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In August 1_990 levels of~s-137 and Sr-90 were measured in different water masses surrounding the Faroe Islands 
together with hydrographzc parameters. in the upper layers which are of Atlantic origin the influence of the 
Sellajield discharge and the Chernobyl release were found to be minor; but in the colder and less saline waters 
north of .the islands high.er levels of Cs-137 and Sr-90 were found. The highest levels were those of the Arctic 
Intermedzate Water derzvmg from the Greenland Sea. This water is one of the components of the overflow of cold 
~ater from the Seas north of the Greenland Scotland Ridge into the world ocean and the observations showed 
mcreased Cs-137 levels, deriving from Sellajield and/or Chernobyl, in the overflow through the Faroe Bank 
Channel. 
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Introduction 

In later years there has been considerable interest in 
measurements of radioactive tracers in the sea. Partly 
this is due to environmental concern and partly due to 
the fact that radioactive tracers in some cases give 
unique opportunities for tracing water masses. 

In the waters surrounding the Faroe Islands, 
radioactivity has been measured in the surface for many 
years as reported annually from the Ris0 Laboratory. 
These measurements have shown small levels of certain 
isotopes like Cs-137 which seem mostly to derive from 
fallout (Figure 1). There have also. been sporadic 
measurements of radioactivity at greater oceanic depth 
(Livingston, 1985); but a comprehensive survey of levels 
to be found in the different water masses in .the Faroe 
region is lacking and this is a drawback because some of 
these water masses play a very significant role in the 
"overflow" of cold dense water from the Nordic Seas 
(Norwegian, Greenland, Iceland Seas) and the Arctic 
Ocean to the North Atlantic. 

This overflow is one of the key processes in the 
formation of North Atlantic Deep Water (NADW), the 
major deep water mass of the World Ocean. It occurs at 
three locations along the Greenland-Scotland Ridge. 
One of these is the Denmark Strait. The other two are on 
each side of the Faroes and consist of water masses 
discussed in this paper. Much of this water appears to 
get concentrated along the deep slope off East 
Greenland, south of the Denmark Strait where it seems 
to be very constant in transport value (Dickson et a!., 
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1990). The processes creating the different overflow 
components are, however, not necessarily the same. 
Thus the Faroe Bank Channel overflow has a large 
component of Norwegian Sea Deep Water (NSDW) 
which has formation processes quite different from those 
of the Greenland Strait overflow. It is therefore of 
importance to be able to separate the different 
components of the overflow and in order to succeed in 
that task all possible tracers should be considered. 

As was mentioned, the surface levels of radioactivity 
around the Faroes are small indicating that the 
Sellafield discharge has not significantly contaminated 
these waters. This is not surprising since these waters 
derive mainly from the open Atlantic; but at deeper 
layers water masses are found which derive from the 
Greenland Sea and other northern regions and these 
could be expected by now to have been affected by the 
Sellafield discharge and other sources. Since these water 
masses contribute to the overflow their levels of the 
important radioactive isotopes should be determined. 

With this motivation measurements of radioactivity were 
included in the NORDIC WOCE program which 
hopefully will run from 1993 to 1997. In order to ensure 
adequate sampling, however, it was considered helpful 
to do a pilot project with a much reduced sampling 
scheme to get initial indications of levels to be expected. 
This paper presents results from that pilot project. It was 
a joint effort by the Faroese Fisheries Laboratory 
(Fiskiranns6knarstovan), the science department of the 
University of the Faroe Islands, Natturuvisindadeildin 
(NVD) and the Ris0 National Laboratory in Denmark. 
The original intention was to analyse the collected 
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samples for Cs-137, Cs-134, Sr-90 and Tc-99 so that the 
origin of the radioactivity could be traced. Unfortunately 
a contamination accident at the Riso Laboratory 
destroyed the Cs-134 and Tc-99 analyses, so only Cs-
137 and Sr-90 will be reported here. 

Material and methods 

The observations reported in this paper were collected 
during a cruise with the Faroese research vessel Magnus 
Heinason in the period 17-21 August 1990. The 
observations include hydrographic casts with CTD and 
associated Rosette sampler and water samples taken by a 
large-volume sampler for radioactive analysis. 

A total of 32 hydrographic stations were occupied as 
shown on Figure 2. Except for the last one (station No. 
32) the stations are part of a set of standard sections 
which are occupied about four times a year. The station 
numbers shown on Figure 2 are the standard station 
numbers and were not occupied chronologically on this 
cruise. The standard sections cross all the major water 
masses in the Faroese region. In addition to these 
stations, station 32 was chosen for its position on the 
Iceland-Faroe Ridge at a location where overflow is 
considered to occur frequently. 

