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Abstract  
 

Analyses of marine and terrestrial samples collected in 
August 2003 from Bylot Sound at Thule, Northwest 
Greenland, show that plutonium from nuclear weapons in the 
American B52 plane, which crashed on the sea ice in January 
1968, persists in the environment. 

The highest concentrations of plutonium are found in the 
marine sediments under the location where the plane crashed.  
The distribution of plutonium in the marine sediment is very 
inhomogeneous and associated with hot particles with 
activities found up to 1500 Bq 239,240Pu.  Sediment samples 
collected in Wolstenholme Fjord north of the accident site 
show plutonium concentrations, which illustrates the 
redistribution of plutonium after the accident.   

The total plutonium inventory in the sediments has been 
assessed based on systematic analyses considering hot 
particles.  The inventory of 239,240Pu in the sediments within a 
distance of 17 km from the point of impact of the B52 plane 
is estimated at 2.9 TBq (1 kg).  Earlier estimates of the 
inventory were approximately 1.4 TBq 239,240Pu. 

Seawater and seaweed samples show increased 
concentrations of plutonium in Bylot Sound.  The increased 
concentrations are due to resuspension of plutonium-
containing particles from the seabed and transport further 
away from the area.  Plutonium concentrations in seawater, 
seaweed and benthic animals in Bylot Sound are low but 
clearly above background levels.  

All soil samples collected from Narssarssuk show accident 
plutonium with levels above background.  Plutonium is very 
inhomogeneously distributed and associated with particles in 
the surface layers.  Hot particles were found in soil with 
activities up to 150 Bq 239,240Pu.   

Plutonium in the marine environment at Thule presents an 
insignificant risk to man.  Most plutonium remains in the 
seabed under Bylot Sound far from man under relatively 
stable conditions and concentrations of plutonium in seawater 
and animals are low.  However, the plutonium contamination 
of surface soil at Narssarssuk could constitute a small risk to 
humans visiting the location if radioactive particles are 
resuspended in the air so that they might be inhaled. 
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analysis.  Standard preparation methods used include drying at 105 ºC, freeze drying 
and ashing at 450 ºC.   Soil and sediment samples were sieved by removing stones 
larger than 1.5 mm and in addition soil samples were ashed in order to eliminate the 
organic content, which varied from 5 to 50%.  The methods applied are shown in 
Table 5.1.1. 
 
Table 5.1.1.  Methods used for preparation of samples prior to radionuclide 
analysis. 
Sample type Drying Freeze drying Sieving Ashing
Seawater, filter    X 
Seaweed X   X 
Sediment  X X  
Soil  X X X 
Benthic biota  X  X 
Seal  X  X 
 
 

5.2 Radiochemical analyses   
Gamma-emitting radionuclides (137Cs and naturally occurring radionuclides) were 
analysed by direct measurements of samples after mass reduction.  For radionuclides 
emitting alpha and beta particles such as plutonium isotopes, 241Am, 90Sr and 99Tc, 
chemical procedures are required to separate the radionuclides in question from the 
sample matrix and interfering radioisotopes prior to measurement.  Measurements of 
alpha-emitting radionuclides were made by alpha spectrometry using Si detectors 
and beta-emitting radionuclides were measured by low-level gas-flow Geiger-Müller 
counters. 

The radiochemical analyses of plutonium, americium, strontium and technetium 
were based on procedures developed by Chen (2001, 2002).  Chemical yields were 
determined using radioactive tracers. 

Due to the low concentrations of plutonium and technetium in seawater at Thule, 
large samples of 175 litres were collected for determination of these radionuclides.  
Other sample types were collected in kilogram quantities.  Typical amounts of 
sample material used for the different analyses are listed in Table 5.2.1. 

 
Table 5.2.1.  Typical amounts of sample used for analyses (kg). 
Sample type Pu-isotopes/241Am Gamma (137Cs+other) 90Sr 99Tc 
Seawater 175 50 50 175 
Seaweed 0.01 (ash) 0.15 (ash) Na 0.01 (dry) 
Sediment 0.001 (dry) 0.015 (dry) Na Na 
Soil 0.001 (ash) 0.015-0.25 (ash) Na Na 
Benthic biota 0.0003-0.002 (ash) Na Na Na 
Seal 0.01 (ash) 0.07 (ash) Na Na 
Na – not analysed 
 
