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INTRODUCTION

During the last four decades Baltic Sea sediments have been an excellent object for research by
radioecologists and other scientists studying sedimentation and other processes in sediments using
artificial radionuclides deposited in sediment laminae of the seabed in chronological order. This is due
to two major events which have caused significant radioactive fallout in the Baltic Sea region, leaving
distinct markers in the corresponding layers of the sediments. One was the global fallout from
atmospheric nuclear weapon tests in the late 1950s and early ’60s, resulting in clear peaks of long-
lived radionuclides such as Cs-137, Sr-90 and certain transuranic elements (especially Pu-239,240)  in
the sediments. Another was the fallout from the accident at Chernobyl NPP, in the former USSR, in
April 1986. Since the first radioactive clouds from Chernobyl travelled north and caused high
deposition in the Baltic Sea region, the Baltic was the sea most affected by the accident (Povinec et al.,
1996). The main long-lived constituents in this fallout were Cs-137 and Cs-134. These radioactive
markers have since been utilised, e.g. in dating sediments and determining the sedimentation rate (e.g.
Ilus, 1998).

The sedimentation rate (mm  a-1) and sediment accumulation rate (g cm-2 a-1) vary widely in the Baltic
Sea, depending on the area and local environmental factors there. The rates may even be different at
sampling points situated very near to each other. A study carried out in 1995-1996 showed that the
sedimentation rates varied between 0.2 and 29 mm a-1 at different soft-bottom sampling sites in the
Baltic Sea, depending on the sedimentation itself and the method used for calculation (Ilus et al.,
2000). The corresponding accumulation rates of dry matter ranged from 0.006 to 0.90 g cm-2 a-1. The
importance of undisturbed, high-quality samples is especially pronounced in sedimentation rate
studies. The loss of soft surface sediments during sampling can significantly affect the results, at least
if the calculations are based on the Cs-137 and Pu-239,240 peaks.

To get proper results, it is essential to obtain reliable samples from sediments. False conclusions are an
obvious risk if the studies are based on biased field samples (Blomqvist, 1992). To be more precise, it
is unreasonable to perform exacting and expensive analyses if the samples themselves are unreliable
or of poor quality. However, sampling of the top, least consolidated sediments is difficult and, in
addition to properly designed devices, requires standardised, and precise working methods, as well as
experience and competence from the crew, including awareness of sources of error. Sediment
sampling is without doubt one of the most exacting sampling tasks in the aquatic environment. The
prime reason is that the upper, most recent layers of sediments are usually very soft and susceptible to
resuspension, i.e. the interface between water and sediment resembles "a line drawn in water". The
fact that the crew normally can not see what is happening when the sampling device penetrates the
sediment makes the work even more difficult (Ilus, 1996).

The MORS (Monitoring of Radioactive Substances) Group of HELCOM (Helsinki Commission)
handles radioactivity monitoring in the Baltic Sea. All the countries surrounding the Baltic Sea are
partners in this co-operation and all results from participating laboratories are reported and stored in a
joint database. The MORS monitoring programme includes regulatory sampling and analyses of
sediments at permanent stations performed by different partners, and the variety of sampling devices
used by different laboratories is great. The Group therefore decided to arrange an intercomparison
exercise on sediment sampling methods and devices called "MOSSIE" (MOrs Sediment Sampling
Intercalibration Exercise) in 1992.  The arrangements for the exercise, the devices compared and the
results are presented and discussed in this report. In addition to the authors, the following persons took
part in the samplings on board the RV Aranda and RV Valdivia: Mr. Kari Huusela (STUK), Mr.
Juhani Rapo and Ms. Maija Nyberg  (Finnish Institute of Marine Research), Mr. Valerie Toporkov
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Jan Tomczak and Rafal Stojaczek (Institute of Meteorology and Water Management, Poland). Ms.
Taina Ilus was responsible for the statistical  analysis of the results and the graphs contained in this
report.



GENERAL ERRORS INVOLVED IN SEDIMENT SAMPLING

The principal requirement for a perfect sediment sample is that it must be undisturbed. This means that
the unconsolidated surface layers should remain undisturbed and unmixed and if conventional coring
tubes or vessels are used, the covering water on top of the sediment should be as clear as it is in situ. It
also means that all the lower layers must be unmixed and at exactly the same depth in the sample as they
are in situ.

The main errors involved in sediment sampling are (Fig. 1):
(1) LOSS OF soft, watery and unconsolidated SURFACE SEDIMENTS as a result of
- SCAVENGING (BLOW-AWAY) caused by the pressure wave ("shock wave" or "bow wave") built
up in front of the descending sampler;
(2) MIXING and REDISTRIBUTION OF sampled SEDIMENT LAYERS as a result of the pressure
wave,  resuspension and other external or internal factors;
(3) CORE SHORTENING = the difference between the depth of the corer’s penetration into the
sediment and the interior length of the core, i.e. the core is compressed;
(4) SMEARING = downflow of particles from the top layers to deeper layers along the core walls
during coring and/or slicing;
(5) EDGE EFFECT = loss of material from the margins of the sediment core, which means that the
surface area of the core is smaller than the orifice of the corer;
(6) BRIMMING = filling of the sampler up to the brim;
(7) TILTING of the sampling device at the bottom;
(8) LOSS OF ENCLOSED MATERIAL as a result of brimming or tilting;
(9) INGRESS OF SEDIMENT FROM THE OUTSIDE into the sample as a result of brimming,
tilting or resuspension.

The most important characteristic of a sampling device is that it must allow an unhindered flow of water
through the corer during descent and the penetration into the sediment. Otherwise, the hydraulic shock
wave (bow wave) created in front of the orifice may laterally disperse the easily resuspended surface
sediments before the corer reaches the sediment surface (Blomqvist, 1992). In all respects, good
hydrodynamic design of the corer is of great importance in avoiding the consequences of the shock wave.

Many corers tend to tilt at the bottom when the attachment wire slackens. The taller the sampling device,
the greater the risk of tilting; a high centre of gravity further increases the risk. Loss of the enclosed
material and ingress of sediment from the outside are not the only consequences of tilting. Inside, tilting
may cause accumulation of the surface sediment on one side and a wedge-shaped gap in the sediment on
the opposite side between the bulk sediment and the wall of the corer (Blomqvist, 1992). This gap is
often filled by material from the surface layer, which causes errors in the slicing as well as a sloping
surface in the sample itself.

The risk of core shortening when small-diameter gravity corers are used has been widely discussed (e.g.
Blomqvist, 1985). Nevissi et al. (1989) stated that the shortening of sediment cores is an artefact of
coring processes and occurs to some extent in almost any coring device. It is related not only to the type
of coring device but also the sediment properties and the velocity of corer penetration into the sediment.
As the core barrels are inserted into the sediment, friction along the barrel walls causes core shortening
(Jahnke and Knight, 1997). Morton and White (1997) reported that core shortening can result from
several different processes, including physical compaction, sediment thinning and sediment bypassing
during sampling.  The amount of core shortening as a function of the corer’s penetration depth is affected
by core diameter and penetration velocity (Blomqvist, 1992). In general, there is less core shortening in
corers with a large diameter and when the penetration is slow. In extremely soft surface sediments with
very high water content, core shortening is usually low.





Further down, the sediment gradually becomes more compact and the friction against the inner wall of
the coring tube increases. When the corer reaches a depth where the ratio between the wall friction and
the aperture area of the corer becomes critical, the sediment core begins to act partly as a plough and core
shortening begins. Clayey, silty sediments are compressed more than light, unconsolidated, organic
sediments, and the beginning of the shortening is related to the corer diameter (Blomqvist, 1992).
Exclusionary core shortening typically occurs where relatively stiff, low-porosity sediments overlie a
zone of soft sediments and the soft sediments are driven aside as the core barrel containing high-density
sediments penetrates deeper (Morton and White, 1997).

If recently contaminated particles in the top layer are dragged downwards along the inner wall of the
coring tube and are then found in older, deeper layers than those "in situ", the consequences of the
smearing effect are particularly disturbing in studies of sedimentation rate based on the vertical
distribution of radionuclides. Some intercomparisons have shown that the risk of smearing effect is
higher in corers with small diameters (Aarkrog and Dahlgaard, 1989, Nies et al., 1990),  but the problem
might also be related to the consistency of the bottom, the penetration velocity and tilting of the corer.

Problems linked with small-diameter gravity corers in the collection of soft and highly porous sediments
have been discussed in many publications. Baxter et al. (1981) reported that small-diameter gravity
coring and possibly other techniques using heavy and high-velocity devices in unconsolidated surface
sediments can induce extensive loss of material while simultaneously distorting the vertical distribution
of sedimentary species of interest. They argued that the extensive sediment loss and mixing process
which accompanies gravity coring produces quite feasible, and thus particularly misleading, vertical
profiles of chemical parameters, and concluded that a soft-landing hydraulically-damped coring device is
more reliable for such work. However, their results were based on experiments in which the corer was
allowed to free-fall from a few metres above the sediment surface to the bottom. Evans & Lasenby
(1984) showed that the deficiency in coring with gravity corers can be attributed to the high velocity at
which the corers fall through the water column and then enter the sediments, resulting in
dispersion/blown-away of the surface sediments due to the "shock wave" effect. They tested whether
cores taken with a gravity corer making a slow descent into the sediments would give chemical profiles
similar to those taken carefully by Scuba divers, and found that there is no evidence to reject the
hypothesis that in soft, recent sediments, "slow impact" gravity cores are comparable to diver cores.

To obtain reliable samples, gentle, slow entry and penetration of the coring tube/box into the sediment
are essential in order to prevent loss of the flocculent surface sediments. It is clear that the uppermost soft
sediments are often seriously disturbed or entirely lost when a free-falling corer is used (Blomqvist,
1992).

Favourable weather conditions and maximum ship stability are naturally advantageous in obtaining
undisturbed and reliable samples. If sampling is performed in a small vessel in shallow waters, anchoring
is always recommended before sampling. The attachment wire should be lowered as vertically as
possible, because bias from the vertical results in tilting of the corer. Supplying the corer with a
supporting frame may reduce tilting in difficult circumstances.

Repenetration of the corer into the sediment may easily lead to misinterpretations. Rolling and pitching
of the vessel may cause a problem when the sampler hits the bottom, resulting in disturbance before the
corer actually enters the sediment (Blomqvist, 1992).

