compared with results of pre-—
vious oy The changes in sediment contamination and the verti-
cal migration of contaminants are described for different types
A comparison between the sedimentation rate deter—
1= of the lead-218 dating method and the depth of
artificial radionuclides since 19846 indicates that
= h;ve influenced the vertical migration of the

Gra

£ onuclides. It sesms that the diffusion is inter-—
Tersd 'ﬂtiwn arnd near bottom currents. In additicn, anvy
wncertal sediment csampling can alsao intluence the

accuracy of the measuring result.

RS S INR A
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Duz  to the radiocactivity input into the Baltic Sea in  the
event of the Chernobyl accident, other radionuclides, especially
Ce-134, became also important for sediment investigations. The
izotope Cs-134 which previously either had not been detected at
all or only in traces in Baltic sediments provided a peak—shapsd
input function. The temporal change of this input signal &long a
sediment core is well suited to inform of processes of distri-—
pution and mixing in sediments.

2. METHODS
The sediment samples were taken by means of & HMiemist
(diametsr 5.% cm, &.8 cm or 8.8 cm), fractionated in s
Z o 3 cm and than deepfrozen. Befors measuring the sa
dried at 110°0 or freeze-dried to & censtant dry weight. The
rddloa tivity of gamma—emitting radionuclides was measured by
hannel analvzer. For sediment dating & to & g of dry matter
aten from selected samples, decomposed with HF and after
i on silver plates the radioactivity of the daughter
210 was analyzed by means alphs  spectrometrsr.,
mples with a GCs—-137 radi tivity below the gamma—
tection limit and/ar ] : 7 i
decomposed with
ecipitation wi
the Ce-137
radicactivity of boti

L
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Z. RESULTS AND DISCUSSION

Z.1. Sediment dating by the lead-210 method
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where

mE

"'J
e

N

i
Ai = 2. § a; 4z; {mEq/

The value of A6 can b obtained by

- measuring results of the Fb-218 concentrations
— using the regression line of the c.i.c. method
- calculating on the flux of Pb-218@ (i known}.

rate (8) can be calculated eithsr by differen-—

i

.
whears

2.2 The distribution of artificial radionuclides in sediments of
the EBaltic Sea before 1986
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the masimum concentration measuwred in
2 built up in sediments, 1T these radionu-
wed att bottom sediments. This ie not
regards Ce-1327, only on=z sample tabken
1984 showed a cocentration paak in the
1€ and 192 am (Fig.2). From the missing
other sediment samples 1t can be  con-
ther more mobhils in sedimentse than com-
iment mixing toeck place. The results of

adiagnuclides in wat
EZ-1945 should alsc
des are strongly
id Tor Se-90 and,
rom the Arkona basin
sagiment  layver hetwese
peak concentration in
cluded that cesium is

monly assumed or that = m

Fb=-219 dating hint &t t last interpretation.

For the determinatio f the cumulative deposition of the COs-—

137 radioactivity st the DBaltic 8ea bottom, the Us—-127 concent
c wlated by swmming up the concentration
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3.3 The distribution of artificial radionuclides in sediments of
the Baltic Sea from 1986 to 1988

During the years 1?8546 to 1734, 11 csediment ccre samples from
the open Baltic E=a and 4 core samples from the Greifswald Bodden
were analyzed. The resultse are illustrated in Figs. Sa and Sb
and summarized in Tab. III. It follows that the deposition of Cs-
174 and Cs—137 in the event of the Cherncobyl accident depends not
only from the mentioned relationship between their concentration
in sediments and the watesr depth but also from the contamination
level of the water and the etrength of the discontinuity layer.
Therefore the highest values of sediment contamination with
radiccesium canr be cbserved in the sea areas in which the initial
contamination of the water body in 1284 was highest, namely ths
Bothnian Sea and the Gulf of Finland. In contrast, the sediment
ontamination in the strongly stratified areas of the Raltic
Froper was very low even in 1937. In the deepest parts of the
Baltic Froper no or only traces of Cs-134 were detected (s. Fig.
Sa and

in benm &t locations with high depositicn
rabees othesr Cheroobyl burden radicnuclidess
st h -6, Ru~171 el Ag-L18m werse  detected. Im ssedimsnt
samples taken from the wald Bodden Cs—134, Os-13%7 and Ru-
184 were fournd in measurabl: mounts., The Sr-%8 radiga:t1v1t/ I

sulted from previous dep
Due +to the veary ous level of ths 1n1t141 Can_ﬂmw
tion of the Balitic Sea o due to cther fao N
the radionuclide =sedimenitation an approach to
total storage of radico i the sediments,
Chier & i t e scyibed for d
17846 Thes correlation
o g ecd wa+ew derth.
i a5 ouritl according to

mee of radicactivi

i
7

e g

where
Mo w = loses of radioasctivity
to sediment
Ka = zediment distribution cosfficient (cm™/g}
S = sedimentation rate (g/cm=.yr)

SH = amount of cuspended matter (g/cm=}
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dw = water depth {cm)

The relationship of the ka value of cesium ve. salinity of the
ambient water can ba expressed by:

Fa{Cs) = I@,886 . exp(~0.117 . (%)) (D

—

The parameters used for the calculaticon of the Cs—-13
4) are listed

deposition &t bottom sediments according to e
in Tab.IV. The sedimsntation rate (8) is  co Jatively con-
sidered as a constant valus of B.85% g/cm®.vr (bhes = the inverse
correlation Lo and corresponds with the data
oiven in Tab.I. wrended matter

@.8001 /1.

For the calculation of the Cs-137 deposzition at ths s=a bottom
1t follows from eqg.{4d}:
. Cw - V¥V . Fa,.=
Lo = ————mmme (&)
I&]
whers
Ca = average deposition of Ce-137 radicactivity

S48 The distribution of Cs—134 and Ce-137 along sediment core
profiles

Loigid i

peretraticon of =-124 conceniration into ssdims
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to the Chernobyl fallout widely varies from one to another loca-—
tion and sediment type. Assuming that cesium is  immaobile in
bottom <sediments and sediments are not mixed then the vertical
penetration would result only ferom the present sedimentation rate
and the vertical sediment diffusion coefficient D, (P.(Cs) =
1.1 E~@8 to 3.8 E-6G7 cm=/s). Conseguently the total amount of

5-1%34 should be fTound in the top laver of the sediment sample
only. But this is neot true for most of the analyzed samples. The
patterns of vertical distribution of the Cs—-134 and Cs~-137 con-
centration in sediments indicate more or less extended disturban-
ces due to different processes of eediment mixing.

X.4.1 BRioturbation

ocation of sediment

The problem of sediment mixing and transl
particles due to the bicglogical activity of sediment dwelling
agrganisms is well known, but the effectivity and the velocity of
this process differ widely. his depsnds, e€.Q., on the kind of
the organisms, the abundance of the species the depth of pene-
tration of the organisms intc Lthe saclrcnt and the feeding
habits.
wuﬁw ents wexl ] enthic an:mﬂla were fTound z%  the
at), and 5 and 58 {(Bayvy of Bothnial.
he ides L o Tattegat =t I
teo g topn ; (2 - % cm) it pen
pth f 12 dﬂd 28 om resp.  at
This ation
holes bimd
ZEd Lme the
it Ihﬂt

| ST
Iy
LI

basin) d
the Arkona basin and
within the to
aszumed. h
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penetration of Cs-134 into the sediment up to 2 or 3 cm could
also result from bioturbation, but other processes affecting that
cannot be excluded. In contrast, in the Bay of Gdansk, the redox
aver 1is already within the water columrn and the bioturbation
cannot act as a process of sediment mixing.

3.4.2 Near bottom currents

The second process which can become important in sediment
mixing is the near bottom current. Due to the small water depth
and  the current characteristics of both the Arkona basin and the
Bay of Lusbeck the vertical penetration of radicocesium can also
be caus=d by this prcocess in addition to bioturbation. According
to (FUS4) compulter simulations of the current field of differsnt

enth zones of the Baltic Sea indicate a current velocity of
EpEr. 2 to F cm/s in the near bottom water of the Bay of Luebeck
and of the &rkona basin. These velocities are great encugh to
it fine—grained sediment particles (s1lt, clay. mud)

cording to the Hjulstroem diagramme.
Thé sadiment  samples taken from the brexfsw«ld Bodden at the

stion successively in 1985, 1986 and 12788 indicate a very
and progressive mixing up to a sediment depth of 8 cm 1n
The wabter depth at this location is abeut 10 m oand  full
. of water by a wind-induced current  takes place uancer
cial meteorolpgical conditions. fie the redox layer is located
thin the top sediment laver, the translocation of fine—graine
materials should prlmarlly be the result of near bottom currents
Thz bicturbation and the sedimentsation of new settling materi
i= of minor importance or negleqgibie

.
L
3

'

1]
—

Z2.4.7 Other factors

menticnad
ralte Lh%ﬁq

.

utant dwc‘.

[RR=F=R g W

o Eﬂy which haz sim CDHdl*lGﬁg.
.Lthr facter influen distribution patterns
of & pollutasnt like Cs—17 partial disturbance of
1he sedimsnt core during Tractionating proce-—
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dures. For example, at station 2% (Bay of Gdansk), one sample was

ken with & Niemistoe corer and cut into sl f 1 cm thick-
ness  each but another one was taken with a box corer from which
subsamples were taken with plastic tubss and fractionatad in
slices of a thickness of 3 cm gach. While the two uppermost
slices of the Tirst sample contained Ces-134 thie radicnuclide was

: ) in the second sample (Fig.2). Using Miemistos

corsr  tha  top of the core can be disturbed due to t
density of this layer resulting in an appareni penetration of Ts-—
1Z24 up to & sediment depth of 2 cm. UOn the other hand, by taking
a sample with the box corer the top laver which centains the Cs-—
i radicactivity can be lost even before the subsamples
witih the plastitic tubes. In © : $

=lall o in.addition, it the radipacH
ithin a few mm of the top slice, the agre
! f*i "4 and this material whi
*hm z—134 radioactivity to sw
umte tead. Therefore, the
sadiment core samples have to
“mMET1o on Lhw type of samplsr

T

iE}

part:

¥ i tamid . 1 »
Iet=ll i the upper part of the sediment
morae or less intensive sadiment mixing [
mixing originate primarily Trom bpioturba
currents. In additiorn, high or fluctuatin
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and disturbances of the sedinent during sanpling and pretreat-
mennt can influence the distribution patterns of pollutants.

