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Abbreviations and Units

J: joule: the unit of energy; 1] = 1 Nm (= 0.239 cal)

Gy: gray: th unit of absorbed dose = 1] kg! (= 100 rad)

Sv: sievert: the unit of dose equivalent = 1] kg-! (= 100 rem)
Bq: becquerel: the unit of radioactivity = 1s-1 (= 27 pCi)
ALI: annual limit of intake (according to ICRP)

cal: calorie = 4.186 ]

rad: 0.01 Gy
rem: 0.01 Sv

Ci: curie: 3.7:10° Bq (= 2.22-10” dpm)
E: exa:10*

P:  peta: 10®
T: tera: 10®

G: giga:lo
M: mega: 10
k:  kilo: 1¢

m: milli: 10-3
B micro: 106
n: nano: 10
p:  pico: 10-12
f: femto: 1015
a:  auo: 1018

pro capite: per individual
TNT: uinitrotoluol; 1 Mt TNT: nuclear explosives energy equival-nt to 10°
kg TNT.

al:  perannum, (yr})
OR: observed ratio

CF: concentration factor
1 R:  micro-roentgen, 10-6 roentgen
S.U.. pCi %Sr (g Ca)!
O.R.: observed ratio
M.U.: pCi ¥7Cs (g K)!

V: vertebrae

m: male

f: female

nSr:  natural (stable) Sr

‘ eqv. mg KCl: equivalents mg KCI: activity as from 1 mg KCl
(~0.88 dpm).1g K ~ 28 Bq. ~ 756 pCi.

S.D.: standard deviation: J ‘g’(%:‘l‘)i

_. . z
S.E.: standard esror V 2:E;‘nxll))

U.C.L.: upper control level
L.C.L.: lower control level

Risp-R-564 5




A: one standard deviation due to counting

S.S.D.: sum of squares of deviation: Z(x-x,)’

f: degrees of freedom

st variance

v ratio of the variance in question to the residual variance
P probability fractile of the distribution in question

: coefficient of variation, relative standard deviation
anova: analysis of variance

Counting errors: given as relative standard deviation:

no indication: < 20%

d .

A: 20-33%

B: >33%, such results are not considered significantly different from
2er0 activity

B.D.L.. below detection Limit

dw.:  dry weight

In the significance test, the following symbols were used:
* : probebly significant (P > 95%)

" - significant (P > 99%)

#2: hichly significant (P > 99.9%)
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L. General Introduction

Since 1962 we have published separate annual reports on Environmental
Radioactivity in the Faroes!) and Greenland?). The reports for 1983 and after
are contained in the new series: sEnvironmental Radioactivity in the North
Atlantic Region. The Faroe Islands and Green'and included«®) of -vhich the
preent report is the fifth.

Chajner 2 in this report corresponds to the earlier report for the Faroes and
Chapter 3 to the Greenland report.

In Chapter 4 we report on marine environmental radioactivity studies from
other parts of the North Atlantic region and, furthermore, inciude sea water
data from the Faroe Islands and Greenland. Chapter 4 also includes results
from samplings carried out in earlier years.

Due to the burden of work after the Chernobyl accident in 1986, this report
appears with several months delay.

The "normal” sampling programmes in the Faroes and Greenland were
expanded after the Chernoby!l accident in order to evaluate the contamination
from Chernobyl in these areas. .

2. Environmental Radioactivity in the
Faroe Islands in 1987

2.1. Introduction

21L

The fallout programme for the Faroes, which was initiated in 1962V in close
co-operation with the National Health Service and the chief physician of the
Faroes, was continued with some adjustments due to the Chernobyl accident
in 1986. A special sampling was carried out by Risg in July in order to
compare the environmental behaviour of Chernobyl debris with that from old
global fallout. Samples of human bone were obtained in 1987 from Dronning
Alexandrine’s Hospital in Thorshavn,

212,

The present report will not repeat information concerning sample collection
and analysis already given in Risg Reports Nos. 64, 86, 108, 131, 155, 181, 202,
221, 246, 266, 292, 306, 324, 346, 361, 387, 404, 422, 448, 470, 488, 510, 528, 541
and 55014,

213.
The mean diet of the Faroese used in this report is still based on the 1962
estimate given by the late Professor E. Heff-Jgrgensen.