The sample may also be disturbed during the corer closing operation or its withdrawal from the sediment,
and during retrieval (Blomqvist, 1992). These stages may, therefore, also require careful, gentle work.
Rotation of a corer during retrieval causes shear stress on the sediment. Since the rate of motion increases
with the sample area, large-area instruments tend to produce more disturbance (Blomqvist, 1992). To
avoid rotation, a swivel should always be connected to the wire.



SAMPLING ARRANGEMENTS AND ANALYSES

In 1992 the HELCOM/MORS Group arranged an intercomparison exercise called "MOSSIE" on
sediment sampling devices and methods. The exercise involved experts and sampling devices from five
Baltic Sea countries and was carried out using two research vessels: the Valdivia from Germany and the
Aranda from Finland. Research groups from Germany and Poland were present on board the Valdivia,
while groups from Russia, Sweden and Finland were on board the Aranda (Figs 2-4) .

The arrangement for the MOSSIE exercise was that the Valdivia and Aranda should meet simultaneously
at four sampling stations and the samples should be taken in parallel as close to each other as possible.
However, even before she reached the first sampling station the Valdivia experienced a technical fault,
and the repair caused a delay of three and a half days in its cruise schedule. This incident prevented three
of the planned meetings with the Aranda at sea and the only station with both ships working
simultaneously was station XV-1 in the eastern Gulf of Finland. The Aranda complied with the original
cruise schedule and the Valdivia visited the three other stations a few days later, using exactly the same
co-ordinates as the Aranda had done. Before establishing the final co-ordinates, echo sounding at 12 kHz
was used on the Aranda to confirm the sediment quality.

The exercise was carried out at the four sampling stations in different subareas of the Baltic Sea (Fig. 5).
The stations represent different types of sediment characteristics of the Baltic. The co-ordinates and
depths of the stations are listed below:

Code    Lat.            Lon. Depth [m] Date [Aranda]     Date [Valdivia]

BY-15    57°18.96’ N           20°01.99’ E 237 02  July 1992     06  July 1992
Teili-1    59°25.77’ N           21°29.39’ E 160 05  July 1992     09  July 1992
XV-1    60°14.99’ N           27°14.73’ E   62 08  July 1992     08  July 1992
EB-1    61°03.35’ N           19°43.14’ E 135 04  July 1992     10  July 1992

The deepest station, BY-15 in the Gotland Deep, represents the watery, anoxic sediment typical of the
deep area of the central Baltic Proper, containing rather small amounts of Chernobyl-derived
radionuclides. A brownish fluffy layer of organic detritus material 15-20 mm thick, (decomposed organic
matter, remains of the copepod Bosmina and diatom shells, as identified by microscopy on board) was
observed covering the gelatinous laminated sediment package typical of the central Gotland Basin.

Anoxic conditions are also characteristic of the station Teili-1 in the Northern Baltic Proper, where the
contamination caused by the Chernobyl fallout is somewhat higher than in the Gotland Deep.

Station EB-1 represents an oxic and relatively compact clay-mud bottom, typical of the central Bothnian
Sea, and contains far higher amounts of radionuclides originating from the Chernobyl fallout than the
previous two.



Fig. 2. R/V ARANDA at station XV-1.

Fig. 3. R/V VALDIVIA at station XV-1.









Sampling device:  GEMINI Twin Corer (FIMR; used by Finland and Russia)

Type of corer:  a gravity corer with 2 parallel Plexiglas coring tubes
Total length:  132 cm
Total weight:  33 kg + additional weights, max. 32 kg
Closing mechanism:  2 lateral rudder closers
Tube length:   79 cm
Inner diameter of tubes:   2 x 80 mm
Sampled area:  100.5 cm2

Number of parallel samples/analysis:  1 or 2
Sectioning device:  identical with that of the Niemistö Corer but with a larger diameter. It consists of a
screw-operated extruder-piston, a Plexiglas slicer base and a Plexiglas slicing ring with centimetre
scaling
Sectioning intervals:  1 or 2 or 5 cm
A second version of Gemini, Gemax, is described in:  Winterhalter, 1998.



Sampling device: Large Box  Corer (BSH)

Type of corer:   a frame-supported large box corer with portable inner 3mm stainless steel box
Total height:  255 cm (diameter of the supporting frame: 235 cm)
Total weight:   800 kg
Closing mechanism:   lateral bottom closer
Height of the box:   50 cm
Inner measures of the box:   500 x 500 mm
Total area of one haul:   2500 cm2

Number and inner diameter of the subsample tubes:   2 x ø 94 mm acrylic glass tubes
Area of subsamples:   138.8 cm2

Number of parallel hauls/analysis:   1
Sectioning device:  consists of a plastic piston with centimetre scaling and a slicing unit with 1 or 2 cm
aluminium rings, which are used to cut and remove sediment slices
Sectioning intervals:   2 cm
Described in:   not published.





Sampling device: NIEMISTÖ Corer (STUK; used by Finland and Sweden)

Type of corer:  a gravity corer with an inner Plexiglas coring tube
Total length:   140 cm
Total weight:   13 kg + additional weights, max. 28 kg
Closing mechanism:  lateral rudder closer
Tube length:  88 cm
Inner diameter of coring tube:  50 mm
Sampled area:  19.6 cm2

Number of parallel samples/analysis:  5 or 10
Sectioning device:  sectioning apparatus with a screw-operated core-extrusion piston, a Plexiglas slicer
base and slice holders with thin cover-plates for subsamples of varying thickness (0.5-5 cm)
Sectioning intervals:  1 or 2 or 5 cm
Described in:  Niemistö, 1974.



Sampling device: NIEMISTÖ Corer (Germany)

Type of corer: a gravity corer with an inner Plexiglas coring tube (copy of the original Niemistö corer
with a larger tube diameter)
Total length:   140 cm
Total weight:   13 kg + additional weights 32 kg
Closing mechanism: lateral rudder closer
Tube length:   88 cm
Inner diameter of coring tube:   54 mm
Sampled area:   22.9 cm2

Number of parallel samples/analysis:   3 (BY-15) or 4 (others)
Sectioning device:   see Niemistö Corer above
Sectioning intervals:   2 cm
Described in:   Nies et al., 1990, p. 40 (IFM Sampler).



Sampling device:  SELENA Corer (FIMR)

Type of corer: a gravity corer with an inner Plexiglas coring tube (maxi version of the STUK Corer)
Total length:   79 cm
Total weight:   25 kg
Closing mechanism: spring operated bottom valve released by a messenger weight
Tube length:  70 cm
Inner diameter: 100 mm
Sampled area: 78.5 cm2

Number of parallel samples/analysis: 2
Sectioning device: an extruder piston, a plastic slicer base and a Plexiglas slicing ring with centimetre
scaling
Sectioning intervals:  2 or 5 cm
Described in:   not published.



Sampling device: Small Box Corer (BSH)

Type of corer: a frame-supported box corer with an inner 1.5mm stainless steel box
Total height:  160 cm (supporting frame: 110 x 75 cm)
Total weight:   20 kg to 80 kg (with lead weights)
Closing mechanism:  lateral bottom closer
Height of the box:   20 cm
Inner measurements of the box:   150 x 150 cm
Total area of one haul:   225 cm2

Number and inner diameter of the subsample tubes:   1 x ø 94 mm acrylic glass tube
Area of subsamples:   69.4 cm2

Number of parallel hauls/analysis:   2
Sectioning device/method:   the same as in the large box corer
Sectioning intervals:   2 cm
Described in:   not published.

    



Sampling device: SPRUT Corer (CLOR and KRIL; used by Poland and Russia, referred to in text as
SPRUT POL and SPRUT RUS)

Type of corer: a gravity corer with an inner Plexiglas coring tube
Total height:   88 cm
Total weight:   20 kg + additional weights 10 kg (8 x 1.25 kg)
Closing mechanism: bottom closed by 12 extruding, flexible, wedge-shaped brass plates
Tube length:   59 cm
Inner diameter of coring tube:   86 mm
Sampled area:   58.1 cm2

Number of parallel samples/analysis:   1 (RUS) or 2 (POL in general)
Sectioning device:  RUS: identical with that of the STUK Corer but with a larger diameter,
POL: an extruder piston, slicing plate and ring
Sectioning intervals:   2 or 5 cm
Described in:   not published.





SOME NOTES ON SAMPLING ON BOARD THE ARANDA

Notes of this kind were available only from the Aranda. The sampling programme usually took one
day at each station. The weather conditions were quite favourable for sampling. At stations BY-15 and
Teili-1 the wind speed was about 10 m s-1 and the swell was moderate. At station EB-1 the wind speed
(about 12 m s-1) and the waves were slightly higher. The ship was kept firmly in place the whole day,
but the waves might have influenced the sampling somewhat. At station XV-1 the wind was light and
the waves were low.

There were some clear differences in the sampling procedures. The Sprut Corer was allowed to fall at
a relatively high speed into the sediment, while the others (especially Aquarius, Gemini and STUK)
were lowered very slowly and carefully when the corer was approaching the bottom. Secondly, in all
the samples other than those taken by the Sprut Corer, a wash bottle filled with local sea water was
used to rinse the sediment remains into the sample boxes from the slice holders or slicing rings. The
purpose was to obtain total dry weight and radionuclide values for the unit of area.

At each station the Aquarius Corer was operated without additional weights, but even so it was almost
filled up to the brim at station XV-1, where the sediment was extreme soft. From the two samples
taken with the Aquarius Corer at stations Teili-1 and XV-1, the second ones looked better visually (see
Tables in Appendix). Nevertheless, all the samples taken by the Aquarius Corer during this survey
were of excellent quality. The sediment surface was undisturbed, straight and horizontal, without any
sign of scavenging, smearing or tilting. The overlying water was clear and full of small benthic
animals, such as Monoporeia affinis, Mysis relicta and Harmothoë sarsi at stations EB-1 and Teili-1.

The Gemini Corer was operated without additional weights, too. It was only used at stations BY-15
and Teili-1, but all the samples looked fine, with minimal signs of smearing. The Niemistö Corer was
chosen in advance as a reference corer in this exercise, so it was the most frequently used device. It
was always operated with 3 additional weights (adding 10.5 kg). In general the samples looked fine,
with an even surface and clear overlying water, but quite frequently the edges of the core seemed to be
slightly detached from the wall of the coring tube, and clear signs of smearing could be seen. The
quality of the Swedish and Finnish samples taken by the Niemistö Corer was generally of the same
standard. However, the Swedish samples were sliced with a slicing ring (ref. Gemini Corer) and the
Finnish samples with slice holders. Both teams used wash bottles and local sea water to rinse the
slicing tools.