- The Pp—21% method using the c.r.s. model in connection withthe
c.i.c. mode ] seenms t0 be the npst appropriate methodod dating
sediments of an age Of 1less than Z0® years. The use of Cs-13z
or Ce—~1Z7 for sediment dating is 1 imted because no const ant

iux Of radiocesium  can be = sume § Of hecaus ths peak Of the

_,,
m
b !.l

Cs—137 concentration resulting from the high fail lout deposition
during 1943 — 19465 cocuirs in the sedinent often indistinctly or
vani shed. Furthermore a recerntly higher or & changing sedinent
accumul ation rate cannot be identified and due to mxing of
sed imen ¥ material at an earlier time the psak concesntration

apparantly ooours in 2 dzeper sediment ]l aver .

The ) 113ty 1 sciiment dating proc
i i fLrDroloq

(DART)  DAHLGAARD M. =t al.: Freliminary report of an
ting of the MORS
mark, Z@.-3Z1.1.198% !nnpnt‘ished)
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Table I: Dating results of Baltic sediments with the Pb-210 nethod

Station B0-3A Bay of Y15 (GDR-271) GDR-113 CGDR- 113
Mecklenburg
Coor di nat es 64°18.3'N 54°10,0'N 6§7°18,3'N 54°55,5' N
22°21.5'E 11°24.0'E 20 04,.6'E 13%30.0'€
Date of sanpling 1981- 1X- 27 19B81-VII-15  1983-VII-3 1983-VII-5 1984-XI-19
Pb-210 concentration
?tathe_ Sdl ms)nt surface  348%42 135216 350158 239226 219226
mBge.g W,
nmean Ra-226 _goncentra- + +
tion (mBg.g-dew.) 44%12 2413 108232 23%4 31%s
Flux of_sb 210
(mBg.cm ) 8.9 13.3 3.4 19.9 18.4
M xi ng depth (Zy)
(cm 2.0 7.5 2.0 10.0 16.0
Mass dEpth at Z
(g.cm 0.2 2.6 0.1 2.4 3.5
C.R S. - nethod
Sedi nentation rate (s,)
(mg.cm™2,a71) 68%6 141 70%3 125512
Sedi nentation rate (s,)
(mg.cn™2,871) 22%2 50%3 341 593
Station CCR- 023 CDR- 012 Kw |1 Ari adne 33
Co- or di nat es 54°203.5'N 54918.5'N 54 11.,7°N 54 12.5°N 58244.0'N
11°03.3'E 11°33.0'C 13°34,3'€ 13934.0'E 18730.0'E
Cate of sanpling 1984-XxI~18 1804-~XI-18 1985- X-3 1985-X-3 1987-VIII-11
Pb-210 concentration
at the sedinent surface . R . .
(mBg.g~id.w, ) 128215 130715 123214 88%12 560=62
mean Ra- 226 caoncen=-
tration .\ . .
(mBgp o Eb -9 25%4 262 21%2 2235 6916
flux (n8q.ca™¢.a" }) of
16.0 13.4 9.6 4.9 21.3
M xi ng depth (z,)
(cm 13.0 4.0 9.0 5.0
gss depth at z 4.2 1.8 2.8 1.2
(q cm B)t K
C.R, S.-—method
Sedimentatlon rate (s,) .
(mg.cent .a=1) 68%6 31%20 g6tz 323 71tg
Sedi nentation rate (s;)
(mg.cm~2,a=1) 50%3 457 45%4 33ts




Table I1:
dependence on the water

Depth zone Belt Sea

Cal cul ated deposition of Cs-137 radioactivity at
dept h( bef ore 1986)

bott om ar ea (km2\

the Saltic-Sea bottomin

curmul ative deposition of Cs-137 (TBq)

Baltic Proper Bay of Riga @ulf of Dot hni an Bay of Baltic Sea,
(m sof t hard soft hard sof t hard Finl and Sea Bot hni a tota
bottom bottom bott om sof t har d sof t hard soft hard soft har d
bottom bottom bottom bott om
1 2 3 4 5 6 7 3 9 10 31 12 13 14 15
O 20 4,000 10,000 - 39,800 500 5,000 1,000 7,800 - 20,700 4.00 11,400 5,900 94,700
8.08 2.02 - 8.04 1.01 1.01 2.02 1.58 - 4,18 0.81 2.30 11.90 19.10
20- 40 3,000 4,000 5,390 32,600 2,900 4,000 4,000 4,000 1,600 7,200 3,000 6,900 19,800 58,700
5.46 0.73 9.65 5.93 5.213 0.73 7 .28 0.73 2.91 1.31 5.46 1.26 36. 00 10. 70
40- 60 13,300 20, 800 3, 600 4,700 1,200 5,720 5,600 2,600 1,700 30,400 29,500
22.50 3.39 5.87 7.67 0.20 9.29 0.94 4,24 0.28 49. 60 4.81
G0 80 18,000 12,100 5, 100 11,300 3,200 4,500 38, 600 15, 330
25. 40 1.71 7.19 15.50 0.82 6. 34 54,40 2.53
80-100 21, 000 5, 600 1, 200 8,500 1,100 4,000 34,700 6,700
25. 60 0,683 1. 46 10.40 0.13 4.38 42. 30 0.02
103-120 18,000 2,100 30 6, 200 1, 300 25,530 2,100
19. 10 0.22 0.03 6. 57 1.38 27,10 0.22
120- 150 13, 900 5, 000 200 19, 100
12,30 4,60 0.18 17. 60
150- 200 7, 300 1,500 8, 800
5.34 1.04 6. 08
>200 1, 700 500 2,200
0. 82 0. 24 1.06
sum of Cg~137-~
d .
€position, s g 2.S 121.0 20.0 12.2 1.7 25.7 2.5 53.6 7.4 23.3 3.8 246.0 38.2
total: 284. 2

-G01-
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TableIXI:Radionuclide Concentrations in Sedinments of the Baltic Sea in 1987

Station Oat e \é\gt terr1 Layer \C/\g%?;m Iiogitggn fsc;ienent Concentration (8q.kg™'d.w.)
(mF; (em) (%) (%) Cs-134 ¢€s-137 K-40 Pb-210 Ra-226
1 2 3 4 5 6 7 8 9 10 11 12
11 5.8. 56 0-3 35,38 3.73 clay 1.8 15,2 638 11,5
3-6 35,38 3,16 -(d) 16,7 11.8
6-9 32.06 3,18 14.5 660 10,6
9-12 27.44 2.72 12.7 606 12,2
12-15 26,99 2.46 7.6 523 11,6
15-18 26.52 2.19 6.0 620 9.0
18-21 26,22 2,43 3,4 520 9.8
25 7.8. 110 o-1 95,35 27.76 mud 141 516 470
-2 88,68 18.87 56 316 820 457
2-3 87,88 18.76 ~(<26) 136
3-4 89. 86 18. 75 134 866 348 23
4-5 87,87 18. 86 222 422
5-6 88,60 20. 31 144 297
6-7 86,60 16. 67 145 850 344
7-8 86,87 16. 99 130 740 260
8-9 84,22 13.93 97. 217
9-10 80.91 13.73 60 720 236
10-12 80. 60 13.23 62 900 182
12-14 80,60 13.13 39 960 204
25 7.8. 110 14-16 76,90 12.37 mud 18 920 116
16-18 75,30 12.62 11 103
18- 20 72,89 12. 47 -(<6) 880 148 32
20- 22 70. 82 12.53 950 150 34
22-24 74,41 12. 45 860 160 43
24-26 73,51 12. 45 124 29
26- 28 68. 63 13. 06 870 91 34
28- 30 68,61 10. 27 760 116
33 11.8 319 0-1 93,16 20. 16 mud -(<6) 96 740 449 67
-2 83. 80 15,69 48 348 55
2-3 79.22 9,30 18 695 -321 62
3-4 75.58 9.35 9.0 942 196 76
4-5 72.15 8,98 6.1 980 181 57
5-6 74,93 8,91 3.0 965 168 80
6-7 71,71 8,49 silt 9.2 980 187 79
7-8 67.74 7.27 -(f-3) 148 78
8-9 66,20 7,16 -(<3) 145 82
9-10 65. 22 6,34 5.0 114 79
10-11 62. 00 5,41 -(£3) 114 69
33 11.8 319 11-12 61,63 5.42 silt 58
12-13 60,05 6. 15 101 63
13-14 63. 27 6. 60 60
37 12.8 279 0-2 76. 44 9.14 silt 506 1533 70
2-4 63. 04 9. 65 140 486 58
4-6 69. 10 8. 77 14.3 132 49
6-9 58.78 7.90 7.7 119 59
9-12 62. 37 10. 27 5.3 62,2 - 44
12-15 56. 65 8. 69 -{<2) 26.6 - 49
15-20 65. 52

4.0

33



TableIIl:(continued)