The CTD used on the cruise was an EG&G Mark V unit 
with a 12 bottle G.O. Rosette sampler attached. The 
maximum depth sampled was 1300 meters. Water 
samples were taken regularly and analysed on an 
Autosal salinometer for salinity calibration. Un
fortunately the CTD was one of the first of the Mark V 
units produced and an intermittent instrument failure 
reduced the data quality considerably. After intense 
editing, temperature and salinity profiles of reasonable 
quality were, however, obtained for all the stations 
observed except two stations on the section going north 
from the Faroes (section Non Figure 2). 

Water samples for radioactive analysis were obtained 
with a Hydro-Bios water sampler with a capacity of 270 
litres operated from a hydrographical winch. As the 
sampling is fairly time-consuming, only 14 samples 
were obtained at four different stations. Half of these 
were, however, double samples so that a total of 14 
samples were available for analysis at NVD 
(Natturuvisindadeildin, Faroe Islands) and 7 samples at 
Riso (Denmark), all of these comprising 250 litres each. 
No processing was performed on the ship. The depth of 
the large-volume water sampler was determined by a 
meter wheel. For the station in the Faroe Bank Channel 
(station 27 on Figure 2) the strong bottom currents in 
the overflow current could conceivably have given a 
false indication of the depth; but salinity samples taken 
from the water sampler confirm that the sampler was in 
the correct water mass when triggered. 
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The 7 water samples analysed in Denmark were 
transported to Riso in 50 1 plastic containers. The 250 1 
samples were split into a 50 1 and a 200 1 sample. The 
50 1 samples were analysed for Sr-90 and Cs-137 by first 
precipitating strontium as carbonate, and later 
precipitating caesium on Ammonium Molybdo 
Phosphate (AMP) at pH 2.2. Strontium was isolated 
from the carbonate precipitate by the fuming nitric acid 
method, and Sr-90 was estimated from measurements of 
its short lived daughter Y -90 eliminating the possibility 
of contamination with other beta emitters. The 
concentration of Cs-137 was measured directly on the 
AMP precipitate by high resolution gamma spectroscopy 
on aGe detector. The 1 st.dev. counting error is reported 
for the Cs-137 data. For Sr-90, the counting error was 
less than 3%, but the total analytical error is larger. The 
200 1 samples were pumped through an anion exchange 
resin for isolation of Tc-99 followed by AMP 
precipitation of caesium, in order to get material enough 
for the determination of Cs-134. Due to a contamination 
accident in the laboratory, the very low levels of both 
radionuclides were unfortunately lost in these samples. 

The 14 samples analysed at NVD were transported 
ashore in 25 1 plastic containers. 200 1 of each sample 
were used for the Cs-137 analysis while the remaining 
50 1 were stored for a possible future analysis for Sr-90 
and Tc-99. A caesium carrier (CsCl) was added to the 
200 1 and pH adjusted to 1.5-2.0. Caesium was then 
precipitated on AMP for 24 hours. The precipitate was 
vacuum filtered and washed with 0.025 M NH4N03 and 
with 0.01 M HN03, whereupon it was dried at 105 
degrees Celsius for 24 hours. The dried material was 
analysed with gamma spectroscopy using a Ge-detector 
and the software OMNIGAM from E&G Ortec. The Cs-
137 concentrations are reported with 1 st.dev. counting 
error. 

Results 

The results of the CTD observations are summarised in 
Figure 3 showing temperature and salinity along the two 
standard sections (N and W) on which water was 
sampled for radioactive analysis. The positions and 
depths of the radioactivity samples are shown on the 
sections except for the last station. The hydrographical 
situation depicted on these sections is fairly normal. 
Between station 7 and 9 on section N is seen the 
lceland-Faroe Front separating the warm and saline 
Atlantic waters from the colder and less saline waters to 
the north and east. 
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Table 1 Results of radioactivity measurements of seawater performed at NVD (T6rshavn) and at Riso (Denmark). All activities 
in Bq m-3

• The last column shows the ratio of Cs-137 to Sr-90 levels. 