The samples taken by the Sprut Corer appeared to be mixed immediately after sampling. The water on
the top of the sediment core was black due to disturbance of the surface sediments. However, the
coring tubes were allowed to stand for several hours (or overnight). The overlying water was then
decanted and filtered before slicing. The aim was to analyse the filters and to add these amounts to the
surface sediment results.

The Selena and STUK Corers were tested only at station EB-1 and the Limnos sampler at station XV-
1. The cores taken by the STUK Corer looked excellent and also those taken by the Selena Corer and
Limnos Sampler were of good quality and fulfilled our quality requirements. Nevertheless, there were
minor difficulties in slicing of the first Limnos sample due to the very loose surface sediments.



RESULTS AND DISCUSSION

Bottom sediments play an important role in aquatic ecosystems, because they usually act as a final sink
for organic material produced in the water phase, as well as for other particles transported by water
currents from adjacent sea areas or other water courses and from adjacent terrestrial areas. As they slowly
sink, the particles tend to bind foreign substances from the water phase and sweep them to the bottom
(e.g. radionuclides and other contaminants).

In favourable sedimentation conditions, suspended particles form undisturbed laminae in chronological
order, and bottom sediments create an archive from which the historical features of a lake or sea area can
be read. Various particle-bound substances can be used as markers of certain historical events or periods.
With the aid of these markers the laminae can be dated. Consequently, the amounts of  Chernobyl-
derived radionuclides, for example, in sediments and their depth distribution in different sediment layers
provide an excellent opportunity to study any errors caused by different sampling equipment or
techniques. The concentration peaks of certain transuranic elements (e.g. Pu-238 and Pu-239,240) caused
by weapons test fallout in the 1950s and ’60s also provide useful markers in sedimentological studies.

The analysis results for different slices of the sediment cores taken during the MOSSIE exercise are
given in the Appendix. The vertical profiles of Cs-137 and Cs-134 and the total amounts of Cs-137 in
the entire cores are shown in Figs 6-13. Normally the samples were analysed at the laboratory that
took the samples. However, two cores taken by the Finnish Gemini Twin Corer were analysed by the
Khlopin Radium Institute, Russia (stations Teili-1 and XV-1).

In connection with the sampling exercise the IAEA-MEL, Monaco, arranged an intercalibration
exercise on radionuclide analyses based on 3 sediment samples taken from the Baltic Sea (IAEA-300,
-378, -379). The samples were provided by BSH, Germany (IAEA-300 from the Bothnian Sea and
IAEA-378 from the Gotland Deep) and the Polish Institute of Oceanology, Sopot (IAEA-379 from the
Gulf of Gdansk). The results have been published (Ballestra et al., 1994) and generally showed very
good comparability between the MORS laboratories.

Depth profiles of radionuclides

Station BY-15

At station BY-15 (237 m) in the Gotland Deep, the type of sediment is very soft and the water content in
the surface layers of the sediment is very high. Thus, there is a significant risk that the surface layers will
be disturbed, mixed or even blown away during sampling. The relatively low concentrations of Cs-137
were generally restricted to the uppermost layers of the sediment (Fig. 6).

The lowest dry weight values (0.03-0.04 g cm-3) in the surface layer (0-2 cm) were sampled with the
Niemistö G (=German), Gemini and Niemistö A (=Aranda) corers and the highest (0.21-0.25 g cm-3)
with the Small Box Corer and Large Box Corer. The highest Cs-137 peak (207 Bq kg-1 dry wt.) was also
obtained with the Niemistö G, but the highest total value in the whole profile (630 Bq m-2) was obtained
with the Aquarius. At this station quite comparable Cs-137 results were obtained with the Niemistö G,
Aquarius, Gemini, Sprut and Niemistö A. In some of the cores, relatively high concentrations of Cs-134
were detected from below the uppermost 0-2 centimetres (Fig. 7), which might indicate appearance of
the smearing effect. Plutonium was not analysed at this station.



Station Teili-1

At station Teili-1 (160 m) in the Northern Baltic Proper, the sediment type is also anoxic sulphidic mud,
which is almost as soft as the sediments in the Gotland Deep. The peak concentrations and the total
amounts of Cs-137 in the whole sediment profile are, however, far higher than at BY-15.

The dry weight values of the surface sediment layer obtained with different corers were quite close to
each other, ranging from 0.09 to 0.15 g cm-3. The lowest dry weights were sampled with the Niemistö
A, Niemistö G and Sprut POL and the highest with the Gemini RUS. The highest Cs-137 peak (545
Bq kg-1 dry wt.) was obtained from the uppermost 0-2cm layer with the Sprut POL, as well as the
highest total amount in the whole sediment profile (4940 Bq m-2). However, the cores taken by the
Gemini and Niemistö A,  and sectioned into 1-cm slices, show that the Chernobyl peak occurred in 1992
in the 1-2 cm layer (Fig. 8). At this station the Cs-137 profiles obtained  with the Niemistö A, Gemini
and Sprut RUS were quite similar and the parallel cores taken with the Aquarius were almost
identical. Likewise, the two profiles obtained with the Sprut POL and that obtained with the Niemistö
G were similar. In the last-mentioned cores, significant amounts of Cs-137 were found in the layers
below 10 cm unlike the other cores. It is possible, that there was a small difference in the sampling
positions of the Aranda and Valdivia and at this station it may significantly influence the results
because of the varying bottom topography.

In a majority of the cores, Cs-134 was detected only in the uppermost 4-6 cm, but in some cores it was
visible down to 20 cm, which may be due to the smearing effect (Fig. 9). Only one Gemini core was
analysed for Pu-239,240 and in this core the Pu peak (9.4 Bq kg-1 dry wt.) originating from  weapons
test fallout occurred in the 6-7 cm sediment layer.

Station XV-1

At station XV-1 (62 m) in the eastern Gulf of Finland, the type of sediment is very loose organic and
anoxic sulphidic mud and it is therefore often difficult to obtain undisturbed sediment samples from
this station. The highest peak concentrations of Chernobyl-derived Cs-137 were detected at this
station, although the highest total amounts in the whole sediment profile occurred at station EB-1 in
the Bothnian Sea.

The lowest dry weight values in the surface layer (0.08-0.09 g cm-3) were sampled with the Niemistö
A and Limnos corers and the highest (0.15-0.17 g cm-3) with the Sprut POL and Large Box Corer. The
highest peak concentration of Cs-137 (4700 Bq kg-1 dry wt.) was recorded in the 5-6 cm slice taken
with the Limnos corer, but the highest total amount of Cs-137 in the whole sediment profile was
obtained with the Sprut POL. The Cs-137 profiles of different corers deviated most markedly from
each other at this station (Fig. 10), as well as the total amounts of Cs-137, which ranged from 2,600 to
35,200 Bq m-2. Even the parallel cores taken by the Aquarius, Limnos, Sprut POL, Sprut RUS and
Niemistö A differed considerably from each other. Traces of smearing effect were obvious in the Cs-
134 profiles of almost all the corers (Fig. 11). In the cores taken by the Niemistö G and Limnos, the
Pu-239,240 peak occurred in the 8-10cm or 10-12cm slice, but in those taken by Sprut  they were
roughly twice as deep.

Station EB-1

At station EB-1 (135 m) in the central Bothnian Sea, the type of sediment is more compact than at the
other stations. Due to the oxic conditions in the near-bottom water, the uppermost layers of sediment
are affected by strong bioturbation. At this station the total amounts of Cs-137 in the whole sediment
profiles were higher than at any other station.



The lowest dry weight values in the surface layer (0.20-0.22 g cm-3) were sampled with the Niemistö
A, Sprut RUS, Niemistö G, Aquarius and STUK  corers and the highest (0.26-0.29 g cm-3) with the
Sprut POL and Selena corers. The highest peak concentration of Cs-137 (1750 Bq kg-1 dry wt.) was
obtained from the surface sediment layer with the Sprut RUS (Fig. 12), as well as the highest total
amount in the whole sediment profile (46,700 Bq m-2). Quite comparable results were obtained with
Sprut RUS, Aquarius, Niemistö G, Selena, STUK and Niemistö A.

In some of the cores, relatively high concentrations of Cs-134 were obtained from sediment layers
below 10 cm, which is probably due to the smearing effect (Fig. 13). The Pu-239,240 peak occurred at
a depth of 8-10 cm in the cores taken using the Sprut POL and Small Box Corer, but in the 10-15 cm
slice in the core taken using the STUK corer.

Statistical considerations

Statistical analysis of the MOSSIE data proved to be difficult or even impossible. A general problem
in analysis of this kind of data is that it is difficult to determine the "best result", i.e. the reference
value. The use of a mean value or median in this context is generally not correct, because in many
cases a maximum or a minimum value can be argued to be the best result (e.g. the highest total
amount of Cs-137 in the profile).

Especially in the MOSSIE data, the main weakness was in the planning of the sampling, which was
not systematic enough. To be able to examine the data statistically, the samples should always be
taken with the same set of corers and always using the same slicing. In addition, a sufficient number of
parallel cores should be taken with each corer. The present data include plenty of separate results
without parallel samples, so it is impossible to determine the error and confidence limits, for instance.
One specific problem in the MOSSIE data was the considerable differences between some of the
corers, and consequently the incoherence of the results.

The significance of small differences in sampling positions relative to the patchiness of radionuclides
in sediments and sedimentation rates is an open question. It was stated above that the result may differ
markedly, even at sampling points situated very close to each other. During the MOSSIE exercise the
exact sampling positions might sometimes differ slightly in the case of the numerous cores taken from
an individual ship, and especially between the two ships. When the ships were at station XV-1 at the
same time, the distance between them was about 0.5 nmi. Elsewhere the ships visited the stations
separately.

Nevertheless, serious efforts were made to find statistical differences in the results obtained with
different corers. The following criteria were used independently to examine the results:

1) The corer yielding the lowest dry weight (g cm-3) for the surface layer was chosen as the reference
corer
   - deviation may indicate an appearance of scavenging
2) The corer yielding the highest Cs-137 (peak) concentration (Bq kg-1 dry wt.) in some of the sections
was chosen as the reference corer
   - deviation may indicate eventual scavenging, mixing or smearing, etc.
3) The corer yielding the highest total amount (Bq m-2) in the whole sediment profile was chosen as
the reference corer
   - deviation may indicate scavenging, loss of enclosed material, etc.
4) The corer with  a total Cs-137 in the profile nearest to the median was chosen as the reference corer
   - in this context, the use of a median is not generally correct (see above)



5) The corer that was nearest to the FIN Niemistö Corer in total Cs-137 (Bq m-2) was chosen as the
reference corer
   - before and during the MOSSIE exercise the Niemistö Corer was the corer most frequently used in
sediment sampling by the MORS Group. The FIN Niemistö was chosen as the reference, because this
particular corer and the sampling technique used represented the original version of the device (cf.
Niemistö, 1974).