2.14.

The present investigation was carried out together with corresponding exami-
nations of fallout levels in Denmark and Greenland, described in Ris¢ Report
No. 549% and in Chapter 3 of this report, respectively.

Risg-R-564 7
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Fig. 2.1. The Faroe Islands.

2.2. Results and Discussion
2.2.1. Strontium-90 and Radiocesium in Faroese Precipitation

Tables 2.2.1.1 and 2.2.1.3 show the %Sr and radiocesium content, respectively,
in precipitation collected at Hgjvig (near Thorshavn) and Klaksvig in 1987.

The %5r fallout in 1987 was about 20 times lower than in 1986. In Denmark
the 1987 levels were approximately 26 times less than the 1986 levels?,

The mean deposition of 3’Cs in the Faroes was 105 Bq m-2 This is a
decrease by a factor of 12.5 compared to 1986. In Denmark the levels decreased
by a factor of 372). This suggests a higher resuspension in the Faroes than in
Denmark. The 137Cs Chernobyl fallout in 1987 was 3.7 times higher in the
Faroes than in Denmark, while the %Sr fallout was 1.3 times lower.

8 Risp-R-564



Table 2.2.1.1. Stronttum-90 in precipitation in the Faroes in 1987.
(Sampling area: 0.02 m*)

Hejvig Kiaksvig
Bgqm-3 Bgm-2 mm Bgm-3 Bgm-2 mm
precip. precip.
Jan-Mar 25 0.67 268 081A 048A 598
April-June 1.0A 0.19A 191 04 A O019A 476
July-Sep 1.65 042 252 01 B8 0068 591
Oct-dec 06B 0.128B 195 01" 0.083 777
1987 x 155 ¥ 140 2906 x 033 £ 081 2442

Fig. 2.2.1. Accumulated %Sr at Klaksvig and Hevig calc.lated from precipitation
measurements since 1962. The accumulated fallout by 1962 was estimated from the
Danisk fallout data (cf. Ris¢ Report No. 5273, Appendix D) and from the ratio of
the %Sr fallout at the Faroese stations to the fallous in Denmark in the period
1962-1987 (cf. Table 2.2.1.2). ‘
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Tabic 2.2.1.2. Fallout rates and accumulated fallout

(Unit: Bg %St m~2) in the Faroes 1950-1987

Hojvig Klaksvig
d Agal 4 Ao
1950 1.08 1.06 215 210
1951 5.21 6.12 10.34 1214
1952 10.21 15.94 20.27 31.64
1953 25.78 40.74 51.18 80.87
1654  98.02 135.48 194 58 268.94
1955 12896 258.20 256.00 51254
1956 159.90 408.22 N7a 810.34
1957 159.90 554.70 317.4 1101.12
1958 221.82 758.18 440.34 1505.05
1959 31464 1047.48 624.58 2079.33
1960 58.78 1080.14 116.69 214416
1961 76.36 1129.19 151.59 2241 .52
1962 383.01 1476.48 760.31 2930.93
1963 913.00 2333.05 1E03.0C 4329.21
1964 544.00 2809.10 1363.00 5557.77
1965 181.00 2919.48 436.00 58562.21
1966 112.00 2959.88 289.00 5996.17
1967 94.70 2982.44 182.00 6032.25
1968 44.00 2954 .96 55.50 5943.97
1969 41.10 2925.30 65.10 5867.15
1970 53.60 2908.54 141.00 5866.25
1971 101.00 2938.46 156.00 5880.02
1972 34.40 2902.65 55.10 5794.94
1973 2420 2857.73 26.50 5683.95
1974 3380 2823.23 58.80 $607.12
1975 3440 2790.14 47.80 5621.36
1976 8.88 2732.91 21.60 5412.05
1977 27.40 2695.12 34.40 5317.81
1978 37.30 2667.89 47.60 5238.69
1979 1390 2618.45 22.20 5136.64
1980 9.55 2565.93 10.29 5025.36
1981 1837 2523.26 21.80 4927 .96
1982 6.33 2469.84 39N 4815.38
1983 275 2414.20 224 4703.84
1984 553 2362.58 0.87 4593.60
1985 0.98 2307.74 0.59 4485.68
1986 12.80 2264.13 28.00 4407.74
1987 140 2212.06 0.81 4304 45

1950-1961; are estimated values based upon HASL data

(HASL Appendix 291, 1975) considering that the mean
ratio of 203r fallout in Denmark to New York was 0.7 in
the period 1962-1974 and that the mean ratios of 30Sr

fallout in Hojvig to Denmark and Klaksvig to Denmark are
1.39 and 2.76, respectively5).