Station data 

Station Position Bottom Sample 

No. Lat./ Long. depth depth 

1 62°20'N 6°05'W 81 50 

10 63°50'N 6°05'W 2400 50 

10 63°50'N 6°05'W 2400 200 

10 63°50'N 6°05'W 2400 400 

10 63°50'N 6°05'W 2400 700 

10 63°50'N 6°05'W 2400 1000 

27 61 °20'N 7°53'W 810 50 

27 61 °20'N 7°53'W 810 200 

27 61 °20'N 7"53'W 810 500 

27 61°20'N 7°53'W 810 780 

32 62°30'N 9°00'W 552 50 

32 62°30'N 9°00'W 552 200 

32 62°30'N 9°00'W 552 350 

32 62°30'N 9°00'W 552 520 

The results of the radioactivity measurements are shown 
in Table 1. The station numbers referred to in the table 
are those shown in Figure 2 and on the sections. The 
last column in Table 1 was obtained by dividing the Cs-
137 activity measured at Riso by the Sr-90 activity. 
From the table it may be noted that for the 7 samples 
analysed for Cs-137 at the two different laboratories the 
correspondence is well within the specified standard 
deviations. Thus we feel confident that these values are 
reliable. 

Discussion 

Looking at Table 1, one sees variations especially in the 
activity of Cs-137 that are well outside the error bars. 
Two questions immediately arise: Are the variations 
systematic and tied to water mass variations? Where 
does the radioactivity come from? In the following we 
discuss these two questions. 

Cs-137 content of different water masses. As regards 
Cs-137 the first question may be answered affirmatively. 
On Figure 4 we show temperature, salinity and Cs-137 
activity profiles for the four stations sampled. The 
activities plotted are those measured by NVD which are 
more complete. The most notable feature is the 
maximum at 400 meters depth on station 10. It seems 
natural to link this Cs-137 maximum either to the 
salinity maximum somewhat above or to the salinity 
minimum somewhat below which can be seen both in 
Figure 3 and Figure 4. The salinity maximum does, 
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NVD analysis Riso analysis 

Cs-137 Cs-137 Sr-90 Cs-137 

Act st. d. Act. st. d. Act. Sr-90 

2.4 0.4 2.4 0.2 1.34 1.8 

3.5 0.4 3.5 0.2 1.45 2.4 

3.7 0.4 3.7 0.2 1.48 2.5 

4.9 0.4 5.1 0.2 1.70 3.0 

3.6 0.4 3.6 0.4 1.35 2.7 

0.2 0.3 2.7 0.2 1.28 2.1 

2.8 0.4 

2.8 0.3 

3.7 0.4 

2.5 0.4 2.1 0.2 0.85 2.4 

2.5 0.4 

2.3 0.3 

2.3 0.3 

2.7 0.4 

however, coincide almost with the sample at 200 m 
depth where the Cs-137 level was considerably less than 
at 400 m, so the Cs-137 maximum is most likely 
associated with the salinity minimum at 500-600 m 
depth. This minimum with a salinity below 34.90 and 
temperature around 0 °C is a common feature in this 
area and is indeed usually much more prominent on this 
section than during the present cruise. The salinity 
minimum is associated with a water mass termed Arctic 
Intermediate Water (AIW) (Stefansson, 1962; 
Blindheim, 1990). It derives from the Greenland Sea 
and also to a less degree, probably, from the Iceland Sea 
and it enters the southern Norwegian Sea in the deeper 
layers of the East Icelandic Current (Blindheim, 1990). 

As mentioned in the introduction, the most likely route 
of Cs-137 rich waters to the Faroe area is through the 
Greenland Sea and thus it is by no means surprising that 
the highest Cs-13 7 values were observed in a water mass 
which is mostly formed in the Greenland Sea. In 1988, 
during the Greenland Sea Project, Cs-137 was measured 
on a section along 71 °N, and at depths, where the AIW 
is found, values of 5-8 Bq m·3 were obtained for Cs-137 
with Cs-137/Sr-90 ratios of 2.3-3.2 (Dahlgaard et al., 
1991). A value of 5 Bq m·3 for the AIW in the southern 
Norwegian Sea two years later is therefore not 
unexpected; but it should be noted that we did not 
measure Cs-137 in the core of the AIW, thus somewhat 
higher values might well have been found with a denser 
vertical sampling on station 10. On the other hand, 
station 10 seems from the salinity section on Figure 3 to 
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have been the station with the most clearly expressed 
occurrence of AIW during this cruise. 