Tukey's Studentized Range (HSD) Test for Difference (SAS Institute Inc., 1989) was used for the
whole material, including the results from all the stations and corers. The test results show that if the
lowest dry weight in the surface layer or the highest peak concentration of Cs-137 is used as the
reference, none of the corers differs significantly from the others, i.e. in this respect the corers fall into
the same group (Tables I and II).

If the highest total Cs-137 value per m2 is used as the reference, the Large Box Corer differs
significantly from the Selena, STUK, Aquarius and Sprut corers (Table III). If the median of total Cs-
137 values is used as the reference, the Large Box Corer differs significantly from the Aquarius, Sprut
and Niemistö GER corers (Table IV). On the other hand, if the Niemistö FIN Corer is used as the
reference, only the Limnos Corer differs significantly from the Large Box Corer (Table V). In general,
however, the incoherence of the results hampered the use of Tukey's test for this material.

Another simplified method for testing the differences between the corers was to calculate the relative
differences from the reference corer:

value - reference
     reference

The results of these tests are given in Figs 14-17. At station BY-15 the Large Box Corer was
eliminated, because there were no useable Cs-137 results (all were "less than" values). Based on this
examination a rough ranking list was drawn up for the corers used at the four sampling stations. In
addition to criteria 1-5 given above, opposite "negative" items were included in the ranking categories:

6)   The corer with the highest dry weight (g cm-3) in the surface layer
7)   The corer with the lowest Cs-137 peak (Bq kg-1 dry wt.) in any of the surface layers
8)   The corer with the lowest total Cs-137 (Bq m-2) in the whole profile
9)   The corer with a total Cs-137 (Bq m-2) farthest from the median
10) The corer with a total Cs-137 (Bq m-2) farthest from the FIN Niemistö Corer

11)  Outliers

The ranking list is given in Table VI. The Sprut Corers were considered as one type irrespective of
whether they were used by Poland or Russia, because the corers were identical in every respect. The
Niemistö Corer used on the Aranda (A) was considered separately from that used on the Valdivia (G)
due to the different diameter of the coring tubes. However, the Niemistö Corer used on board the
Aranda was considered as one type, whether it was used by Finland or by Sweden.

In the first category, "lowest dry weight in the surface layer", the original Niemistö Corer used on
board the Aranda, the Niemistö G, Gemini and Sprut corers obtained most of the top ranks. In the
opposite category, "highest dry weight in the surface layer" the Large Box Corer, the Small Box Corer
and also the Sprut Corer gathered most of the negative top ranks.



In the second category, "highest Cs-137 peak", the Niemistö G, Sprut and Gemini corers obtained
most of the top ranks, whereas the Large Box Corer and the Small Box Corer and again the Sprut
Corer gathered most of the negative top ranks in the opposite category, 7.

In the third category, "highest total Cs-137 in the whole profile", the Sprut, Aquarius and Niemistö G
corers obtained most of the top ranks, whereas the Large Box Corer, the Small Box Corer and the
Niemistö A Corer obtained most of the negative top ranks in the opposite category, 8.

In the fourth category, "total Cs-137 in the profile nearest to median", the Sprut, Gemini and Aquarius
corers obtained most of the top ranks. The Large Box Corer, the Small Box Corer and the Sprut Corer
obtained most of the top ranks in the opposite category, 9, but the Sprut Corer and the Aquarius Corer
also gathered top ranks at two stations.

In the fifth category, "nearest to FIN Niemistö Corer in total Cs-137", the Sprut Corer and the Gemini
Corer obtained most of the top ranks. However, the Sprut Corer, together with the Large Box Corer
and the Aquarius Corer, also gathered most of the top ranks in the opposite category, 10.

In three cases the Large Box Corer was so far from the reference that it was categorised as an outlier.
The Small Box Corer was considered an outlier in two cases.

Impact of corer diameter or area

The impact of corer diameter (or area) was considered using the Finnish data collected on board the
Aranda by six corers with different diameters (or areas). Only the Finnish data were used in this respect,
because of the uniformity of the relevant results. In principle all the six corers were used in the same
way, and the results did not include any outliers.

According to some publications (e.g. Baxter et al., 1981), it has been suggested earlier that small-
diameter gravity coring or other techniques using heavy and high-velocity devices may induce extensive
loss of surface material and mixing of sediment layers. However, it seemed obvious that the major
problem was due to the high velocity at which the corers enter the sediment, resulting in a "shock wave"
effect (Evans&Lasenby, 1984). In our case, all six corers were lowered into the sediment at a very slow
velocity and the results show that the differences between the corers were not caused by scavenging or
mixing, but seem to have been caused by a factor that we call "edge effect" (cf. p. 2).

The consequences of the edge effect were clearly visible in the Finnish MOSSIE results (Ilus et al.,
1994), which showed marked differences in the total amounts of Cs-137 per m2, even though the Cs-137
concentrations per kg of dry weight were equal in parallel slices of the sediment profiles. The results
calculated per m2 were in direct correlation with the area of the corer, being lowest in the corers with the
smallest diameter (Fig. 18). The correlation between the total amount of Cs-137 per m2 and the area of
the corer was very significant, whereas no correlation was found between the Cs-137 value per kg of dry
weight in the surface layer and the area of the corer (Fig. 19). The conclusion was that edge effect
probably occurs in any type of coring device (the inner walls of the coring tubes/barrels cause loss of
material from the margins of the core). This loss is greater in corers with higher ratios between the inner
perimeter and the sampled area (in corers with small diameters), and the error is multiplied when several
parallel samples are needed for analysis when small-diameter corers are used. In this calculation we used
the maximum Cs-137 value per m2 as the best estimate of the total amount of Cs-137 in sediments, and
the Cs-137 concentration in the sample with the lowest dry weight in the 0-5 cm layer as the best
estimate for the values per kg of dry wt.



CHARACTERISTICS OF THE SAMPLING DEVICES USED IN THE MOSSIE EXERCISE

The sediment samplers used in the MOSSIE exercise includes 5 box corers and 7 tubular gravity corers.
The sources of error inherent in small-diameter corers are the main disadvantages of the Niemistö Corer.
The consequences of the edge effect have been obvious in some intercomparisons, in which the results
given per m2 have been smaller than expected in samples taken by the Niemistö Corer (Aarkrog and
Dahlgaard, 1989; Klemola et al., 1991). Another disadvantage is its tendency to tilt on compact bottoms,
because the corer is quite tall, and its centre of gravity is high up. This factor, together with the small
diameter, may lead to the smearing effect. On the other hand, the soft watery surface layers are almost
always undisturbed in samples taken with the Niemistö Corer, and its slicing device is one of the most
sophisticated.

The Gemini Twin Corer is an advanced version of the Niemistö Corer, featuring many improvements.
The most significant advantage is the larger diameter of the coring tubes, which means a lower risk of
core shortening, smearing and edge effect. In addition, the larger diameter and 2 parallel tubes mean that
the number of parallel hauls can be reduced; normally one haul is sufficient to obtain an adequate sample
for radionuclide analysis. The parallel tubes and placing of the lead weights further down than in the
Niemistö Corer increase the stability of the Gemini Corer and reduce the risk of tilting. An additional
improvement is the locking of the upper lids and  the closing rudders during descent, which increases the
corer's stability and the free flow of water through the sampling tubes. The slicing device is a
modification of that in the original Niemistö Corer, and is also very neat and sophisticated.

The STUK Corer is a very simple basic model of a tubular gravity corer. It is very safe to operate and
regularly takes good-looking sediment samples with an undisturbed surface. However, core shortening
caused by the relatively small diameter is one of the disadvantages recorded. Another weakness of the
STUK Corer is the risk of filling up to the brim on the very soft bottoms typical of the Baltic Sea,
because the corer is relatively short compared with its weight. The sectioning equipment of the STUK
Corer is also very simple and not as precise as that of the Niemistö Corer. The Selena Corer is a "big
brother" of the STUK Corer. The construction of the corer itself is identical to that of the STUK Corer,
but the size is bigger. The sectioning device is not similar, instead resembling that in the Gemini Corer.
The bigger corer diameter and length should reduce the disadvantages listed above for the STUK Corer.

The operational idea of the Limnos Sampler differs fundamentally from the other corers used in the
MOSSIE exercise. In general the cores obtained with the Limnos sampler are undisturbed and the
diameter is sufficient to minimise the disadvantages of all small-diameter corers, i.e. core shortening,
smearing and edge effect. Furthermore, the cores are sliced without extrusion through the coring tube. On
the other hand, the corer is very light and the construction is too weak for severe offshore conditions.
Slicing may be difficult in rough weather or if the sediment is very watery and soft.

The construction of the Sprut Corer is complicated, so it may sometimes be cumbersome and subject to
operational faults. However, the main weakness of the corer is the closing mechanism, which is
constructed of flexible, wedge-shaped brass plates. Especially if the type of sediment is very soft, the
plates do not keep the watery sediment inside, or they let air bubbles through, and consequently the core
and the overlying water get mixed. This happened repeatedly on board the Aranda, but on the Valdivia
the sampling succeeded better. If the core obtained is short or very soft, it easily gets lost when the corer
is passing through the water surface, especially when working on large research vessels with high rails.
The corer might be more useful on harder clay bottoms.

Use of the Large Box Corer and the Small Box Corer relies on additional on-board sampling with
hand-operated coring tubes from the original box core. This method is a means of overcoming
disadvantages such as core shortening and smearing. The use of large box corers, however, often
involves other inherent difficulties, such as tilting, brimming, ingress of sediments into the sample box



from the outside, redistribution, resuspension and loss of enclosed matter (Blomqvist, 1992). Large box
corers are often cumbersome and require the use of large research vessels. In addition, their  massive
construction, weight and less hydrodynamic design tend to disturb the soft surface layers of the
sediment, even if flaps allow for water flow through the open box, as in these devices. A supporting
stand or frame is used to reduce tilting and brimming. However, the Large Box Corer, specifically
proved to be too heavy for the soft bottoms of the Baltic Sea, and the soft surface layers were often lost
due to scavenging or brimming.