-107-

1 2 3 4 5 6 7 8 9 10 11 12
50 14.8. 106 0-2 64. 44 11.54 mud 191 579 760 - 70
2-4 66. 86 10. 97 14.6 78.9 880 = 69
4-6 59. 59 8.67 silt 6.3 35.2 850 - 43
6-9 61.56 8.14 5.6 22.0 920 - 67
9-12  63.65 8.24 5.7 13.0 984 - 52
12-15  61.73 8.57 4.9 9.6 914 - 61
15-18  60. 66 8.01 3.2 9.8 934 - 58
16-21  59.39 9. 45 3.2 6.0 960 = 68
21-24  63.74 7.37 clay ~(€1.5) 3.1 970 =~ 52
82 29.8. 170 0-1 94.59 22.24 mud -(£10) 267 - 60
[-2 92. 42 19. 70 172 - 58
2-3 64. 41 13. 49 clay 89 -
3-4 65. 83 11. 47 44 -
4-5 83.60 10. 84 26 - 50
5-6 78. 37 9.89 19 - -
6-7 77.54 11.15 6 - 48
7-6 76. 89 10. 74 -(%6) - 46
6-9 75. 29 9.13 - 69
9-10 75. 84 9.81 - 64
10- 12 61. 46 13. 39 -
12-14 80. 55 12. 60 - 61
96 31.8. 47 0-2 72.67 16. 84 mud 17.8 111 813 - 22
2-4 76. 61 16. 56 19.6 120 841 - 20
4-6 66. 68 16. 30 12.1 104 648 - 25
6-8 70.34 16. 53 4.3 75.0 770 - 22
8-10 65. 95 15. 93 2.9 64.6 850 - 26
10-12 74.23 15. 16 -(%$1.4) 25.2 850 - 21
12-15 64. 66 13.93 9.3 890 - 24
15-18 72.37 13.78 4.5 a70 - 25
96 31.8. 47 18- 21 65. 93 13.71 mud 2.9 830 - 25
21-24 73. 48 14. 34 2.0 790 - 19
24-27 73. 05 14.19 1.8 860 - 20
27-30 68. 22 13. 69 1.8 840 - 21
101 1.9. 19 ol 71.61 14.01 mud 22.0 154 660 - 27
-2 70. 17 12. 47 10.1 106 690 - 30
2-4 68. 28 11.11 3.9 62.6 738 - 16
4-6 62. 30 6.08 clay ~-(s52) 39.0 740 - 19
6-9 58. 90 8.02 20.0 740 - 19
9-12 57. 60 7.79 7.1 740 - 23
12-15 53.95 5.32 3.7 690 - 21
15-18 51. 44 4. 69 -(€1.7) 690 - 18
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Table III 3. Deposition of artifical radionuclides at the sea bottom
('referred to the date of sampling)

Station Deposi tion (Bq.m'zz _
Code cs-134 Cs-137 (total) cs-137 ot her nuclides
(1986/87)

11 52 2,630 160

25 53 1,110 160

33 <4 305 (10)?

37 3,710 14, 170 11, 240 Co-60: 62 2
Sr-90: 325
Ru-106: 1, 480
Ag-110m: 210

50 1, 320 4,250 4,000

82 <4 685 (10)*

96 285 2, 750 860

101 190 2,950 575

notes:l'( ..o) estimated value

2(. .)) sr-90, total
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Table IV: Cal cul ated Kd-val ues of Cs-137 in dependence on the

salinity
Sea area average water Salinity corres-~  value of
dept h ponding to Ky (Cs-137)
(m) wat er depth
5%0)
Belt Sea 10 20.0 2.900
Baltic Proper 65 10.0 9. 300
Qul f of Riga 23 7.0 13. 200
Qul f of Finland 38 6.3 14. 930
Bot hni an Sea 62 5.5 15. 800
Bay of Bothnia 43 4.5 17.700

Table V: A conparison betweeen cal cul ated and measured Cs- 137
deposition at Baltic sediments in the period My 1986
to August 1987

Sea area soft bottom Renoval rate Cs~137-deposition
area (yr=1)y calculated measured
(m?) (Bg.m~<)

Belt Sea 7.3 E 09 0.14 580 575

Baltic Proper 9.9 = 10 0. 36 1040 850

@l f of Riga 7.3 E 09 0.28 1240

Gulf of Finland 1.6 £ 10 0.19 4070 5880

Bot hni an Sea 4.3 £ 10 0.12 8810 7530

8ay of Bothnia 1.6 € 10 0.22 3233 3950

8 493288H
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Figure 1: Distributionof Sr-30 and Cs- 137 along sediment cores from different parts ofthe
Baltic Sea
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Figure 2 :Radionuclide distribution along a sediment core,
Arkona basin , 1984
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Radi oactivity in Biota fromthe Baltic Sea after
the Chernobyl Accident

W Feldt, G Kanisch and G Nagel

Bundesf or schungsanstal t fiir Fi schere
Labor fiir Radiobkologie der Gewédsser
Harmbur g

L. [ ntroduction

As a result of the fallout after the Chernobyl accident the inventory of artificia
radionuclides in the marine environnent of the Baltic Sea increased.

To obtain information about the increase of radioactivity in marine biota, in 1986
1987 and 1988 during three cruises of the FRV "Walther Herwig" to the Baltic Sea
sanpl es of fish, as well as few sanples of benthic animals and aquatic plants were
col lected

Fish was sanpled in the region between 10° and 19° E.

2. Material s and net hods

On sonme 50 to 60 stations per cruise, each time carried out in Decenber, the biota
sanples were collected by bottomtraws (1 hour per station). The fished areas were
simlar in the three years. Fig. 1 shows as exanple the stations of the 1987 cruise

The nost abundant species of marine fish was the cod. Herring was caught |ess
frequently. Fishes were dissected on board (flesh, liver, skin, gonads or whole fish),
and stored deep frozen after pooling several specimen into one sanple. 1986 and
1987 at least one sanple for a station, where fish could be caught, was obtained. In
Decenmber 1988, single sanples fromtwo to four stations were pooled into one sanple
for measurement. Few sanples of benthos and aquatic plants were collected in De-
cember of 1987 and 1988, but only in the western Baltic Sea.

For radioactivity measurenents, each biota sanple of 5 to 10 kg fresh weight was
dried at 130°C and ashed at not nore than 460°C. Al |l ashed sanples were neasured
by |owlevel ganma-ray spectronetry using CGermanium detectors with relative effi-

ciencies between 20 and 30 % (counting time between 24 to 70 hours). Depending on
the anount of ash, radiochem cal analyses of 9%Sr and/or plutonium isotopes follo-
wed for the greater part of the sanples. 90Y-oxalate precipitates were neasured
with | ow background gas flow beta-counters (counted 4 times 500 min). For the mea-
surement of 238Pu and 239/240Py surface barrier detectors were used after chem ca

separation (counting time 7 to 11 days).

3. Results of radioactivity measurenents
3.1 Results for fish
The main radionuclides, detected by gamma-ray spectrometry were 137Cs, 134Cs and

nompg, The results for these nuclides as well as for the nuclides 9Sr, 238Pu and
239/240Py det ermined radi ochemcally are presented in the tables 1, 2 and 3
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for the years 1986, 1987 and 1988, respectively. In these tables, a sinple statisti-
cal evaluation is given for each year wthout differentiating between sanpling
areas.

The nost abundant fish was cod, fromwhich in all three years fillet and |iver was
anal yzed. 1987 also sanples of skin and gonads were anal yzed. Much |ess sanples were
obtai ned of herring being analyzed as fillet or whole fish sanples. Few other fish
species were dab, whiting, plaice and flounder

The nost inportant radionuclides in fish after the Chernobyl accident were the ce-
sium isotopes. Among all analysed fish, the highest activity contents were found in
cod. Considering different organs, the cod fillet sanples showed the highest activi-
ties of cesium As can be seen fromthe tables 1 to 3, the cesiumisotopes in cod
fillet increased from Dec. 1986 to Dec. 1987, however, only 137Cs increased unti

Dec. 1988, but not 134Cs. A simlar behaviour was found for cesiumin cod |iver.
O her organs of cod, fromwhich a | arger nunber of sanples was anal yzed only in
Dec. 1987 (table 2), revealed |ower activity contents for cesium conpared to fillet.

The cesium contents in other fishes Iike herring, whiting or dab were found to be
|l ower than in cod (data available only for 1986 and 1987). Cesiumin herring fillets
al so increased from Dec. 1986 to Dec. 1987. Results for other fish species shown in
the tables, cannot be discussed well because of their very |ow nunber of available
sanpl es.

In Decenber 1986 significant amounts of the isotope tomAg were detected in few
sanples of cod liver. The radioactivity of this nuclide, which can be clearly attri-
buted to the Chernobyl fallout, was even higher than for 137Cs in |iver. Despite of
its physical half-live of only 250 days, uomAg increased fromDec. 1986 to Dec.

1987. However, it then decreased from Dec. 1987 to Dec. 1988 by a factor of 0. 34,

which is very sinmlar to a value of 0.36 obtained for physical decay of this nucli-
de.

nompAg was not observed in cod fillet. One whole fish cod sanple as well as neasure-
ments of other whole fishes (herring, dab, whiting) indicated, that it mght be
found in whole fish sanples with |ow activities due to accumulation in certain or-
gans like liver

90Sr deternminations from 1986 and 1987 (table 1 and 2) in cod fillet yielded very
| ow nmean activity contents of 4 to 5 mBg/kg wet weight. If analyses would have
been made on edible parts, generally consisting of nore than fillet (parts of the
skin, etc.), the 9Sr activity woul d have been at |east one order of magnitude
hi gher, as can be seen from anlyses of whole fishes as well as from measurenments of
cod skin (table 2).

The 90Sr activities measured in fillet of herring showed higher val ues, because
here the fillet cannot be dissected in the same manner as for cod fromother parts
of organs generally having higher amounts of 9Sr (small bones).