Turning now to the other Cs-137 values, they also 
exhibit a clear correspondence to water mass origin. In 
Figure 5 we have plotted the TS-curves for the four 
stations where radioactivity samples were collected and 
the samples are shown on the plot with filled circles 
corresponding to their TS characteristics and with the 
Cs-137 activity noted. The main water masses have 
furthermore been shown on the figure as TS regions. 
The water masses in this area and especially those north 
of the Iceland-Faroe Front, are a rather complicated 
subject which can not be considered resolved and it is 
not made less complicated by the fact that different 
authors use different names and definitions for the water 
masses. 

For the present paper we will not discuss the water 
masses in any detail; but restrict ourselves to the 
designations in Figure 5. In addition to AIW these are: 
Modified North Atlantic Water (MNA W), Shelf water, 
North Icelandic Water (NI) and Norwegian Sea Deep 
Water (NSDW). The boundaries between different water 
masses must always be somewhat ambiguous. It may, 
f.i., be discussed where the low-temperature limit of 
MNA W should be set. In spite of these ambiguities we 
get a fairly consistent picture of the Cs-13 7 activity in 
the different water masses. 

The main water occupying the upper parts of the 
Faroese region is the MNA W and the five samples from 
this water mass have overlapping Cs-137 values within 
one st. dev. with a mean value around 2.5 Bq m-3

• 

Faroese surface water samples from 1973-1985 (Figure 
1) have in that period shown an effective half life of 10 
years for Cs-137 and 13 years for Sr-90, (Aarkrog, 
1989). Extrapolating these pre-Chernobyl data to 1990 
gives expected concentrations of 2.0 for Cs-137 and 1.5 
for Sr-90. A small input of Sellafield!Chernobyl Cs-137 
to MNA W on the order of 25% thus can not be 
excluded. 

The one sample on the Faroe shelf had a Cs-137 level 
consistent with the MNA W values which is not 
surprising as that water must be mostly MNA W which 
has been slightly modified by contact with the 
atmosphere and runoff from land. The three uppermost 
samples on station 3 2 also had a Cs-13 7 level of the 
same magnitude. These samples consisted mostly of 
MNA W, while the deepest sample at station 32 from the 
TS characteristics contained more water of northern 
origin, consistent with a slightly increased Cs-137 level. 

The other upper layer water mass, which is found north 
of the Iceland-Faroe Front has been termed NI in Figure 
5 in order to be consistent with the traditional notation 
NI/ AI for the combination of various upper-layer water 
masses north of the Iceland-Faroe Front and the AIW. 
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This water had somewhat higher Cs-137 levels than the 
MNA W which again is consistent with its formation 
area receiving input from the Greenland Sea. 

The Norwegian Sea Deep Water with temperatures 
below -0.5°C showed Cs-137 levels of the same 
magnitude as the MNA W or perhaps a bit smaller. 
Above the NSDW, Cs-137 values of 3.5-3.7 Bq m-3 

were found both north of the Faroes at station 10 and in 
the Faroe Bank Channel at station 27. North of the 
Faroes we would expect a mixing layer between the 
NSDW and the AIW with Cs-137 levels between those 
of the two parent water masses. That a Cs-137 
maximum also occurs in the Faroe Bank Channel 
between the MNA W and the NSDW reflects the fact 
that parts of this mixing layer follow the NSDW in the 
overflow out through the Faroe Bank Channel. 

The origin of the radioactive tracers. The strontium 
analysis was carried out only on the 7 samples sent to 
Riso. On Figure 4 the Sr-90 levels can be compared to 
the hydrography and to the Cs-137 levels. The Cs-137 
maximum in the AIW is found for Sr-90 also; but it is 
not as pronounced. Comparing the levels of the two 
tracers we may get an indication of the sources. 

The global fallout from atmospheric nuclear test 
explosions contaminated the world ocean with several 
long lived radionuclides during the 1950's and 1960's 
with a distinct peak in 1962-1965. Throughout the 
1970's and 1980's the Polar surface water in the East 
Greenland Current has shown higher concentrations of 
Cs-137 and Sr-90 than the central North Atlantic in 
spite of the fact that high latitude global fallout was 
smaller than mid latitude fallout. This is probably due to 
a local contamination of the Arctic Ocean with direct 
fallout from the Novaya-Zemlia nuclear test site. During 
the 1970's and early 1980's, this Polar water anomaly 
included excess Sr-90 relative to Cs-137 as compared to 
the general global Cs-137 /Sr-90 fallout ratio of about 
1.5, probably due to runoff with the Siberian rivers, 
including the River Ob, that drains the heavily 
contaminated Cheliabinsk nuclear weapons production 
area in the Urals. 