A box corer is not the best sampling device available for very soft seabeds, although it has many
advantages in sampling of hard clayey and sandy sediments. It is thus obvious that the same corer may
not be appropriate in all cases, and that different bottoms and circumstances require different devices. On
very soft bottoms the main disadvantage of the box corer is its rather massive design, which causes loss
of very soft surface sediments and makes of the corer sink too deeply into the sediment, resulting in
brimming of the coring barrel.

The smaller Aquarius Box Corer is also equipped with a frame to avoid tilting and filling up to the
brim. In addition, it is lighter and handier than the large box corers and allows water flow through the
open box during descent and penetration into the sediment. Sample handling relies on an inner Plexiglas
box (aquarium) that can be removed from the corer, after which the entire core can be thinly sliced using
a sectioning device modified from that in the Niemistö Corer. Scavenging may be the main risk in use of
the Aquarius Box Corer. However, very good samples were obtained in careful sampling with this corer
during the MOSSIE exercise. Before the corer was equipped with the frame, tilting often caused the
appearance of a wedge-shaped gap in one edge of the core, but the frame reduced this disadvantage.

CONCLUSIONS

To be able to study sedimentation and processes in sediments, it is essential to obtain reliable samples.
False conclusions are an obvious risk if the studies are based on biased field samples, and it is
unreasonable to perform exacting and expensive analyses if the samples themselves are unreliable or of
poor quality. Sampling of soft, easily resuspended sediments, however, is difficult and involves many
sources of error. In many cases the surface of the sediment is like a "line drawn in water", because the
uppermost sediment layers usually consist of very light, mobile particles. Thus, sampling of sediments is
one of the most demanding tasks in marine research. Different sources of error are associated with
different sampling equipment, and probably there is no single corer which is ideal for all kinds of
sediments.

Despite the large variety of sampling instruments and the many sources of error involved in the use of
different instruments, it is vital to know and account for the disadvantages and to work as reliably and
carefully as possible to minimise errors and obtain undisturbed and reliable samples.

The instruments best suited to quantitative sampling of soft-bottom sediments appear to be those based
on the coring principle. Box corers can be reliably used mainly for bulk sampling of coherent sediments
and some silty and sandy sediments. Nevertheless, it should be borne in mind that the same instrument
may not be the best alternative for all types of bottom, and different circumstances require different types
of instrumentation.



The aim of each given study should determine what kind of sampling equipment should be used. If the
aim is to study the distribution of recently settled radionuclides in the uppermost layers of sediment, for
instance, the criterion should be the most exact slicing system, even if the diameter of the corer is small.
When monitoring total amounts of radionuclides in sediments, the best choice might be a corer with a
large sampling area. The most important criterion should be, however, that the corer used is able to take
undisturbed samples of good quality (unmixed surface layer, clear water layer above it, etc.).

Many factors speak in favour of corer orifices with relatively large diameters/areas. It is not possible,
however, to increase the tube diameter endlessly without having a negative impact on the corer’s
handiness and making it more difficult to handle and slice the cores.

In this study the main emphasis was placed on comparing the sampling devices in order to find the best
available instrumentation for Baltic Sea sediments. Intercomparison of analysis methods and results has
shown good comparability between the participating laboratories (Ballestra et al., 1994).

Typical sources of error involved in sampling with the corers tested  were as follows:

•  Aquarius: potential risk of scavenging or tilting. Slicing, not as precise as in tube corers with a
smaller diameter.

•  Gemini: low risk of smearing, tilting or core shortening. In general this corer yields undisturbed,
good-looking samples.

•  Large Box Corer: significant risk of scavenging and filling up to the brim on the very soft bottoms
of the Baltic Sea. Probably more useful on harder clay and silt bottoms.

•  Limnos: the corer may be too light and its construction too weak for severe offshore conditions.
Slicing may be difficult in rough weather or if the sediment is very watery and soft.

•  Niemistö: the sources of error inherent in small-diameter corers (smearing, core shortening, edge
effect) and the risk of tilting are the main disadvantages. On the other hand, the slicing device is one
of the most sophisticated. The problems associated with small-diameter corers are probably slightly
less great in the German Niemistö Corer, because its diameter is somewhat larger.

•  Selena: potential risk of core shortening and low risk of filling up to the brim on very soft bottoms.
•  Small Box Corer: obvious risk of scavenging and filling up to the brim on the very soft bottoms of

the Baltic Sea. Probably more useful on harder clay and silt bottoms.
•  Sprut: the main weakness is the closing mechanism of the corer, which may cause "bubbling" and

mixing of the core.
•  STUK: potential risk of brimming on very soft bottoms and core shortening are the main

disadvantages recorded. In general this corer yields undisturbed, good-looking samples. Slicing is not
as precise as in many other tube corers.

In general, the results obtained with the ten sediment corers were so variable and inconsistent, and the the
incoherence and deviations in  the study material were so large that statistical analysis of the data proved
to be difficult or even impossible. Five criteria were used to examine the results. The relative difference
between the chosen reference corer and the other corers were determined at each sampling station based
on these criteria. As a summary, a ranking list was drawn up to indicate the usability of the different
sampling devices at the 4 sampling stations.
1) When the corer yielding the lowest dry weight for the surface layer was chosen as the reference corer,
the average relative differences calculated for the ten corers were in the order: STUK < Niemistö G <
Niemistö A <  Limnos < Gemini < Selena < Aquarius < Sprut< Small Box Corer < Large Box Corer.
2) When the corer yielding the highest Cs-137 peak concentration in any of the slices was chosen as the
reference corer, the order of the average relative differences calculates for each corer  was as follows:
STUK < Limnos < Selena < Sprut < Gemini = Niemistö A = Niemistö G < Aquarius < Small Box Corer
< Large Box Corer.



3) When the corer yielding the highest total amount of Cs-137 in the whole sediment profile was chosen
as the reference corer, the order of the average relative differences calculated for each corer was as
follows: Selena < STUK < Aquarius < Niemistö G < Sprut < Limnos < Gemini < Niemistö A <Small
Box Corer < Large Box Corer.
4) When the corer with a total Cs-137 in the profile nearest to median was chosen as the reference, the
order of the average relative differences calculated for each corer was as follows: Limnos = STUK <
Selena < Gemini < Aquarius < Niemistö G < Niemistö A < Sprut < Small Box Corer < Large Box Corer.
5) When the corer nearest to the FIN Niemistö Corer in total Cs-137 was chosen as the reference,  the
order of the average relative differences calculated for each corer was as follows: STUK < Selena <
Gemini < Niemistö G < Small Box Corer < Sprut < Aquarius < Limnos < Large Box Corer.

In summary, the averages of the above mean values for each corer were:
(the value indicates the average relative difference from the reference corers; thus the lowest values differ
least from the references)

                * STUK 0.12
                * Selena 0.22
                * Limnos 0.29
    Gemini 0.29
    Niemistö G 0.30

Niemistö A 0.31
Aquarius 0.37
Sprut 0.38
Small Box Corer 0.70
Large Box Corer 1.02

* these results are not fully comparable, because these corers were used only at one station

In general the results show marked differences in the total amounts of  Cs-137 per square metre, even
when the Cs-137 concentrations per kg of dry weight were equal. The results calculated per m2 were in
direct correlation with the area of the corer, being lowest in the corers with the smallest diameter. The
correlation between the total amount of Cs-137 per m2  and the area of the corer was very significant,
whereas no correlation was found between the Cs-137 value per kg of dry weight in the surface layer and
the area of the corer. We assume that this result is due to an "edge effect". The inner walls of the coring
tubes/barrels cause loss of material from the margin of the corer. This loss is greater in corers with a
higher ratio between the inner perimeter and the sampled area (corers with a small diameter), and this
error is multiplied when small-diameter corers are used and several parallel samples are needed for
analyses.  However, it should be kept in mind that in spite of many disadvantages associated with the
small-diameter corers, their slicing systems are generally most accurate.

Experience from this and earlier intercalibration exercises indicates that differences in sediment types
and sedimentation processes should be the main arguments in selecting the sampling equipment and
method. It is also clear that no universal sampler exists that meets all the requirements of sediment
sampling. Consequently, this intercomparison of the results should not be considered as an exhaustive
evaluation of the devices.

 This exercise showed that the results obtained with different sampling devices may differ significantly.
In spite of the variability of the results, the work proved valuable, because it shows how much emphasis
must be put on sampling in sediment studies. In this sense it is valuable not only for scientists studying
radioactive substances but for all the scientists working on sediments.
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Figures
6-19



Fig. 6. Vertical profiles of Cs-137 obtained with different corers at station BY-15.



Fig. 7. Vertical profiles of Cs-134 obtained with different corers at station BY-15.



Fig. 8. Vertical profiles of Cs-137 obtained with different corers at station Teili-1.



Fig. 9. Vertical profiles of Cs-134 obtained with different corers at station Teili-1.



Fig. 10. Vertical profiles of Cs-137 obtained with different corers at station XV-1.



Fig. 11. Vertical profiles of Cs-134 obtained with different corers at station XV-1.



Fig. 12. Vertical profiles of Cs-137 obtained with different corers at station EB-1.



Fig. 13. Vertical profiles of Cs-134 obtained with different corers at station EB-1.



Fig. 14. Relative differences between other corers and the reference corer at station BY-15.



Fig. 15. Relative differences between other corers and the reference corer at station Teili-1.



Fig. 16. Relative differences between other corers and the reference corer at station XV-1.



Fig. 17. Relative differences between other corers and the reference corer at station EB-1.







Tables
I-VI



Table I. Results of Tukey’s test, reference "lowest dry weight in surface layer".

Reference: Surface layer (0-2 cm) with lowest dry weight

General Linear Models Procedure

Tukey’s Studentized Range (HSD) Test for variable: STDden

NOTE: This test controls the type I experimentwise error rate, but generally has a higher type II error
rate than REGWQ.

Alpha= 0.05  df= 41  MSE= 0.520375
Critical Value of Studentized Range= 4.728
Minimum Significant Difference= 2.1049
WARNING: Cell sizes are not equal.
Harmonic Mean of cell sizes= 2.625547

Means with the same letter are not significantly different.