Measurements of plutoniumisotopes were nade only on a part of the sanples. Apart
from few weak detections of plutoniumin cod fillet, which may be doubtful, nost of
the neasurenents yielded val ues bel ow the detection limts. Thus, for the most im
portant fish in the Baltic Sea, it can be concluded, that activity contents for
238Pu and 239/240Py in fillet are at least |ower than 1 mBg/kg wet weight. From
the data presented in tables 1 and 2, it cannot be disproved, that this conclusion
is also true for other fishes Iike herring and dab.
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3.2 Results for low-activity nuclides in cod liver

To obtain better estimtes of 98Sr and plutoniumin cod |iver, ashes of the 1987
sanples fromdifferent stations were pooled to represent total fresh weights from
51to 20 kg. The pool ed ashes at first were reneasured by gamma-ray spectronetry
with counting tines of 9600 mnutes and then analyzed for 98Sr and plutonium The
results for nuclides not already given for unpooled sanples in tables 1 to 3 are
presented in table 4. The nuclides 60Co, 65In and 108mpAg were detected with very
low activities.

Especially the long-lived 106mpg, clearly being identified by three ganma |ines
(hal f-l1ive 127 years) enphasizes the silver accunulation in the cod liver, the latter
al ready being indicated by accumul ati on of Chernobyl derived 11omAg. The nean
val ue of 1iompg/io8mAg was 2100 (13%la SD, referenced to the Chernobyl accident).
108mAg can partly be expected to be derived from nucl ear weapon's fallout, as it
was also found in decapods by investigations in the Northeast Atlantic before the
Chernobyl accident (Feldt et al., 1985). However, the results of nodel calcul ations of
reactor inventories with the KORI GEN code (Wiese, 1989; Fischer and Wese, 1983),
showed that the dom nant part of the inventories of 110mAg and 108mAg resulted
fromneutron activation of many kilogranms of natural silver used wthin neutron
flux detectors (Van Dam 1986; Rao et al., 1978). The resulting rati o 110mpg/i08mAg
depends on the activation duration; a value of 2100 woul d correspond to an silver
activation of roughly half a year.

The mean of the 9sr activity is slightly lower than in cod fillet. 65n was detec-
ted weakly in three sanples fromstations belonging to areas D and E (see fig. 1).
238Pu and 239/240Pu (only the latter is shown in table 4) were found to be |ess
than the very low detection limts for all sanples but one. Thus, 239/240Py in cod
l'iver can be expected to be less than 0.1 mBq/kg wet wei ght.

3.3 Development of cesium isotopes in cod after Chernobyl

In the preceeding chapter, activity data were discussed w thout considering diffe-
rences between areas. For the discussion here, five areas (coded A to E see fig. 1)
have been selected, where in all three cruises fromDec. 1986 to Dec. 1988 sanples
of cod were collected. Mean activity contents for 137Cs and 134Cs in cod fillet are
presented in table 5 ordered by date and area as well as vice versa.

In Dec. 1986, the largest activities were found in area A the nost western area,
where the water depth is |ower than in nore eastern parts of the Baltic Sea. In
the following two years, 137Cs did not decrease significantly, however, because of
physi cal decay this was the case for 134Cs. |In Dec. 1986, higher cesium concen-
trations in seawater were observed in this area A (DH, 1987) than in nore eastern
areas. Another reason for [ower cesiumactivities in cod fillet in areas Bto Ein
Dec. 1986 is the greater water depth in these areas. Because of inconplete vertical
m xi ng, here the bottom feeding cod could accunulate only a smaller part of the
Chernobyl fallout activity deposited to the water surface.

Until Dec. 1987, the activity of the two cesiumisotopes in cod increased in areas
Bto E Mean values for 137Cs ranged from 12 to 15 Bq/kg, which were significantly
higher than in the area A the higher values being attributed to the areas D and
E (fig. 1). One reason for this increase is the southward directed transport of
hi gher contam nated water masses from the southern part of the Bothnian Sea
through the Aaland Sea (Nies, 1988) into these areas. Another reason is, that now
more radioactivity is available to the cod by depth penetration of the nuclides
Wi thin one year.

9 493288H
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Until Dec. 1988, the activity of 137cs in cod again slightly increased in areas B to
E. Mean val ues now ranged from 16 to 19 Bq/kg, the higher values comng from areas
D and E. However, 134Cs did not increase during this tine.

4. Resul ts for gamma emitters in benthos and aquatic plants

Table 6 shows the results for artificial radionuclides obtained by gammaspectrome-
tric measurenments on few sanples of benthic animals and aquatic plants. It is ob-
served that besides 137Cs, 134Cs and 110mAg being detected in nmussels and the
sanpl e of seastars, the nuclides 60Co, 106Ru and 125Sb were nmore or |ess good de-
tectable in aquatic plants.

5. Estimation of dose to man by consunption of Baltic Sea fish

The estimation of the individual dose to man by consunption of fish is based on
the results of radioactivity nmeasurenents in fish.

Differing estimates for the annual consunption of marine fish in our country lie
between 12 and 14 kg. A smaller part thereof consists of cod and herring. For
these two species, only a small part is caught in the Baltic Sea. Thus, using a
val ue of 12 kg for the annual consunption of fish overestimates the consunption of
Baltic Sea fish significantly. As cod is the domnant fish in the Baltic Sea with
the higher cesium activity conpared to herring, we use its cesium activity for cal-
culations. Wth the nean val ues of 134Cs and 137Cs for Dec. 1988 fromtable 3, the
annual effective dose equivalent is calculated to be roughly 0.004 mSv (0.4 mrem).
Because of activity contents of 90Sr being |ower by at |east three orders of
magni tude conpared to 137Cs, the contribution of 98Sr can be neglected.
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Table 1 : Radi oactivity in Baltic Sea Fish in December 1986
Results from the "Walther Her-wi g" cruise in Decenber 1986;
(N nunber of neasurenents; nd: nunber < detection limt)

Sanpl e Nucl i de N nd mn. value max. value  Mean
Bq/kg ww Bq/kg ww Bq/kg ww
Cod: fillet Sr-90 28 12 < 0.0015 0. 0091 0. 0040
cs-134 29 0 0. 67 2.6 1.4
(Gadus nor hua) cs-137 29 O 4.4 9.3 5.9
Pu-238 17 16 < 0.00011 0. 00040 < 0.00040
Pu-239 17 15 < 0.00018 0.0028 < 0.0028
Cod: whole fish Sr-90 ! 0 0. 060
Ag-110m 1 O 0.60
cs-134 1 O 1.6
cs-137 1 O 4.8
Cod: |iver Sr-90 3 1 < 0.0010 0. 0042 0. 0027
Ag-110m 5 O 1.7 2.6 2.1
cs-134 5 0 0.21 0.25 0.23
cs-137 5 0 0.80 1.1 0.91
Pu-238 2 2 < 0.00014 < 0.00015
Pu-239 2 2 < 0.00019 < 0.00023
Herring: fillet Sr-90 6 O 0.014 0.22 0. 053
Cs-134 6 O 0.80 1.1 0.93
(O upea harengus) Cs-137 6 O 3.5 4.3 3.9
Pu-238 3 3 < 0.00024 < 0.0011
Pu-239 3 3 < 0.00030 < 0.0018
Herring:whole filsh Sr-90 2 1 < 0.0019 0.021 0.011
Ag-110m 2 O 0.051 0. 087 0. 069
cs-134 2 O 1.0 1.2 1.1
cs-137 2 0 3.9 4.4 4.2
Pu-238 1 1 < 0.00045
Pu-239 1 1 < 0.00056
Dab: fillet Sr-90 1 O 0.048
cs-134 1 O 1.3
(Li manda |i manda) cs-137 1 O 4.4
Dab: whole fish Sr-90 1 O 0.11
Ru-106 1 O 0.31
Ag-110m 1 O 0.033
cs-134 1 O 1.1
cs-137 1 O 3.5
Pu-238 1 1 < 0.00026
Pu-239 1 O 0.0013
Pl ai ce 7/ Fl ounder Sr-90 3 O 0.022 0.035 0.030
fillet cs-134 4 O 0.79 0.89 0.82
(Pl euronectes pl. cs-137 4 O 2.7 3.5 3.1
and Pu-238 1 1 < 0.00047
Platichthys fl.) Pu-239 1 1 < 0.00078
Whiting: fillet Sr-90 1 O 0. 0045
Ag-110m 1 O 0. 067
(Merlangius nerlf.) Cs-134 1 0 2.0
cs-137 1 O 8.2
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Table 2 : Radi oactivity in Baltic Sea Fish in Decenber 1987
Resul ts from "Walther Herwig" cruise in Decenber 1987,
(N number of measurenents; nd: nunber < detection limt)