Another large contributor to North East Atlantic 
anthropogenic radioactivity is controlled release from 
the Sellafield (formerly Windscale) nuclear fuel 
reprocessing plant in UK discharging to the Irish Sea. 
The Cs-137 discharges to the Irish sea reached about 1 
PBq yr-1 (1015 Bq y(1

) in 1970-1973, and peaked at 
about 4 PBq yr-1 in 1974-1978 after which they 
gradually decreased to less than 0.1 PBq yr-1 from 1986 
and onwards. Throughout the 1980's the Sellafield 
contribution has gradually increased the Cs-137 /Sr-90 
ratio in the North East Atlantic including the East 
Greenland Current (Livingston 1985, Aarkrog e t a!., 
1987). 
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Finally, the Chernobyl Nuclear Power Plant accident 
gave significant injections of Cs-137 and Cs-134 to the 
Baltic Sea and to various locations throughout the North 
East Atlantic including Faroese waters (Aarkrog et a!., 
1988; Aarkrog et a!., 1989). When the samples, 
discussed in this paper, were obtained this direct 
Chernoby1 contamination of Faroese waters had been 
transported away. Most of the North East Atlantic 
region has, however, by now apparently been 
contaminated with Chemobyl caesium resulting in a 
general Cs-137/Sr-90 ratio larger than the global fallout 
ratio of 1.5. 

In the Greenland Sea Project data set from 1988, 
previously cited (Dahlgaard et al., 1991), a significant 
increase in the concentration of Cs-137 in several 
Greenland Sea water masses could partly be explained 
by Sellafield, partly by the Chernobyl accident. The 
highest concentrations of Chernobyl related caesium 
were found in the AIW flowing below the Polar Water 
in the East Greenland Current. 

The Cs-137/Sr-90 ratios in the last column of Table 1 
may thus give some indications of the relative 
importance of the various sources although more 
isotopes are needed to resolve the problem completely. 
For the Faroe Shelf water the value 1.8 for the Cs-
137 /Sr-90 ratio is just above the global fallout value 
indicating a small contribution by Sellafield and/or 
Chernobyl to the fallout levels in accordance with the 
above conclusion. 

For the other samples the Cs-137/Sr-90 ratio ranges 
from 2.1 to 3.0 corresponding to increasing contribution 
from Sellafield/Chernobyl to the fallout levels. The 
highest ratio is found for the peak at 400 m depth at 
station 10 and this is consistent with its source in the 
Greenland Sea as previously mentioned. The lowest 
ratio except for the Shelf water was found in NSDW at 
1000 m depth at station 10. A value of 2.1 for this water 
might still be considered high compared to the fallout 
value as this water can not have been recently in contact 
with the atmosphere; but the turnover time for NSDW is 
not considered to be much above 15 years (Heinze eta/., 
1990) and in 1981 the Cs-137/Sr-90 ratio for the Lower 
Deep Water of the Greenland Sea was estimated to be 
close to 2 (Livingston, 1985). 

Conclusion 

Although limited by a relatively coarse sampling and a 
laboratory accident, the data set obtained does present a 
consistent picture of the occurrence of Cs-137 and to a 
smaller degree Sr-90 in Faroese waters. Although 
surface levels have not been much affected by 
contamination since the global fallout from nuclear test 
explosions, other sources have increased the Cs-137 
level at intermediate depths around the Faroes especially 
in the Arctic Intermediate Water north of the islands; 

166 

but also in the overflow water passing out of the Faroe 
Bank Channel. In spite of its limitations the data set 
obtained has demonstrated the potential utility of these 
and similar isotopes as tracers for the water masses of 
this region and of the overflow. 
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Figure 1. Levels ofCs-137 (left) and Sr-90 (right) in Faroese surface waters (Aarkrog, 1989). 
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Figure 2. Map showing stations occupied by R/V Magnus Heinason 17 - 21 August 1990. Small dots indicate hydro
graphic stations. Large filled circles indicate stations where samples for radioactive analysis were obtained. 
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Figure 3. Temperature (T) and salinity (S) along two vertical sections (from the surface down to 1300 meters depth) 
shown in Figure 2. Numbers above the sections denote standard station numbers. Vertical lines denote those stations 
of these sections on which radioactivity samples were taken and filled circles on these lines indicate depths of samples. 
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Figure 4. Vertical profiles for the four stations on which radioactivity was measured. Continuous lines show 
temperature (T) and salinity (S). The filled circles show Cs-137 and the filled squares show Sr-90 levels. The station 
positions are seen on Figure 2. 
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