Tukey Grouping Mean N Corer

A 1.3108 5 SMALL BOX
A
A 0.6418 3 LARGE BOX
A
A 0.5564 14 SPRUT
A
A 0.4677 7 AQUARIUS
A
A 0.4573 1 SELENA
A
A 0.3720 4 GEMINI
A
A 0.3139 2 LIMNOS
A
A 0.2853 5 NIEMISTÖ G
A
A 0.2412 9 NIEMISTÖ A
A
A 0.1069 1 STUK



Table II. Results of Tukey’s test, reference "highest peak concentration of Cs-137".

Reference: Highest (peak) concentration of Cs-137

General Linear Models Procedure

Tukey’s Studentized Range (HSD) Test for variable: STDCs-137

NOTE: This test controls the type I experimentwise error rate, but generally has a higher type II error
rate than REGWQ.

Alpha= 0.05 df= 41  MSE= 0.059457
Critical Value of Studentized Range= 4.728
Minimum Significant Difference= 0.7115
WARNING: Cell sizes are not equal.
Harmonic Mean of cell sizes= 2.625547

Means with the same letter are not significantly different.

Tukey Grouping Mean N Corer

A -0.1429 1 STUK
A
A -0.1702 2 LIMNOS
A
A -0.2000 1 SELENA
A
A -0.2221 14 SPRUT
A
A -0.3291 5 NIEMISTÖ G
A
A -0.3307 9 NIEMISTÖ A
A
A -0.3337 4 GEMINI
A
A -0.3736 7 AQUARIUS
A
A -0.5105 5 SMALL BOX
A
A -0.6579 3 LARGE BOX



Table III. Results of Tukey’s test, reference "highest total Cs-137 value in the whole profile".

Reference: Highest total Cs-137 values per m2

General Linear Models Procedure

Tukey’s Studentized Range (HSD) Test for variable: STDtotCs

NOTE: This test controls the type I experimentwise error rate, but generally has a higher type II error
rate than REGWQ.

Alpha= 0.05  df= 41  MSE= 0.036823
Critical Value of Studentized Range= 4.728
Minimum Significant Difference= 0.5599
WARNING: Cell sizes are not equal.
Harmonic Mean of cell sizes= 2.625547

Means with the same letter are not significantly different.

Tukey Grouping Mean N Corer

A -0.1595 1 SELENA
A
A -0.1925 1 STUK
A
A -0.1991 7 AQUARIUS
A
A -0.2267 14 SPRUT
A

B A -0.2404 5 NIEMISTÖ G
B A
B A -0.3377 2 LIMNOS
B A
B A -0.4247 4 GEMINI
B A
B A -0.5062 9 NIEMISTÖ A
B A
B A -0.6348 5 SMALL BOX
B
B -0.7938 3 LARGE BOX



Table IV. Results of Tukey’s test, reference "median of total Cs-137 value".

Reference: Median of total Cs-137 values

General Linear Models Procedure

Tukey’s Studentized Range (HSD) Test for variable: STDtotCs

NOTE: This test controls the type I experimentwise error rate, but generally has a higher type II error
rate than REGWQ.

Alpha= 0.05  df= 41  MSE= 0.085126
Critical Value of Studentized Range= 4.728
Minimum Significant Difference= 0.8513
WARNING: Cell sizes are not equal.
Harmonic Mean of cell sizes= 2.625547

Means with the same letter are not significantly different.

Tukey Grouping Mean N Corer

A 0.2102 7 AQUARIUS
A
A 0.1801 14 SPRUT
A
A 0.1576 5 NIEMISTÖ G
A

B A 0.0409 1 SELENA
B A
B A 0.0000 1 STUK
B A
B A -0.0010 2 LIMNOS
B A
B A -0.0152 4 GEMINI
B A
B A -0.2441 9 NIEMISTÖ A
B A
B A -0.4923 5 SMALL BOX
B
B -0.7112 3 LARGE BOX



Table V. Results of Tukey's test, reference "nearest to the FIN Niemistö Corer in total Cs-137".

Reference: Niemistö Corer

General Linear Models Procedure

Tukey’s Studentized Range (HSD) Test for variable: STDtotCs

NOTE: This test controls the type I experimentwise error rate, but generally has a higher type II error
rate than REGWQ.

Alpha= 0.05  df= 41  MSE= 0.185159
Critical Value of Studentized Range= 4.728
Minimum Significant Difference= 1.2556
WARNING: Cell sizes are not equal.
Harmonic Mean of cell sizes= 2.625547

Means with the same letter are not significantly different.

Tukey Grouping Mean N Corer

A 0.6244 2 LIMNOS
A

B A 0.6078 7 AQUARIUS
B A
B A 0.5598 14 SPRUT
B A
B A 0.5477 5 NIEMISTÖ G
B A
B A 0.2843 4 GEMINI
B A
B A 0.2228 1 SELENA
B A
B A 0.1747 1 STUK
B A
B A -0.0429 9 NIEMISTÖ A
B A
B A -0.3092 5 SMALL BOX
B
B -0.6404 3 LARGE BOX



Table VI. Ranking list of different corers at different stations compiled on the basis of the 11 categories (see the text).

Station 1 2 3 4 5 6 7 8 9 10 11

BY-15 Nie G Nie G Aqu Sprut Sprut L box L box L box L box L box L box

Gem Aqu Nie G Gem Gem S box S box S box S box S box S box

Nie A Gem Sprut Aqu Aqu Sprut Sprut Nie A Nie A Aqu

EB-1 Nie A Sprut Sprut STUK Sprut Sele S box S box S box Sprut -

Sprut Nie G Aqu Nie A STUK Sprut Sprut L box L box S box -

Nie G Nie A Nie G Sprut Sele - - Sprut Sprut Aqu -

Teili-1 Nie A Sprut Sprut Sprut Gem Gem L box L box Sprut Sprut L box

Nie G Nie G Nie G Gem Sprut L box S box S box L box Nie G S box

Sprut Gem - Aqu Aqu Aqu Aqu Nie A S box L box

XV-1 Nie A Limn Sprut Limn Gem L box L box L box L box Sprut L box

Limn Sprut Aqu S box Sprut Sprut Nie G Nie A Nie A Aqu

Gem - - Nie G Limn - Gem Nie G Sprut L box



APPENDIX
Analytical data



_________________
0 = below detection limit
- = not analysed

Sampling station: BY-15

Sampler: Aquarius Corer FIN (I) Number of cores: 1 Area: 333.1 cm2 (182x183 mm)

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

 0-2 35.0 500 10 200 - - -
  2-4 52.0 450 0 83 - - -
  4-6 72.0 750 0 37 - - -
  6-8 128.0 780 0 16 - - -
  8-10 144.0 800 0 8.6 - - -

10-15 373.0 890 0 3.5 - - -
15-20 416.0 930 0 0 - - -

Sampler: Aquarius Corer FIN (II) Number of cores: 1 Area: 333.1 cm2 (182x183 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
 (cm) (g) Bq/kg dry wt.

0-5 88.0 530 0 130 - - -
5-10 242.0 770 0 29 - - -

10-15 373.0 880 0 7.1 - - -
15-20 419.0 1000 0 0 - - -

Sampler: Large Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 500x500

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 68.2 910 < 4.3 < 2.0 - - -
2-4 78.9 930 < 4.1 < 1.7 - - -
4-6 75.9 890 < 4.1 < 1.8 - - -
6-8 86.2 820 < 3.7 < 1.6 - - -

8-10 86.5 800 < 3.3 < 1.5 - - -
10-12 81.2 860 < 2.2 < 1.0 - - -
12-14 77.9 780 < 2.4 < 1.0 - - -
14-16 83.1 720 < 2.6 < 1.2 - - -
16-18 70.0 860 < 2.4 < 1.0 - - -
18-20 89.4 770 < 1.9 < 1.1 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Small Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 150x150

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 58.2 760 <4.0 13 - - -
2-4 60.5 920 <3.9 6.0 - - -
4-6 64.5 930 <4.4 3.1 - - -
6-8 66.7 930 <4.3 <1.9 - - -

8-10 69.3 930 <4.3 <1.9 - - -
10-12 77.3 920 <3.2 <1.3 - - -
12-14 73.0 940 <4.0 <1.7 - - -
14-16 76.5 880 <3.1 <1.2 - - -
16-18 77.5 960 <2.2 <0.90 - - -
18-20 80.4 920 <1.7 <0.70 - - -

Sampler: Sprut Corer POL Number of cores: 2 Area: 116.2 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 14.2 570 5.4 111 - - -
2-4 23.9 660 0.50 73 - - -
4-6 50.4 990 0.30 20 - - -
6-8 64.3 990 0 6.0 - - -

8-10 71.9 1120 0 3.0 - - -
10-15 170.6 1110 0 0.6 - - -
15-20 176.7 1150 0 0 - - -

Sampler: Gemini Corer FIN Number of cores: 2 Area: 100.5 cm2 (Ø 80 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 8.0 480 13 190 - - -
2-4 13.0 500 1.5 97 - - -
4-6 18.0 580 0 52 - - -
6-8 38.0 730 0 16 - - -

8-10 40.0 800 0 9.0 - - -
10-15 117.0 890 0 4.8 - - -
15-20 127.0 960 0 0 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Niemistö Corer FIN Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 11.0 500 12 160 - - -
2-4 18.0 580 0 68 - - -
4-6 26.0 680 0 24 - - -
6-8 39.0 760 0 10 - - -

8-10 43.0 820 0 6.6 - - -
10-15 112.0 950 0 0 - - -
15-20 119.0 860 0 0 - - -

Sampler: Niemistö Corer S Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 8.5 670 10 133 - - -
2-4 19.3 780 6.0 40 - - -
4-6 31.7 850 0 16 - - -
6-8 36.4 560 0 9.7 - - -

8-10 41.7 970 0 3.8 - - -

Sampler: Niemistö Corer D Number of cores: 3 Area: 68.7 cm2 (Ø 54 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 4.7 650 < 13 207 - - -
2-4 9.9 550 < 7.8 102 - - -
4-6 16.4 640 < 5.9 49 - - -
6-8 28.4 800 < 4.7 19 - - -

8-10 31.4 950 < 5.0 11 - - -
10-12 32.6 990 < 4.7 7.2 - - -
12-14 35.2 1020 < 4.9 3.5 - - -
14-16 34.3 1050 < 3.0 2.2 - - -
16-18 36.8 1030 < 3.0 1.6 - - -
18-20 39.1 1020 < 2.8 1.5 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Sprut Corer RUS (I) Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 6.6 <3700 <7.0 180 - - -
2-4 9.2 <2800 <6.0 88 - - -
4-6 17.0 <1800 <6.0 15 - - -
6-8 23.1 <1400 <6.0 10 - - -