Sanpl e Nuclide N nd mn. value mx. value  Mean
Bq/kg ww Bq/kg ww Bq/kg ww
Cod: fillet Sr-90 50 4 < 0.0029 0.013 0. 0052
Ag-110m 62 60 < 0.011 0. 041
(Gadus nor hua) Cs-134 62 0 1.7 7.6 4.0
Cs-137 62 0 6.5 23.8 13.8
Pu-238 25 25 < 0.00021 < 0.0036
Pu- 239 25 25 < 0.00036 < 0.0045
Cod: liver Ag-110m 52 O 0.91 10. 6 2.74
Cs-134 52 0 0.31 1.1 0. 69
cs-137 52 0 1.25 3.87 2.36
Cod: gonads Sr-90 2 1 < 0.013 0. 0076 0. 0071
Ag-110m 5 3 < 0.044 0.10 0. 054
cs-134 5 O 1.0 3.0 2.2
cs-137 5 0 3.8 10.7 7.9
Pu-238 2 2 < 0.00080 < 0.00090
Pu-239 2 2 < 0.0011 < 0.0013
Cod: skin Sr-90 7 O 0.23 0.35 0.29
Ag-110m 14 13 < 0.037 0. 096
cs-134 14 0 1.4 3.2 2.1
cs-137 14 0 4.9 10. 7.1
Pu-238 7 7 < 0.00050 < 0.0022
Pu-239 7 6 < 0.00084 0. 0031
Herring: fillet Sr-90 5 O 0. 0046 0.013 0. 0088
cs-134 9 O 0.40 2.6 1.8
(O upea harengus) cs-137 9 O 3.2 8.9 6.8
Pu-238 2 2 < 0.00082 < 0.00089
Pu-239 2 1 < 0.0010 0. 0030
Herring: whole filsh Sr-90 2 0 0. 064 0.075 0. 069
Ag-110m 2 O 0.11 0.11 0.011
cs-134 2 0 2.4 2.7 2.6
cs-137 2 O 8.2 8.8 8.5
Pu-238 1 1 < 0.00036
Pu-239 1 1 < 0.00060
Dab: fillet Sr-90 1 O 0. 037
cs-134 1 O 0.92
(Li manda |i manda) cs-137 1 O 4.1
Sugar kel p Sr-90 1 O 1.4
Ag-110m 1 O 0. 46
(Lam naria saccha. Cs-134 1 0 5.5
cs-137 1 O 23.
(Ba/kg dry !'!) Pu-238 1 O 0.012
Pu-239 1 O 0. 063
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Table 3 : Radioactivity in Baltic Sea Fish in December 1908
Results from "Walther Herwig" crui se in Decenber 1988;
(N number of neasurenents; nd: nunber < detection limt)

Sanpl e Nuclide N nd mn. value mx. value Mean
Bq/kg ww Bq/kg ww  Bq/kg ww
Cod: fillet Sr-90 7 0 0. 0028 0.0117 0. 0056
(Gadus nor hua) Cs-134 8 0 1.40 4,81 3.77
Cs-137 8 0 7.70 20.9 16. 7
Pu-238 4 4 0. 00024 < 0.00025
Pu-239 4 4 < 0.00042 < 0.00043
Cod: Iiver Ag-108n 5 O 0. 0088 0. 015 0.011
Ag-110m 5 0 0.45 1.45 0.93
cs-134 5 0 0. 34 0.73 0.57
cs-137 5 0 1.70 3.17 2.57
Fl ounder: fillet cs-134 1 0 1.72
(Platichthys fl.) cs-137 1 0 7.87
Dab: fillet Sr-90 1 0 0. 032
(Li manda | i manda) cs-134 1 0 0. 66
cs-137 1 0 3.55
Herring: fillet Sr-90 1 0 0. 0034
(C upea harengus) cs-134 3 0 0.337 2. 46 1.21
cs-137 3 0 2.40 10.8 5.84
Table 4 : Further nuclide activities in pooled samples
of cod liver from December 1907
Sanpl es were pooled over different stations
Sanpl e 60Co 657n 90Sr 108mAg 239/240Py
nunber
Bq/kg wet weight * o SD (X)
12052 9.26E~-3 £23.|<3.50E-2 3.68E~-3 £27.| 9.60E~3 *10. [<2.5E-4
12053 4.14E-3 f 25. 2.87E-2 f23. 2.41E-3 £21.| 6.663-3 #8.2(<5.1E-5
12054 5.09E-3 +18.| 2.25E~-2 #25.|<2.33E-3 5.82E~-3 %9.0 |<7.7E-5
12055 5.23E-3 %22.|<1.89E-2 2.16E-3 £14.| 6.76E~3 #9.4 (<4.0E-5
12056 5.85E~-3 #18.|<1.71E-2 2.58E-3 %7.4|5.23E~3 9.4 |<4.9E-5
12057 3.97E~3 128.|<2.01E-2 3.88E-3 +7.0 6.82E-3 8.9 [<7.7E-5
12058 5.00E-3 #24.| 4.38E~2 #19.| 4.09E-3 *8.0|8.45E-3 f9. 4 1.3E-4#18.
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Table 5 : Mean cesium contents (Bq/kg wet) in cod fillet
fromb5 different areas in the Baltic Sea
(134Cs/137Cs is the ratio of the neans;

activity values calculated for date of sanpling;
see fig. 1 for the 5 areas )
Date Area| Stations 137Cs 134Cs | 134Cs/1 37cs
ordered by date and area
12/86 A -9 8.0 2.3 0.29
B 12, 58, 59 6.4 1.7 0.27
C 44- 46 5.6 1.4 0.25
D 27-32 5.9 1.5 0.25
E 49- 56 4.8 0.8 0.17
12/87 A 1-5 8.0 2.0 0.25
B 6- 10, 56-60 11.9 3.2 0.27
C 44-53 13.3 3.8 0.29
D 15-19 15.1 4.5 0.30
E 30- 39 14.5 4.2 0.29
12/88 A | -2 7.7 1.4 0.18
B 6-8 17.1 3.9 0.23
C 15-17, 41-43 15.9 3.6 0.23
D 30-33 19.4 4.5 0.23
E 47-50,23-24,26~-28( 19.3 4.4 0.23
ordered by area and date
12/86 A -9 8.0 2.3 0.29
12/87 |-5 8.0 2.0 0.25
12/88 | -2 7.7 1.4 0.18
12/86 B 12, 58, 59 6.4 1.7 0.27
12/87 6-10, 56-60 11.9 3.2 0.27
12/88 6-8 17.1 3.9 0.23
12/86 C 44- 46 5.6 1.4 0.25
12/87 44-53 13.3 3.8 0.29
12/88 15-17, 41-43 15.9 3.6 0.23
12/86 D 27-32 5.9 1.5 0.25
12/87 15-19 15.1 4.5 0.30
12/88 30-33 19.4 4.5 0.23
12/86 E 49- 56 4.8 0.8 0.17
12/87 30- 39 14.5 4.2 0.29
12/88 47-50,23~24,26~-28| 19.3 4.4 0.23




Table 6 : Artificial gamma emtters in benthic animals and in aquatic plants
Sanples fromarea A (Fig. 1)

Activities in Bq/kg wet or dry £ la SD (%)

Sanmpl e Base| Dat e 60Co 106Ru 110mAg 1255b 134Cs 137Cs
Mussel s
Cyprina islandica wet | 12/88| 0.039 £31.[<0.26 0.36 +5.2(<0.084 0.084 f13. 0.51 f7.7
Cyprina islandica wet 12/88(<0.035 <0.24 0.10 #10.(<0.063 0.070 #£13.| 0.36 7.9
Seas tars
Asterias rubens dry | 12/88| 0.21 f33. |<1.1 0.41 #11.(<0.32 0.68 8.5 3.66 £7.4

Aquatic plants

Lami naria sacchar. 1)|dry | 12/87(<0.24 3.2 +14,| 0.46 £13. 5.45 5.3 | 22.9 f
Lam nari a sacchar. dry | 12/88| 0.27 #£25. 3.0 #18.(<0.16 2.0 x11,| 3.36 6.1 16.8 f
Fucus vesi cul osus dry | 12/88| 2.18 #6.1 (20.7 #8.0| 0.79 £10.[19. +5.8| 2.27 %12. 14.7 f

1) see table 2 for 90Sr and pl utonium

—cel-

NN
Fo
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THE RADI CACTI VE CONTAM NATI ON OF FI SH FrOM THE BALTIC
SEA AND THE DCSE EQUI VALENT TO THE PCPULATION OF THE
GDR RESULTI NG FROM FI SH CONSUMPTI ON DURI NG 1986 - 1988

K. Jarmatz, D.Weiss

Staatliches Ant fiir Atonsicherheit und Strahl enschutz
Waldowallee 117

DDR-Berlin 1157

CGerman Denocratic Republic
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Asin previous years, also in the period from 1986 to
1988, fish sanples were taken by the National Board for
Atomc Safety and Radiation Protection from conmercial
catches in the Baltic. These fish sanples were fractionated
into the fractions flesh, skin plus bones and guts, and
exam ned by means of gamma spectrometry.

In the following only the results of the flesh fraction
are discussed because the others play no role for consunption.
In 1986, fish sanples from coastal waters of the CGDR were only
taken on 7 and 8 May since in that year sanpling from inland
waters had priority. Cesium enrichnent in fish is inhibited
by high potassium concentration as found in coastal waters.
Hence, conpared with freshwater with a |ower content of
potassium the radiocesium concentrations in fish at the same
| evel of water contamnation were expected to be |ower.
Despite a relatively high water contam nation of 300 mBq/l
the Cs-137 concentration in the sanples taken in My 1986
still agreed with the values of previous years. This is due
to the fact that cesiumis mainly taken in by food, and the
active ion regulation via the gills is negligible. This is
why cesium 134 with concentrations of about 0.5 Bg/kg (wet
weight) could only be detected in few sanples.

Due to the nentioned influence of potassium on cesium en-
richment the GCs-134 and Cs-137 concentrations in fish flesh
determned in 1987 and 1988 were distinctly lower than in the
same species of fish frominland waters (Fig. 1).

As the accumulation of cesiumin fish also depends on the
position of the species within the food chain, the piscivorous
fish perch, pike-perch and pike consequently have the highest
radi ocesi um concentration. This is illustrated by the exanple
of an inland water of the CGDR (Lake Mieggelsee) in Pig. 2.

As regards the mentioned piscivorous freshwater fish from
coastal waters, radiocesiumconcentrations of between 7 Bg/kg
(wet weight) and 79 Bg/kg (wet weight) were neasured.
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In contrast, the concentrations in non-piscivorous fish only
ranged from 6 Bqg/kg to 19 Bg/kg (wet weight). The | owest en-
richment was found in marine fish with concentrations in
fish flesh lying between 5 Bq/kg and 9 Bq/kg. A hi gher radio-
cesium concentration of 16 Bg/kg was only detected in cod
flesh (piscivorous marine fish).