The chemical procedure for analysis of plutonium was further improved compared to 
that described by Chen (2001).  The improved procedure gives more complete 
dissolution of plutonium in the samples, higher chemical yields, higher 
decontamination for interfering naturally occurring radionuclides (isotopes of 
uranium, thorium and polonium) and better energy resolution for the alpha-
spectrometric measurements.  The performances of the previous and the improved 
chemical procedure were compared by analysing two sediment samples using the 
two procedures.  The results of the two methods agreed well with each other, within 
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5.5 Analytical quality 
The reliability of Risø’s analytical results on plutonium isotopes, 241Am and other 
radionuclides is tested regularly by participation in international intercomparison 
exercises on analyses of radionuclides in environmental samples.  For the last 10 
years Risø has participated in about 2 international intercomparisons per year many 
of which have included plutonium and americium in environmental samples.  The 
intercomparisons demonstrate good quality of Risø’s analytical results (Fogh 2000; 
Fogh et al. 2002; IAEA 1999, 2000a, 200b, 2001, 2004, 2005; Nielsen, 1996, 2004; 
Outola 2005).   

 

 

 

6 Results 

6.1 Sediments 
 
Sediment samples were collected from 27 locations in Bylot Sound, 2 locations in 
Wolstenholme Fjord north of Bylot Sound and 2 locations in Baffin Bay about 30 
km southwest of Wolstenholme Island.  Water depths at the locations were in the 
range 185-259 m in Bylot Sound, 90-120 m in Wolstenholme Fjord and 645-690 m 
at the two locations in Baffin Bay.  The locations in Bylot Sound and Wolstenholme 
Fjord are shown in Fig. 3.2.   

The sediment cores were generally collected to 30 cm depth and sliced in 3-cm 
sections.  From one to three sediment cores were collected at each location resulting 
in more than 500 sediment samples.  The samples ranged in size from tens to 
hundreds of grams of dry weight sieved material.  Nearly all sediment cores were 
analysed by gamma spectrometry for gamma emitting radionuclides and about 300 
samples were analysed by radiochemical procedures followed by alpha spectrometry 
for plutonium and americium.  The gamma analyses involved standard long-term 
analyses of aliquots from the samples as well as short-term screening analyses, 
which systematically included all material in the sediment cores analysed in 5-15 g 
aliquots in order to account for all hot particles.  

The radiochemical procedures and alpha-spectrometry measurements were carried 
out on 1-g aliquots of the samples permitting identification of 238Pu, 239,240Pu and 
241Am.  Profiles of 239,240Pu concentration (Bq kg-1 dw) with depth are given for the 
locations investigated in Figs. 6.1.1-6.1.3.  Most of the profiles are based on results 
of the alpha-spectrometry measurements but in some cases 241Am concentrations 
determined by gamma spectrometry have been used to estimate the plutonium 
profiles.  The concentrations of 239,240Pu vary considerably across the locations.  The 
maximum concentration at each location ranges from 2 Bq kg-1 at location Ny-5 
(Fig. 6.1.1) to 5400 Bq kg-1 at location 03-20 (Fig. 6.1.2).  Location Ny-5 is a 
background site some 50 km from the contamination in Bylot Sound and the 
concentrations of 239,240Pu in the sediments here are low and due to global fallout 
from nuclear weapons testing.  Location 03-20 in Bylot Sound is 3 km from the 
point of impact of the B52 plane and the maximum concentration of 239,240Pu in the 
sediment from this profile is clearly due to the presence of a hot particle in the 0-3 
cm layer.  The maximum concentrations across the locations occur at varying depths 
in the sediments ranging from the surface layer to about 15 cm under the surface.  
The profiles illustrate the non-uniform distribution of plutonium with depth in the 
sediments and the effects of the biological mixing due to the benthic fauna. 
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Fig. 6.1.1.  Concentrations of 239,240Pu in sediment cores from Bylot Sound (Bq kg-1 
dw).  
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Fig. 6.1.2.  Concentrations of 239,240Pu in sediment cores from Bylot Sound (Bq kg-1 
dw). 
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Fig. 6.1.3.  Concentrations of 239,240Pu in sediment cores from Bylot Sound (Bq kg-1 
dw). 
 
Concentrations of 238Pu were detected in 150 of the sediment samples analysed by 
alpha spectrometry.  The activity ratios of 238Pu to 239,240Pu show clear differences 
between locations.  The activity ratios from the sediment samples in Bylot Sound are 
characteristic of accident plutonium and show little variability with an average value 
of 0.013±0.005 (1 SD, n=127).  The average activity ratio at the background site Ny-
5 is 0.035±0.020 (1 SD, n=9), which is close to the typical value of the activity ratio 
in global fallout of 0.04 (Perkins and Thomas, 1980).  The activity ratios at the 
locations C and D in Wolstenholme Fjord some 17 km from the point of impact are 
intermediate with a mean of 0.029±0.024 (1 SD, n=14).  Concentrations of 241Am 
were detected in 37 sediment samples, and also here the activity ratios show clear 
differences by location.  The activity ratios of 241Am to 239,240Pu at location Ny-5 
show a mean value of 0.46±0.13 (1 SD, n=10) while the ratios in samples from Bylot 
Sound and Wolstenholme Fjord show a mean value of 0.15±0.05 (1 SD, n=27). 