8-10 28.3 <1100 <4.0 <3.0 - - -
10-15 75.3 <750 <2.0 5.6 - - -
15-20 77.9 <750 <2.0 <1.0 - - -

Sampler: Sprut Corer RUS (II) Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 8.5 <3000 <7.0 137 - - -
2-4 12.2 <2200 <15 136 - - -
4-6 20.3 <1500 <4.0 31 - - -
6-8 28.1 <1200 <4.0 4.3 - - -

8-10 28.0 <1200 <3.0 <3.0 - - -
10-15 75.7 <730 <3.0 <1.0 - - -
15-20 75.9 <530 <2.0 <2.0 - - -



_________________
0 = below detection limit
- = not analysed

Sampling station: Teili-1

Sampler: Aquarius Corer FIN (I) Number of cores: 1 Area: 333.1 cm2 (182x183 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-5 229.0 790 16 270 - - -
5-10 205.0 800 0 75 - - -

10-15 412.0 900 0 12 - - -

Sampler: Aquarius Corer FIN (II) Number of cores: 1 Area: 333.1 cm2 (182x183 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-5 214.0 750 19 270 - - -
5-10 223.0 900 1.4 95 - - -

10-15 419.0 1000 0 14 - - -

Sampler: Large Box Corer D Number of cores: 2 Area: 138.8 cm2 (94 mm ), total 500x500

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 39.8 840 <5.8 62 - - -
2-4 51.3 970 <4.8 26 - - -
4-6 68.3 1010 <4.3 9.7 - - -
6-8 84.6 1080 <4.1 4.8 - - -

8-10 93.4 1070 <2.8 2.3 - - -
10-12 98.9 1100 <1.9 1.4 - - -
12-14 100.0 1090 <2.6 <1.2 - - -
14-16 102.1 1090 <3.1 <1.5 - - -
16-18 96.7 1110 <2.2 <1.4 - - -
18-20 95.3 1060 <2.2 <0.90 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Small Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 150x150

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
 (cm) (g) Bq/kg dry wt.

0-2 37.0 730 <6.6 84 - - -
2-4 44.8 930 <5.7 33 - - -
4-6 66.3 970 <4.4 10 - - -
6-8 80.0 1050 <4.4 5.2 - - -

8-10 92.1 1040 <3.9 3.1 - - -
10-12 102.2 1090 <2.9 1.6 - - -
12-14 100.0 1060 <2.7 <1.2 - - -
14-16 102.1 1090 <2.6 <1.1 - - -
16-18 103.9 1100 <2.2 <0.90 - - -

Sampler: Sprut Corer POL (I) Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 13.2 850 25 397 - - -
2-4 17.5 840 23 386 - - -
4-6 16.4 560 13 186 - - -
6-8 17.4 810 3.0 109 - - -

8-10 17.6 560 0 79 - - -
10-15 39.8 940 0 53 - - -
15-20 87.3 1170 0 5.0 - - -

Sampler: Sprut Corer POL (II) Number of cores: 2 Area: 116.2 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 29.0 1140 27 545 - - -
2-4 29.0 1080 23 512 - - -
4-6 35.0 810 16 295 - - -
6-8 33.0 1020 0 126 - - -

8-10 38.0 950 0 106 - - -
10-15 74.0 1080 0 89 - - -
15-20 146.0 1580 0 11 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Sprut Corer RUS Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 14.5 <1900 <26 282 - - -
2-4 18.4 <1800 28 257 - - -
4-6 18.4 <1600 <7.0 111 - - -
6-8 18.0 <1600 <8.0 56 - - -

8-10 27.6 <1200 <5.0 8.0 - - -
10-15 106.6 <480 <2.0 <1.0 - - -
15-20 110.0 <800 <2.0 4.6 - - -

Sampler: Gemini Corer FIN Number of cores: 4 Area: 201.1 cm2 (Ø 80 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-1 24.0 690 22 310 0.28 1.5 0.18
1-2 35.0 820 23 360 0.070 1.3 0.053
2-3 35.0 820 18 280 <0.03 1.3 -
3-4 30.0 830 3.4 130 0.10 1.9 0.052
4-5 26.0 690 0 99 0.17 3.5 0.048
5-6 25.0 810 0 89 0.31 8.7 0.011
6-7 28.0 840 0 51 0.21 9.4 0.022
7-8 42.0 920 0 29 0.19 4.9 0.038
8-9 48.0 950 0 15 <0.02 2.3 -

9-10 56.0 1000 0 10 <0.02 0.50 -
10-15 378.0 980 0 0 <0.02 0.10 -
15-20 369.0 1000 0 0 <0.02 <0.02 -

Sampler: Gemini Corer RUS Number of cores: 1 Area: 50.3 cm2 (Ø 80 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 15.0 <1900 <13 379 - - -
2-4 16.0 <1800 <9.0 221 - - -
4-6 13.0 <2100 <7.0 117 - - -
6-8 22.0 <1400 <6.0 25 - - -

8-10 25.0 <1100 <5.0 12 - - -
10-15 98.0 <700 <2.0 <1.0 - - -
15-20 102.0 <800 <3.0 <1.0 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Niemistö Corer D Number of cores: 4 Area: 91.6 cm2 (Ø 54 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 20.6 790 23 393 - - -
2-4 26.9 760 22 373 - - -
4-6 25.0 670 11 198 - - -
6-8 25.3 820 <6.1 108 - - -

8-10 24.5 750 <6.0 86 - - -
10-12 24.7 870 <6.3 78 - - -
12-14 32.4 970 <3.5 40 - - -
14-16 45.2 1070 <2.9 14 - - -
16-18 59.3 1100 <2.6 5.9 - - -
18-20 68.8 1110 <2.4 3.3 - - -

Sampler: Niemistö Corer FIN (I) Number of cores: 10 Area: 196.3 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-1 18.0 680 22 300 - - -
1-2 24.0 720 25 330 - - -
2-3 26.0 690 21 300 - - -
3-4 24.0 830 6.7 170 - - -
4-5 24.0 820 2.9 120 - - -
5-6 23.0 800 2.4 87 - - -
6-7 30.0 890 0 43 - - -
7-8 35.0 900 0 29 - - -
8-9 47.0 1100 0 15 - - -

9-10 52.0 980 0 7.9 - - -
10-15 337.0 970 0 3.5 - - -
15-20 355.0 1100 0 0 - - -
20-25 370.0 1100 0 0 - - -
25-30 384.0 1100 0 0 - - -

Sampler: Niemistö Corer FIN (II) Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 25.0 840 21 300 - - -
2-4 29.0 830 10 210 - - -
4-6 28.0 850 0 66 - - -
6-8 42.0 950 0 20 - - -

8-10 57.0 980 0 8.1 - - -
10-15 177.0 1100 0 3.0 - - -
15-20 179.0 1000 0 0 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Niemistö Corer S Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
 (cm) (g) Bq/kg dry wt.

0-2 21.7 870 43 373 - - -
2-4 24.8 840 12 195 - - -
4-6 27.6 770 3.0 63 - - -
6-8 42.5 800 2.2 24 - - -

8-10 58.8 1110 0 6.2 - - -
10-15 171.9 790 0 3.4 - - -
15-20 173.6 830 0 1.2 - - -



_________________
0 = below detection limit
- = not analysed

Sampling station: XV-1

Sampler: Aquarius Corer FIN (I) Number of cores: 1 Area: 333.1 cm2 (182x183 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
 (cm) (g) Bq/kg dry wt.

0-5 207.0 850 210 2400 - - -
5-10 252.0 860 120 1400 - - -

10-15 250.0 790 9.5 190 - - -
15-20 282.0 790 6.8 110 - - -

Sampler: Aquarius Corer FIN (II) Number of cores: 1 Area: 333.1 cm2 (182x183 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-5 210.0 800 170 2100 - - -
5-10 251.0 850 200 2300 - - -

10-15 228.0 840 14 270 - - -
15-20 173.0 840 5.5 150 - - -

Sampler: Large Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 500x500

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 46.2 910 <7.3 113 - - -
2-4 48.6 910 <7.0 99 - - -
4-6 51.8 910 <6.6 104 - - -
6-8 57.4 950 <6.1 99 - - -

8-10 57.7 940 <4.9 94 - - -
10-12 63.3 960 <4.5 73 - - -
12-14 66.4 990 <3.5 44 - - -
14-16 64.0 970 <3.2 21 - - -
16-18 66.8 960 <2.9 9.2 - - -
18-20 68.0 970 <2.6 3.2 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Small Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 150x150

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 34.9 920 182 2501 - - -
2-4 41.0 910 158 2164 - - -
4-6 35.7 870 215 2953 - - -
6-8 42.8 920 25 432 - - -

8-10 41.8 920 7.5 213 - - -
10-12 43.4 920 5.5 163 - - -
12-14 44.2 940 4.0 159 - - -
14-16 48.0 940 4.6 164 - - -

Sampler: Limnos Corer FIN (I) Number of cores: 2 Area: 135.9 cm2 (Ø 93 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-1 12.0 650 98 1100 0.02 2.0 0
1-2 18.0 770 130 1500 0.18 2.6 0.069
2-3 16.0 660 130 1600 0.13 2.7 0.048
3-4 22.0 830 170 2100 0.14 3.1 0.045
4-5 20.0 810 190 2300 0.090 3.1 0.029
5-6 19.0 840 400 4700 0.29 3.9 0.074
6-7 21.0 780 130 1600 0.12 3.5 0.034
7-8 22.0 860 26 390 0.14 4.0 0.035
8-9 23.0 810 17 290 0.20 4.1 0.048

9-10 23.0 790 12 230 0.090 3.8 0.023
10-15 108.0 910 5.0 140 0 0 0

Sampler: Limnos Corer FIN (II) Number of cores: 1 Area: 67.9 cm2 (Ø 93 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 16.0 740 140 1600 0.13 2.8 0.046
2-4 20.0 780 270 3100 0.090 3.0 0.030
4-6 21.0 800 190 2300 0.16 3.6 0.044
6-8 23.0 740 17 280 0.12 3.8 0.031