Strontium90 measurenents in selected fish sanples in
the period from 1986 to 1988 showed no detectable increases
conpared with neasurenents of previous years.

For the determnation of the ingestion dose resulting
from the consunption of fish fromthe Baltic Sea and the
GDR's coastal waters, only the radionuclides Cs-134 and Cs-137
were considered because strontium in fish flesh is not enriched
under brackish-water and salt-water conditions.

For the year 1986 in which fish sanples were taken from
the above-nentioned waters only on 7 and 8 My, the ingestion
dose during the period from January to My 1986 was estimated
on the basis of the 1985 values. For the period from June to
Decenmber 1986, the radiocesium concentration of sanples taken
in 1987 was used. This calculation can be substantiated by the
results of fish sanples from inland waters. From autumn 1986
to late 1987, a nearly unchanged fish contamnation was stated,
The real values of radiocesium concentration in the fish flesh
of the analyzed sanples served as the basis for calculation for
the years 1987 and 1988.

The calculation of the individual effective dose equivalent
resulting from the consunption of fish from the Baltic Sea and
the GDR's coastal waters is given in Fig. 3 where a differenti-
ation is nmade between persons with a nmedium and a naxi mum con-
sunption rate. The group with the maxi num consunption rate com
prised about 3000 persons representing fishernen and their
famlies. Fig. 3 shows that in 1986 the ingestion doses at a
medi um and a maxi num consunption rate are higher by a factor
of 3 and 4, respectively and in 1987 by a factor of 7 and 6,
respectively than in 1985. On the basis of values neasured in
fish sanples in 1988 a slight decrease in the fish flesh conta-
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m nation could be established. Conpared with 1985, the effec-
tive ingestion dose equivalents for medium and maxi num con-
sunption rates in 1988 were higher by a factor of 3 and 4,
respectively. As against 1987, the ingestion dose to the
popul ation only amounted to 53 per cent and to the group of
fishernmen to 79 per cent in 1988. The reason for it is to be
seen in the reduction of water contamnation due to mxing up,
in the appearance of steady states and in the decrease of
Cs-134 concentration due to physical decay.

The ingestion dose caused by the consunption of fish from
the Baltic Sea and the coastal waters corresponds in about to
that resulting from the medium consunption rate for fish from
inland waters (adults 8kg/year of which about 65 per cent of
saltwater fish).

This result is not in contradiction to the contamnation
val ues shown in Fig. 1, since the consunption of fish from
extensively used inland waters is very low Mst of the fish
come from aquacultures where they are fed with only slightly
contamnated fodder so that the contamnation values are very
low too. In this way the relatively high contamnation val ues
of wild fish are conpensated.
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Fig. 1 Concentrations of radioactive cesium(Cs-134,Cs-137) in perch
and roach(flesh) in 1386 and 1987 (maximum values)
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Table 1: Calculation of

ingestion doses

resulting from consumption of Baltic fish iIn 1986

fish species Concentration Consumption rate Ingesg}on per capita effective
cs-134_,  ©s-137 (Bg.y 7) equivalent dose
(Bg.kg “f.w.) (kg per man and Cs-134 cs - 137 (5v)
year)
non-piscivorous
fish, marine 0.7 4.4 1.80 1.26 7.92 24 E-7
spratt, herring, 8.00 5.60 35.20 53 E-7
flounder, dab
piscivorous fish,
marine
cod 1.5 8.2 0.30 0.45 2.76 4.35 E-8 !
3.00 4.50 27.60 4.35 E-7 =
i
non-piscivorous
fish, fresh-water 1.5 5.8 0.20 0.30 1.16 2.02 E-8
roach, bream 1.00 1.50 5.80 1.01 E-7
piscivorous Tfish,
fresh-water 5.2 21.2 0.40 2.07 8.47 1.45 E-7
perch, pike-perch,
pike 8.50 44 .20 180.20 3.09 E-6
other species 1.8 6.7 0.30 0.54 2.01 3.52 E-8
9.50 17.10 63.65 1.12 E-6

Remarks: upper values
lower values
population:

fishermen:

mean consumption,

max imum

16,7 Mill.

3,000

consumption

Sum: 3.68 E-7

Sum: 5.3 E-6
population dose: 6.146 man,Sv
collective dose

(fishermen): 1.6 . 1072 man.Sv



Table 2: Calculation of ingestion resulting from consumption of Baltic fish iIn 1987
fish species Concentration Consumption rate Ingestion per capita effective
Cs~134_ cs-137 (kg per man and (Bq.y‘l) equivalent dose
(Bg.kg "F.w.) yvear) Cs-134 cs-137 (Sv)
non-piscivorous
fish, marine 1.2 5.6 1.80 2.16 10.08 1.68 E-7
spratt, herring,
flounder, dab 8.00 9.60 44 .80 7.45 E-7
piscivorous Tfish,
marine 2.6 13.7 0.30 0.78 4.11 6.67 E-8
cod 3.00 7.80 41.10 6.67 E-7
o =
non-piscivorous 2
fish, fresh-water 2.5 9.0 0.20 0.50 1.80 3.19 E-8 |
roach, bream - 1.00 2.50 9.00 1.60E~7
piscivorous Tfish,
fresh-water 8.9 32.9 0.40 6.67 32.83 5.77 E-7
perch, pike-perch,
pike 8.50 75.65 279,65 4_.93 E-6
other species 3.0 10.0 0.30 0.90 3.00 5.44 E-8
9.50 28.50 95.00 1.72 E-6
Remarks: s. Table 8 Sum: 8.98 E-7
Sum: 8.22 E-6
Population dose: 14.997 man.Sv
Collective dose -2
(fishermen): 2.5.10 man . Sv



Table 3: Calculation of ingestion doses resulting from consumption of Baltic fish in 1988

fish species Concentration Consumption rate Ingestion per capita effective
cs-1234 . _ Cs-137 (kg per man and (Bq.y‘l) equivalent dose
(Bg.kg “f.w.) year) Cs~134 cs-137 (Sv)
non-piscivorous
fish, marine 1.3 6.6 1.8 2.34 11. 88 1.94 E-7
herring, flounder 8.0 10. 40 52.8 8.63 E-7
piscivorous Tfish,
marine 2.6 13.4 0.30 0.78 4.02 3.90 E-8
cod 3.00 7. 80 40. 20 6.55 E-7
non-piscivorous
fish, fresh-water 0. 20 0.32 1.62 2.65 E-8
roach, bream 1.6 8.1 1.00 1.60 8.1 1.32 E-7
piscivorous Tish,
fresh-water 6.6 29.1 0,40 2.64 11. 64 1.96 E-7
perch, pike-perch 8.50 56.1 247. 35 4.17 E-6
other Species 1.0 4.7 0. 30 0. 30 1.41 2.34 E-8
9.50 9.50 44. 65 7.42 E-7

Sum 4.79 E-7

Sum 6.56 E-6
Population dose: 8.0 man.Sv
Collective dose

(fishermen): 1.97.10"2 man.Sv
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Intercomparison of Radionuclides Determined in a Baltic Sea Sediment Sample

V. Noshkin, S. Ballestra, J.J. Lopez, P.P. Parsi,D. Vas
International Atomic Energy Agency
International Laboratory of Marine Radioactivity
2 A. Prince Hereditaire Albert
MC 98000 Monaco

Introduction

In 1988 the International Laboratory of Marine Radioactivity (ILMR)
prepared and distributed 3 new marine materials with quantities of some
man-made and natural radionuclides for intercomparison and certification.
One was a sample of Baltic Sea sediment (IAEA-306) that was distributed to
102 scientists who were requested to prepare 3 aliquots from the sample
and measure as many man-made and natural radionuclides as possible using
analytical methods available to them. All participants were informed that the
expected range in concentration for the man-made radionuclides was 0- 100
Bg kg". Results have been received from 84 participants including 15 sets
of results from laboratories in member states with representatives to the
Group of Experts on Monitoring Radioactive Substances in the Baltic Sea
(MORS).

An interim report ,issued in March 1989, indicated that some of the
reported concentrations were far from the acceptable mean values
determined from a statistical analysis of the data base then available. All
participants were informed of the interim results and urged to look over their
data and inform us of any errors. There were several replies and the affected
data was corrected according to the instructions provided. All other results
remain as originally submitted.

Some of the concentrations of radionuclides in the global data base and
the MORS data base are compared herein to assess the quality of results being
generated by the MORS member state laboratories participating in this
exercise. A more detailed analysis of results from individual laboratories
Is being prepared and will be appear in a subsequent IAEA publication from
this laboratory during 1989.

Sample Collect ion and Processing

The 0 to 5 cm surface layers from a series of sediment cores collected in
the Baltic Sea during a cruise in October-November 1986 on the R/V GAUSS
{Deutsches Hydrographisches fnstitut of Hamburg, Federal Republic of
Germany), were combined to yield a sample of approximately 30 kg in weight.
The material was returned to the laboratory where it was freeze-dried and
ground in a laboratory mill. The powdered sediment was next passed through a
Imrm diameter sieve and further homogenized by mixing in a stainless-steel
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rotziing crum for one week. An aiiguot of the material was removed and
sieved. 85% of the material was found in the 63um to 250um size range while
the remaining materia!l was equally divided between the fractions <63um and
>250um. The moisture content was determined to be 0.9% of the dry weight at
the time of sample preparation. Plastic bottles were filled with 100 g of the
sediment and labelled with the code name !AEA-306.