The depositions of 239,240Pu on the seabed in terms of total activity by area are shown 
in Table 6.1.1 in which the locations are sorted by distance from the point of impact 
of the B52 plane.  The comparison of the depositions obtained from the different 
analytical methods shows considerable variation within locations thus illustrating the 
inhomogeneous distribution of plutonium in the sediments.  In some cases hot 
particles were included in the 1-g aliquots analysed by chemical separation and alpha 
spectrometry, e.g. in the sediment core from location 03-16 where the aliquot from 
the 3-6 cm layer contained a 239,240Pu activity of about 1 Bq.  In other cases the 
standard gamma analyses of typical 15-g aliquots contained hot particles, e.g. in the 
sediment core from location 03-20 where an aliquot from the 0-3 cm layer contained 
a 239,240Pu activity of about 100 Bq.  The systematic screening of all material from 
the sediment cores also in several cases revealed hot particles, which were not 
identified from the alpha-spectrometric analyses or the standard gamma analyses.  
The most obvious example of this is from the sediment core from location 03-18 
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where an aliquot from the 3-6 cm layer contained a 239,240Pu activity of about 1500 
Bq. 

Table 6.1.1.  Total deposition of 239,240Pu (kBq m-2) at locations in Bylot Sound 
determined by three analytical methods: 1) radiochemical separation and alpha 
spectrometry, 2) standard gamma spectrometry and 3) screening by gamma 
spectrometry. Distances are shown from the locations to the point of impact of the 
B52 aircraft. 
Location Distance 

(km) 
Alpha 

(kBq m-2)
Gamma standard

(kBq m-2) 
Gamma screening

(kBq m-2) 
V2 0.2 17.5 19.7 25.4 
Y 0.7 6.6 4.4 14.4 
03-13 0.7 6.7 19.2 35.5 
X2 0.8 21.7 91.3 61.8 
20 1.0  36.0  
03-12 1.2 14.7 86.1 35.6 
03-11 1.5  19.5  
03-18 1.6 16.9 13.1 223.0 
03-16 1.9 37.6 23.6  
03-10 2.1 6.0 10.4 31.7 
22 2.2 3.4 1.7 6.0 
25 2.2 9.9 13.4  
03-04 2.4 13.3 25.6 40.2 
03-04 2.4  25.5  
03-08 2.5 8.1 11.5 12.5 
03-19 2.7  12.3  
03-09 2.7 5.9 5.8 5.6 
03-07 3.1  8.9  
03-20 3.1 2.8 120.1 23.5 
03-03 3.3 5.3 9.6 9.8 
03-03 3.3  20.2  
03-06 4.6 5.2 7.7 13.9 
03-06 4.6  6.7  
03-21 5.3 1.7 3.8  
03-02 5.6 14.7 11.1 18.9 
03-02 5.6  9.5  
03-05 6.9 7.0 10.9 12.2 
03-05 6.9  21.0  
03-01 7.9 3.1 3.8  
03-01 7.9 4.1 14.5 11.9 
03-22 9.4 1.0 2.2  
D 16.4 2.6 0.4  
D 16.4 0.1   
C 17.0  1.7  
C 17.0 1.0 1.1  
Ny-5 47.8 0.05 0.06  
1412 56.1  0.01  
 

A rough view of the activity distribution in Bylot sound sediments may be obtained 
by plotting the number frequency of measured 241Am activities in sediment samples 
of size 5-15 g. Such a plot is shown in Fig. 6.1.4.  It may be anticipated that the 
activity distribution of particles in the sediments is log normal.  The distribution has 
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a geometric mean activity of 0.27 Bq 241Am, which corresponds to about 2 Bq 
239,241Pu. 

sample  activitydistribution in sediments
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Fig. 6.1.4.  Activity distribution of 241Am in sediment samples. 
 

 

100 µm 

Fig. 6.1.5.  CR-39 film exposed to a sediment sample showing tracks from alpha 
particles due to plutonium and americium. 
 