8-10 21.0 770 5.4 160 0.13 4.2 0.030
10-15 57.0 830 3.0 120 - - -
15-20 63.0 790 2.3 96 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Sprut Corer POL (I) Number of cores: 2 Area: 116.2 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 34.9 890 187 2126 - 2.8 -
2-4 46.6 940 395 4385 - 3.1 -
4-6 43.9 880 41 599 - 4.1 -
6-8 36.1 960 9.0 195 - 5.0 -

8-10 41.2 870 3.0 122 - 5.5 -
10-12 45.4 860 1.0 98 - 6.0 -
12-14 46.1 850 2.0 102 - 6.3 -
14-16 48.3 890 2.0 99 - 6.5 -
16-18 64.7 910 0.90 96 - 7.3 -
18-20 57.2 900 0 91 - 7.9 -

Sampler: Sprut Corer POL (II) Number of cores: 2 Area: 116.2 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-3 49.9 1120 188 2539 - - -
3-6 60.1 1310 286 3693 - - -
6-9 64.3 1130 9.1 276 - - -

9-12 67.1 1100 1.8 160 - - -
12-15 79.1 1180 1.3 139 - - -
15-18 87.0 1140 0 129 - - -
18-21 98.0 1160 0 100 - - -

Sampler: Sprut Corer RUS (I)  Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 16.4 <1900 240 2470 0.14 3.5 0.040
2-4 18.6 <1700 337 4620 0.13 4.4 0.029
4-6 16.3 <1900 <12 591 0.17 4.4 0.38
6-8 16.5 <1800 <12 229 0 5.1 -

8-10 22.0 <1500 <6.0 134 0 5.9 -
10-15 52.6 <800 <4.0 113 0 6.8 -
15-20 51.4 <800 <3.0 116 0 8.5 -



_________________
0 = below detection limit
- = not analysed

Sampler: Sprut Corer RUS (II) Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 16.8 <1800 <100 1820 - - -
2-4 28.8 <1100 210 2170 - - -
4-6 19.4 <1600 31 383 - - -
6-8 17.6 <1700 <6.0 213 - - -

8-10 20.8 <1600 <10 136 - - -
10-15 50.0 <800 <4.0 110 - - -
15-20 60.0 <700 <2.0 96 - - -

Sampler: Gemini Corer RUS Number of cores: 1 Area: 50.3 cm2 (Ø 80 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 11.0 <2400 114 1600 - - -
2-4 14.0 <2000 120 1840 - - -
4-6 16.0 <1800 78 1230 - - -
6-8 16.0 <1800 95 1490 - - -

8-10 16.0 <1900 15 340 - - -
10-15 39.0 <1000 <5.0 144 - - -
15-20 42.0 <1000 <5.0 124 - - -

Sampler: Niemistö Corer D Number of cores: 4 Area: 91.6 cm2 (Ø 54 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

Analysed by BSH (D)
0-2 22.5 880 128 1729 0.14 2.8 0.049
2-4 31.0 930 104 1422 0.17 3.4 0.048
4-6 32.8 950 101 1403 0.17 3.8 0.044
6-8 32.7 950 127 1694 0.20 4.5 0.044
8-10 35.4 940 52 758 0.14 5.0 0.027
10-12 35.5 920 <6.6 167 0.12 5.4 0.021
12-14 37.6 920 <4.8 117 0.12 5.1 0.023
14-16 38.0 960 <4.6 83 0.090 3.8 0.023
16-18 41.3 980 <4.1 69 - - -
18-20 42.0 940 <3.5 57 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Niemistö Corer FIN Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 24.0 800 170 2100 - - -
2-4 28.0 810 120 1500 - - -
4-6 29.0 870 89 1100 - - -
6-8 30.0 840 6.5 180 - - -

8-10 32.0 810 0 110 - - -
10-15 79.0 850 0 98 - - -
15-20 94.0 - - - - - -

Sampler: Niemistö Corer S Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 15.4 950 255 2711 - - -
2-4 20.3 700 107 1439 - - -
4-6 20.2 900 38 476 - - -
6-8 20.3 700 9.0 156 - - -

8-10 24.8 980 13 123 - - -
10-15 85.1 700 4.0 117 - - -
15-20 95.8 740 5.0 109 - - -



_________________
0 = below detection limit
- = not analysed

Sampling station : EB-1

Sampler: Aquarius Corer FIN Number of cores: 1 Area: 333.1 cm2 (182x183 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-5 360.0 880 110 1300 - - -
5-10 532.0 1000 110 1400 - - -

10-15 415.0 1000 57 740 - - -

Sampler: Small Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 150x150

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

Analysed by BSH (D)
0-2 64.5 990 120 1585 0.20 3.3 0.060
2-4 78.7 950 113 1483 0.12 3.6 0.033
4-6 92.2 1010 51 737 0.25 4.4 0.056
6-8 93.9 1030 7.7 176 0.14 4.6 0.030

8-10 98.1 1030 <3.4 96 0.20 5.6 0.035
10-12 98.4 1060 <3.5 69 0.13 4.6 0.028
12-14 101.8 1050 <3.4 46 0.11 3.0 0.036
14-16 102.3 1030 <2.4 24 0.02 1.4 0.050
16-18 104.7 1050 <2.0 12 0 0 -
18-20 102.8 1040 <2.0 7.4 0 0 -

Sampler: Large Box Corer D Number of cores: 2 Area: 138.8 cm2 (Ø 94 mm ), total 500x500

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 67.7 980 118 1552 - - -
2-4 76.4 1010 111 1509 - - -
4-6 91.6 1060 41 608 - - -
6-8 96.9 1070 4.3 132 - - -

8-10 100.0 1070 <3.3 72 - - -
10-12 102.2 1100 <2.6 22 - - -
12-14 112.6 1110 <1.9 13 - - -
14-16 113.2 1100 <2.1 9.0 - - -
16-18 117.6 1090 <2.0 6.0 - - -
18-20 115.9 1070 <2.1 5.6 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Selena Corer FIN Number of cores: 2 Area: 157.1 cm2 (Ø 100 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 90.0 960 120 1400 - - -
2-4 99.0 880 110 1300 - - -
4-6 108.0 970 97 1200 - - -
6-8 112.0 990 60 800 - - -

8-10 122.0 790 49 630 - - -
10-15 290.0 970 0 150 - - -
15-20 305.0 1000 0 73 - - -

Sampler: Sprut Corer POL (I) Number of cores: 2 Area: 116.2 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 60.1 1080 114 1425 - 2.6 -
2-4 77.6 1020 124 1392 - 2.9 -
4-6 81.3 1070 94 1157 - 3.0 -
6-8 97.8 1150 16 252 - 3.8 -

8-10 89.1 1100 2.0 94 - 4.4 -
10-12 84.5 1180 0 67 - 4.0 -
12-14 95.0 1180 0 44 - 2.8 -
14-16 92.8 1170 0 26 - 1.5 -
16-18 92.7 1160 0 7.0 - 0.50 -
18-20 95.8 1170 0 6.0 - 0.03 -

Sampler: Sprut Corer POL (II) Number of cores: 2 Area: 116.2 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-3 85.8 980 105 1210 - - -
3-6 114.0 900 95 1220 - - -
6-9 113.7 1020 41 541 - - -

9-12 129.7 1020 2.0 80 - - -
12-15 131.0 1010 2.9 61 - - -
15-18 135.1 1020 3.4 28 - - -
18-21 134.8 1010 2.5 8.3 - - -



_________________
0 = below detection limit
- = not analysed

Sampler: Sprut Corer RUS (I) Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 23.2 <1400 110 1580 0 3.0 -
2-4 27.8 <1300 93 1510 0 3.3 -
4-6 29.2 <1200 98 1550 0 3.2 -
6-8 37.9 <900 85 1210 0 3.5 -

8-10 33.9 <1200 <70 939 0 3.5 -
10-15 100.0 <900 <4.0 146 0 4.4 -
15-20 100.0 <720 <2.0 76 0 4.6 -

Sampler: Sprut Corer RUS (II) Number of cores: 1 Area: 58.1 cm2 (Ø 86 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
 (cm) (g) Bq/kg dry wt.

0-2 29.2 <1200 110 1750 - - -
2-4 27.4 <1300 85 1440 - - -
4-6 29.8 <1200 92 1490 - - -
6-8 31.8 <1200 81 1410 - - -

8-10 41.1 <900 85 1170 - - -
10-15 111.0 <700 15 309 - - -
15-20 103.0 <700 <3.0 88 - - -

Sampler: STUK Corer FIN Number of cores: 3 Area: 96.5 cm2 (Ø 64 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 42.0 890 110 1300 0.12 2.8 0.042
2-4 59.0 900 120 1500 0.13 3.1 0.041
4-6 63.0 940 110 1400 0.13 3.1 0.041
6-8 68.0 1000 78 1000 0.16 3.2 0.050

8-10 67.0 970 31 460 0.18 3.3 0.054
10-15 172.0 1000 3.2 120 0.19 6.6 0.028
15-20 173.0 1100 0 76 0.19 4.3 0.044



_________________
0 = below detection limit
- = not analysed

Sampler: Niemistö Corer D Number of cores: Area: 91.6 cm2 (Ø 54 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 38.6 930 122 1699 - - -
2-4 51.7 990 117 1661 - - -
4-6 59.5 980 121 1696 - - -
6-8 64.9 980 83 1210 - - -

8-10 72.4 1050 11 217 - - -
10-12 71.6 1080 <2.0 104 - - -
12-14 74.1 1090 <2.2 86 - - -
14-16 75.3 1110 <1.5 57 - - -
16-18 75.9 1090 <1.8 19 - - -
18-20 77.1 1100 <1.7 8.4 - - -

Sampler: Niemistö Corer FIN Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
(cm) (g) Bq/kg dry wt.

0-2 43.0 870 120 1400 - - -
2-4 52.0 920 120 1400 - - -
4-6 57.0 920 100 1300 - - -
6-8 64.0 930 71 900 - - -

8-10 70.0 990 26 380 - - -
10-15 166.0 1100 0 95 - - -
15-20 175.0 950 0 46 - - -

Sampler: Niemistö Corer S Number of cores: 5 Area: 98.2 cm2 (Ø 50 mm )

Depth Dry wt. K-40 Cs-134 Cs-137 Pu-238 Pu-239 Pu-238/Pu-239
 (cm) (g) Bq/kg dry wt.

0-2 38.6 1210 173 1652 - - -
2-4 47.5 870 121 1626 - - -
4-6 54.5 910 142 1588 - - -
6-8 59.9 830 126 1476 - - -

8-10 59.4 780 77 1003 - - -
