Homogeneity Tests and Resuits

Prior to releasing any Intercomparison material from ILMR, it is a
requirement to assure that the radionuclides are distributed among the
samples in a manner that satisfies a homogeneity test. Ten bottle were
selectec at random from the prepared lot of 140 bottles. The amount of 40
and 134 1 37Cs present in the individual samples was determined
instrumentally by gamma spectrometry. Plutonium and americium were
chemicatlly separated from the samples, plated onto stainless steel disks, and
measured by alpha spectrometry. Homogeneity was determined using one way
analysis of variance and it was concluded that the material satisfied the
homogeneity criteria for the radionuclides measured.

Evaluation of Results

The concentrations of the specific radionuclides measured by the 84
participants were collated and all “less than” values were segregated from
the results. The remaining concentrations of the specific radionuclides were
checked for the presence of outliers by a non parametric statistical test. The
application of this test to sets of data is performed on a computer using a
commercially available statistical software application. Table lis a
summary of only of the results for the radionuclides that were determined by
MORS member state participants showing the number of reported and accepted
results, number of outl iers, most reliable estimates of the mean- median
values, and the confidence interval about the true median (summaries for
radionuclides reported by other laboratories but not by MORS participants
will appear in the final report from this laboratory). The confidence intervals
were determined using the number of measurements that passed the
statistical test for outliers and a statistical table defining the two-sided
95% confidence limits for the median of any continuous distribution.
Computed median concentrationns are considered to be the most reliable
estimators of the true values. Further details of the data evaluation
procedure for ! AEA 306 w i !} be described in our final report but previous
reports on the certification procedure used at {LMR may also be consulted for
information (for example, IAEA/AL/O 12, Dec. 1988).

Results and Discussion

Table 2 shows the MORS member state contributors identified by an



Summary of

Table 1

Data for Radionuclide Concentrations in Intercomparisan Baltic Sediment. IAEA 306.
Bg/kg dry weight

Reference date 1 Jan 1988.

Radionuclide # of Reported | * of Qutliers or

Measured Results .ess than Value!
239Pu 30 4
238Puy 23 5
241Am 29 9
40K 69 a3
137cs 76 6
134Cs 72 a
106Ry 23 16
1258b 14 Q
905r 18 4
235U 1 0
238U 12 3
234Th 7 )
234U 8 !
230Th 7 0
226Ra 29 4
214Ph-Bi 34 9
2 10Ph 16 i
210P0 13 Q
232Th 13 1
228Ra-Ac 25 0
228Th 17 2
212Pb-Bi,2081 24 2

* Accepted Mean Standard | :eefficient of Median Confidence limits

Results | .oncentration|Deviation 4| Variation® | .oncentratior a= 0.05
26 5.8 0.5 8 5.8 5.5-6.3
18 0.16 0.04 24 0.17 0.14-0.19
20 19 0.3 17 1.9 1.6-2.1
61 799 105 13 785 757-827
7¢ 201 17 8 201 194-206
64 52 6 12 53 50-54.3
? 18 10 55 18 2.1-31
14 4.8 0.9 13 4.9 3.8-5.4
14 4.6 1.2 25 4.8 3.5-6.0
11 7.5 3.8 50 6.4 2.7-12.4
12 73 6 9 75 65-77.4
7 83 22 27 77 65-127
7 81 S 82 76-86
7 60 6 62 53-63
21 87 29 33 84 64-102
25 71 16 23 70 61-81
15 462 103 22 435 381-535
13 393 113 29 407 305-489
12 49 4 8 48 46.6-53
25 51 7 14 50 47-54.5
15 50 5 10 SO 45-54
22 43 16 36 48 29-54

~SvI



Table 2. Results from MORS Member State Participants-lIAEA 306

Radionuclide Conce | \ration Ba/kg dry w Detected by: * allpha spectrometry; amma speclrometry; * beta. wun ting.
Code® 239PU 238Fuy Am241 40K 137cs 134cs 106Ru 1255b 805r 235U .238U_|234Th-234mP;| 234U
3 |5.520.1%(0.18£0.01° | 1.640.1* | 655+36° 170£9° 47+3° | 3126° 67%1* 78+2*
4 [S5.120.3% [0.13+0.02*|1.61£0.20*| 71127° 183+3° 45+3° 12¢2° | 6.1205° 6.5+0.7 95+6*
2.4+0.2°
13 [5.740.2%{0.14£0.03* | 1.9620.4* | 701+13° 179£3° Stet* 38+1.1° | 3.5:0.2 7743
22 830+ 10° 218+3° 62+2* (AE3N 127¢15°
23 42¢3 7| 754¢6° 190+16° | 49+4° 5.3+1.5° 11.5+0.6°
30 6S5+2* 7612
31 |9.7+0.3%0.19£0.03*| 1.720.1* 766+7* 199+2° S6+1° 5.6£0.7
33 [6.3209%| S9:05* 821+17° 209+7° S54£2° P96 | 2.7£0.5% | 7743~ 83+4*
36 S 71207 | 1735239 | 2184 &0xr7’*
50 763+19° 178+2° 43+1°
64 |6.0£0.3* 896+6* 230£2° 62+3* 642
65 [5.41£0.2* {0,180 04" | 2.4£0.2* 051" 192’ 4.4+0.1" 69+4* 7943%
6'3 690180° 174117 F7t5° 61’
75 711£18° 192+2° S8+1° 12.4¢1.3°
a1 JO7t 790 | 228419 | P95
230Th 226Ra 214Pb-8i | 210Pb 210Po 232Th 228Ra-Ac¢| 228Th 1-1208

3 595~ 825’ 2417 47+3% 386" 5442%
4 S322° 358+2° | 40717 48+2°
13 102+5° 381452 45+ 1° 4411°
22 9414 60+2°
23
3Q 50 119*
31 313+£18% 47+4*
33 513¢ 335+34' 45+2°
50 83.8+3° H+11°
64 1133 76+2° 119432' | 418+ 18% 44+1* 491+2% | 54¢1°
AS 6316 45+4* 45+4%
59 S96+4*
B 51+3° 46+2° 19+2°
R 74+3°
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assigned code number, the analytical measurement techniques used; and
concentrations of specific radionuclides reported. The MORS results are a
subset of the global data base and outliers, as identified from the statistical
tests with ai! results, are shown in italics. Each MORS participant is
encouraged to compare their individual results with the computed median
values for the radionuciides listed intable 1 and to review their procedures
if outliers are evident in the data.

4OK

All values for 40K concentrations from the 69 reporting laboratories,
including '3 participants from MORS member states, were determined by
gamma spectrometry. Eight results failed the non parametric test and were
designated as outliers. Two outliers were reported by labs 36 and 81 from
MORS member state participants.

134-137¢4

137¢s and 134Cs concentrations were reported by 76 and 72
investigators, respectively. Except for iab 65, all participants determined the
concentration of the two radionuclides by gamma spectrometry. Six values
were rejected as outliers including the one low concentration from lab 65. A
t-test was used to compare the sample means of the global data set and the
MORS data set. The correlation among the sets of results was significance
showing that the two samples (MORS and Global data sets) come from a
population of data with the same mean. This was also the case when the two
sets of results for 40K were compared.

Only 18 measurements of 0sr were provided for the Baltic Sea sediment
of which 14 were accepted after removing outliers. One value from MORS

participating lab #33 was approximately 20 times higher than the median
value computed from the accepted results.

Plutonium 239+240 and Americium 241

Plutonium was determined by 30 laboratories and only 4 values were
rejected at outliers. No results from the MORS participants were rejected.

The situation for 241Am is less satisfactory. The mean (median) value of
1.9 Ba/kg shown for 241 Am in table | (global data set) was generated after
removing 9 less than numbers and outliers from the combined alpha and
gamma spectrometry results. A t-test was used to compare the mean value
for 241 Am measured directly by gamma spectrometry with the value
determined by alpha spectrometry following radiochemicai separation. The
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mean {andmedian) vaiue determined from the concentrations measured by
gamma spectrornetry (2.94) was higher than the mean value determined by
alpha counting (1.83) and the probability of the two data sets coming from the
same population of results is very small (significance .053). There appears to
be a systematic difference between the mean values for the low
concentration of 24! Am determined by the different analyticali methods. At
this time we recommend that the computed median value for 241 Am shown in
table 1 be viewed as an information value. Most results from the MORS
participants were determined by gamma spectrometry.

Radlonuclides in the Uranium-238 and Thorium-232 Decay Series

The well known daughter radionuclides of the 238y decay series are shown
in table 3. There was !5 reported measurements of 238y by alpha
spectrometry along with 8 determinations of the 234y alpha activity in 7
instances the gamma activity from the decay of 23“‘Th(t1/2=2‘<7f‘!d) was

measured and there were 7 determinations of the 230Th alpha activity
Outliers from the data sets were rejected and t-tests were conducted to
compare computed mean values between the first 4 members of the decay
chain. The 238U shows a strong correlation with 234Th, the most immediate
daughter, but is poorly correlated with the 234y (significance = .005).
Likewise the 230Th activity is taken from a population of data different from
that of 234U, These analytical results indicate that 234y is enriched over
both its parent (238y)) and daughter (230Th) in the sediment.

The 25 reported results for 226Ra were generated either by the radon
emanation technique or by direct measurement of the 186 keV photopeak from
the decay of 226Ra, Another 34 participants measured the gamma activity
from the 214pp or 214Bi daughter decay products. We assume equilibrium
exists among all 226Ra daughter products in the sample but a t-test indicates
that the 226Ra data set and the 2!4Pb-Bi daughter data set are from
different populations; the mean from the daughter gamma data being 23%
lower than the mean of the 226Ra activity measured directly. We have no
immediate explanation for this difference. Again we suggest that these “best”
median values be used only for information at this time.