The isolation of individual (larger, several tens of micrometer) Pu-particles from the 
sediments indicate that they are usually coated with some material but seldom 
associated to other particles. Evidence from this comes from many of the track etch 
films used to localize the individual particles. If mainly associated to other particles, 
shadow effects due to shielding by the sedimentary matter of emitted alpha particles 
should have been seen frequently but this has not been the case.  Fig 6.1.5 shows a 
typical example of a track etch film (CR-39) exposed to a sediment sample.  
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6.1.1 Size fractionation 
The upper 12 cm of sediments from four sediment cores were subject to wet sieving 
in order to evaluate the activity distribution of plutonium among the different size 
fractions. Of the four cores selected two were from station P while the two other 
cores were collected at stations 03-14 and 20, respectively. Fig. 6.1.1.1 shows the 
distribution of mass by grain size for the four samples, and Fig. 6.1.1.2 shows the 
corresponding distribution of 239,240Pu concentration by grain size. 
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Fig. 6.1.1.1.  Distribution of mass by grain size for four sediment samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Size fractions 239+240Pu activity concentration relative bulk sample 
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Fig. 6.1.1.2.  Distribution of 239,240Pu concentration between grain-size classes 
relative to concentration in bulk (unfractionated) sediment. 
 
Although the activity concentration does not change much over the various size 
classes the major part of the sediment mass is generally found in the finer fractions 
which therefore hold most of the Pu activity seen here. The distribution of plutonium 
among the sediment size classes is of importance for the resuspension of bottom 
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sediments and their transport away from the area. Analysis of plutonium isotope 
signature in the suspended matter close to the bottom in Bylot Sound indicates that 
the elevated levels are due to resuspended sediments containing accident plutonium; 
cf. Section 6.3. 

The distribution of plutonium among the various size classes seen here from stations 
03-14, 20 and P(2) may be representative for samples where the occurrence of larger 
hot particles is low. If particles with high plutonium content are present, their 
distribution among the sediment size classes will dominate the plutonium 
distribution as is the case for the sample from station P(1). 

 

6.1.2 Plutonium inventory in sediments 
The total inventory of 239,240Pu in the marine sediments was estimated from the 
results of the standard gamma and screening analyses of the sediment cores.  Only 
activities of 241Am above the detection limit have been considered, which means that 
the concentrations determined from this procedure are slightly underestimated due to 
the relatively short measurement times for the screening analyses (about 2000 sec). 
The lengths of the sediment cores at some stations, notably station V2, were 
insufficient to collect the entire sediment depth profile, which further underestimates 
the total inventory somewhat. Samples collected from previous sampling expeditions 
at station V2 have shown depositions in the range of 50-100 kBq m-2 of 239,240Pu 
while at this time only about 20 kBq m-2 was found. 

 

Plutonium-239,240 in Marine Sediments at Thule
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Fig. 6.1.2.1.  Deposition of 239,240Pu (kBq m-2) at locations in Bylot Sound shown by 
distance from the point of impact of the B52 plane.  An exponential function is fitted 
to the data as indicated. 
 
The 239,240Pu concentrations were calculated from the measured 241Am data using the 
ratio 241Am/239,240Pu of 0.17 as found from analyses of hot particles. The ratio from 
sediment samples from Bylot Sound shows a mean value of 0.15 ±0.05 (1 SD, 
n=27). 

20  Risø-R-1549(EN) 



 

The deposition of 239,240Pu in the marine sediments versus distance from the impact 
point in Bylot Sound may be approximated with an exponential function.  The data is 
from Table 6.1.1 and Fig. 6.1.2.1 shows the deposition of 239,240Pu as a function of 
distance out to 18 km from the point of impact with a regression line fitted to the 
data.  Integrating the exponential function over an area up to 17 km from the point of 
impact assuming that the distribution depends on distance only yields a total 239,240Pu 
inventory of 2.9 TBq.  In agreement with procedures used from previous 
assessments it is assumed that land covers 60% of the area at distances above 7.5 
km.  Based on the regression fit, the 95% confidence interval for the inventory of 2.9 
TBq is from 1.4 to 6.0 TBq.  Alternatively, the data may be approximated with a 
power function but this does not improve the correlation and the calculated inventory 
is about the same, 2.7 TBq. 

The fallout background out to 17 km from the point of impact amounts to about 0.05 
TBq, which is less than 2% of the total 239,240Pu inventory.  The observed distribution 
of plutonium in Bylot Sound is further illustrated in Fig. 6.1.2.2, showing the 
locations for sediment sampling and the deposition values by colour code.  The 
circles on the map indicate distances of 4, 8, 12 and 16 km from the point of impact 
of the B52 plane. 
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Fig. 6.1.2.2.  Locations for sediment sampling in Bylot Sound and observed values of 
deposition given by colour code.  The circles indicate distances of 4, 8, 12 and 16 km 
from the point of impact of the B52 plane. 

Sediment was sampled in Bylot Sound at locations, which were selected from the 
acoustic mapping to be suitable for that purpose, i.e. areas with accumulation of 
sediment and not areas dominated by erosion.  The above calculation does not 
consider the presence of hard bottoms dominated by erosion and with little or no 
accident plutonium.  Therefore, the calculation tends to overestimate the inventory 
somewhat. 
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