210pp was determined from the direct measurement of the 47 keV gamma
activity by gamma spectrometry and, assuming equilibrium, from the 210pg
alpha activity following radiochemical separation. Both data sets are
correlated and come from populations with the same mean. Therefore the
best value for the 2'0Pb concentration is generated from the combined
resuits generated by both methods. The best values are for: mean, 439+ 100;
median, 434; and a confidence internal of 384-489.

Excellent correlations are evident among the 23271 decay series
radionuclides determined both by alpha counting following radiochemical
separations and by direct gamma counting techniques. In this sample of Baltic
Sea sediment all the 232Th daughter products appear to be in equilibrium
with the parent radionuci ide.
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Table 3. Uranium Decay Products

238U (alpha 4.15 & 4.20 MeV)
234Th (gamma .063 & .093MeV; 35 & 4%; & 3)
234mPa (f3)
234U (alpha 4.72 & 4.77 MeV)
230Th (alpha 4.62 & 4.68 MeV)
226Ra (aipha 4.60 & 4.72 MeV; gamma 0.186-4%)
222Rn (alpha 5.49 MeV)
2 18P0 (alpha 6.00 MeV)
2 14Pb (gamma 0.295- 19%; 0.352-36%;& 3)
2 14Bi (gamma 0.609-47%;1.12-17%;1.76- 17%; &83)
2 14Po (alpha 7.69 MeV)
2 10Pb (gamma 0.047-4%; &83)
210Bi ()
2 1 0Po (alpha 5.305 MeV)

206Pb stable
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Conclusion

Although a few outliers were identified in the MORS data set, the
majority of results reported are of reasonable quality and in agreement with
the global set of results, There appears to be some unresolved differences
in concentrations for specific radionuclides determined by more than one
detection technique. This is not a problem unique to the MORS data set but
applies to ail reported results for radionuclides such as 241 Am and 226Ra
(and daughters). The results in this report may be subject to some further
small revision that will appear in the final report for IAEA-306.
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BALTIC SEA ENVIRONMENT PROCEEDINGS

JONT ACTIVITIES OF THE BALTIC SEA STATES WTH N THE FRAMEWORK OF
THE CONVENTION ON THE PROTECTION OF THE MARI NE ENVI RONMENT OF THE
BALTI C SEA AREA 1974-1978

(1979)*

REPORT OF THE INTERIM COMM SSION (1C) TO THE BALTIC MAR NE
ENVI RONVENT PROTECTI ON' COMM SSI ON
(1981)

ACTIVITIES OF THE COW SSI ON 1980

- Report on the activities of the Baltic Marine Environnent
Protection Comm ssion during 1980

- HELCOM Recommendat i ons passed during 1980

(1981)

BALTI C MARI NE ENVI RONVENT Bl BLI OGRAPHY 1970- 1979
(1981)

ASSESSMENT OF THE EFFECTS OF POLLUTI ON ON THE NATURAL RESOURCES
OF THE BALTIC SEA, 1980

PART A-1: OVERALL CONCLUSI ONS

(1981)*

ASSESSMENT OF THE EFFECTS OF POLLUTI ON ON THE NATURAL RESOURCES
OF THE BALTIC SEA, 1980

PART A-1: OVERALL CONCLUSI ONS

PART A-2: SUMMARY OF RESULTS

PART B: SC ENTIFIC MATER AL

(1981)

WORKSHOP ON THE ANALYSI S OF HYDROCARBONS | N SEAWATER

Institut fiir Meereskunde an der Universitdt Kiel, Department of
Marine Chem stry, March 23 - April 3, 1981

(1982)

ACTIVITIES OF THE COW SSI ON 1981

-~ Report of the activities of the Baltic Marine Environnent
Protecti on Commi ssion during 1981 including the Third Meeting
of the Conmi ssion held in Hel sinki 16-19 February 1982

- HELCOM Recommendati ons passed during 1981 and 1982

(1982)

ACTIVITIES OF THE COW SSI ON 1982

- Report of the activities of the Baltic Marine Environment
Protection Conmi ssion during 1982 including the Fourth Meeting
of the Commission held in Helsinki [-3 February 1983

- HELCOM Recommendati ons passed during 1982 and 1983

(1983)

SECOND BI OLOG CAL | NTERCALI BRATI ON WORKSHOP

Marine Pollution Laboratory and Marine Division of the Nationa
Agency of Environmental Protection, Denmark, August 17-20, 1982,
Ronne, Dennark

(1983)

* out of print
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No. 10 TEN YEARS AFTER THE SI GNI NG OF THE HELSI NKI CONVENTI ON
National Statenents by the Contracting Parties on the
Achi everrents in Inplementing the Goals of the Convention on the
Protection of the Marine Environnent of the Baltic Sea Area
(1984)

No. 11 STUDIES ON SH P CASUALTIES IN THE BALTIC SEA 1979-1981
Hel sinki University of Technology, Ship Hydrodynanics Labora-
tory, Qanienm, Finland
P. Tuovinen, V. Kostilainen and A Himdldinen

(1984)
No. 12 GUI DELI NES FOR THE BALTI C MONI TORI NG PROGRAMVE FOR THE SECOND
STAGE
(1984)
No. 13 ACTI VI TIES OF THE COMM SSI ON 1983

- Report of the activities of the Baltic Marine Environment
Protection Conmi ssion during 1983 including the Fifth Meeting
of the Conmission held in Helsinki 13-16 March 1984

- HELCOM Recommendat i ons passed during 1983 and 1984

(1984)

No. 14 SEM NAR ON REVI EW OF PROGRESS MADE | N WATER PROTECTI ON MEASURES
17-21 COctober 1983, Espoo, Finland
(1985)

No. 15 ACTIVITIES OF THE COW SSI ON 1984

- Report on the activities of the Baltic Marine Environment
Protection Conm ssion during 1984 including the Sixth Meeting
of the Conmission held in Helsinki 12-15 March 1985

- HELCOM Recommendat i ons passed during 1984 and 1985

(1985)

No. 16 WATER BALANCE OF THE BALTI C SEA
A Regi onal Cooperation Project of the Baltic Sea States;
I nternational Summary Report

(1986)

No. 17A FI RST PERI ODI C ASSESSMENT OF THE STATE OF THE MARI NE ENVI RONMENT
OF THE BALTIC SEA AREA, 1980-1985; GENERAL CONCLUSI ONS
(1986)

No. 17B FI RST PERI ODI C ASSESSMENT OF THE STATE OF THE MARI NE ENVI RONMENT
OF THE BALTIC SEA AREA, 1980-1985; BACKGROUND DOCUMENT
(1987)

No. 18 ACTIVI TIES OF THE COMM SSI ON 1985

-~ Report on the activities of the Baltic Marine Environment
Protection Conmi ssion during 1985 including the Seventh Meeting
of the Conmmission held in Helsinki 11-14 February 1986

- HELCOM Recommendati ons passed during 1986

(1986 )*

No. 19 BALTI C SEA MONI TORI NG SYMPGOSI UM
Tallinn, USSR, 10-15 March 1986
(1986)

* out of print
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FI RST BALTI C SEA POLLUTI ON LOAD COWPI LATI ON
(1987)%

SEM NAR ON REGULATI ONS CONTAI NED I N ANNEX || OF MARPOL 73/78 AND
REGULATION 5 COF ANNEX |V OF THE HELSI NKI CONVENTI ON

Nat i onal Swedi sh Admi nistration of Shipping

and Navigation; 17-18 November 1986, Norrkoping,

Sweden

(1987)

SEM NAR ON O L POLLUTI ON QUESTI ONS
19-20 Novenber 1986, Norrkoping, Sweden
(1987)

ACTIVITIES OF THE COW SSI ON 1986

- Report on the activities of the Baltic Marine Environnent
Protection Conm ssion during 1986 including the Eighth Meeting
of the Conmission held in Helsinki 24-27 February 1987

- HELCOM Recommendat i ons passed during 1987

(1987)*

PROGRESS REPORTS ON CADM UM MERCURY, COPPER AND ZI NC
(1987)

SEM NAR ON WASTEWATER TREATMENT | N URBAN AREAS
7-9 Septenber 1986, Visby, Sweden
(1987)

ACTIVITIES OF THE COW SSI ON 1987

- Report on the activities of the Baltic Marine Environment
Protection Conm ssion during 1987 including the Ninth Meeting
of the Conmission held in Helsinki 15-19 February 1988

- HELCOM Recommendat i ons passed during 1988

(1988)

GUI DELI NES FOR THE BALTI C MONI TORI NG PROGRAMVE FOR THE THI RD
STAGE, PART A. | NTRODUCTORY CHAPTERS
(1988)

GUI DELI NES FOR THE BALTI C MONI TORI NG PROGRAMVE FOR THE THI RD
STAGE; PART B. PHYSI CAL AND CHEM CAL DETERM NANDS | N SEA WATER
(1988)

GUI DELI NES FOR THE BALTI C MONI TORI NG PROGRAMVE FOR THE THI RD
STAGE; PART C. HARMFUL SUBSTANCES | N Bl OTA AND SEDI MENTS
(1988)

GUI DELI NES FOR THE BALTI C MONI TORI NG PROGRAMVE FOR THE THI RD
STAGE, PART D. Bl OLOG CAL DETERM NANDS
(1988)

RECEPTI ON OF WASTES FROM SHI PS | N THE BALTI C SEA AREA
- A MARPOL 73/78 SPECI AL AREA
(1989)
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No. 29 ACTIVITIES OF THE COW SS| ON 1988

- Report on the activities of the Baltic Marine Environment
Protection Conmi ssion during 1988 including the Tenth Meeting
of the Conmission held in Helsinki 14-17 February 1989

- HELCOM Recommendati ons passed during 1989

(1989)

No. 30 SECOND SEM NAR ON WASTEWATER TREATMENT | N URBAN AREAS
6-8 Septenber 1987, Visby, Sweden
(1989)
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