10
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Teabie 2.2.1.3. Radiocesium in precipisanion in the Feroes in 1987.
(Sampling area: 0.02 m’)

Héjvig Klaks g
1 37CS 1 3‘Cs 137CS I“Cs
Bgqm3 Bgm-2 '3Cs Bq m-f’ Bgm-2 137Cs
Jan-Mar 250 67 0.43 112 67 0.46
April-dune 115 22 0.47 42 20 044
July-Sep m 28 0.38 22 13 -
Oct-Dec 2 41 0.43 094 0.73 -
1987 x134 Z121 x 36 2 88

(Amounts of precipitation are shown in Table 2.2.1.1).

2.2.2, Strontium-90 and Radiocesium in Faroese Grass

Grass samples were collected near Thorshavn in 1987. Table 2.2.2.1 shows the
results of the regular samplings. The 1987 137Cs mean level in grass was one
tenth of the 1986 level. The %0Sr levels decreased by a factor of 8 from 1986 to
1987. As compared with Danish grass in 19873, we found the %Sr level (Bq
(kg Ca)!) in the Faroese grass in August to be higher by a factor of 2, which is
a smaller difference than seen earlier.

Table 2.2.2.2 shows the radionuclide levels in grass collected in July 1987 at
various locations in the Faroes (cf. Fig. 2.1). The %Sr as well as the radiocesi-
um concentrations in these samples were higher than those seen in our rou-
tine samples received from Thorshavn. The mean 137Cs concentrations were
30+13.5Bq!13Cs m-2(=1S.D; N = 4) or 196+ 95 Bq !37Cs kg~! dry weight
or 11950 = 4560 Bq !3’Cs (kg K)-!. These levels were, respectively, 23, 15 and
4] times the corresponding Danish ones in July (cf. Risg-R-563, Table
5.10.23). The mean Sr concentrations were 6.4 + 2.7 Bq %Sr kg-! dry weight
(21 S.D.; N = 4) or 2800+ 1540 Bq %Sr (kg Ca)"!. These were, respectively,
3.7 and 2.5 times the corresponding Danish values of September 1987. If we
compare !34Cs/13%Cs in Faroese grass with that in Danish grass we get
0.30+0.06 (x1S.D.;N = 4)and 0.37£0.05 (=1 S.D.; N = 5), respectively.
The theoretical Chernobyl 134Cs/137Cs in July 1987 was 0.37. This shows us
that all radiocesium in Danish grass came from Chernobyl, whereas about
20% of the 137Cs in Faroese grass came from old global fallout in 1987.

Table 2.2.2.1. Strontium-90 and radsocestum in grass from Thorshavn 1987

Month Bq 90Sr Bg%Sr Bq'37Cs Bg'3¥Cs 134Cs
kg-! fresh (kg Ca)' kg-'fresh (kg K)y' 137Cs

June 0.1 330 47 1520 0.32
August 181 2300 34 670 0.28

Risg-R-564 11



Table 2.2.2.2. Strontium-90 and radiocesium in Faroese grass samples collected by
Risp 11 Fuly 1987

Location Bg 90Sr Bg%Sr Bq'3Cs Bg'3’Cs Bq'¥Cs '34Cs % kgm-2
(=} Fig. 2.1) kg-1dry (kg Ca)! m-2 kg Tdry (kg K}’ '37Cs  dry matter dry grass
Thorshavn 6.7 4300 19.1 147 16100 0.34 4 0.32
Klaksvig 41 1200 46 305 14400 0.34 9 1.70
Vige 46 1890 190 92 5700 0.22 23 0.90
Tvaera 100 4200 37 238 11600 028 17 093

2.2.3. Strontium-90 and Radiocesium in Faroese Milk

As was done previously!), weekly samples of fresh milk were obtained from
Thorshavn, Klaksvig, and Tvari. Strontium-90 and !3’Cs were determined in
bulked monthly samples.

If we compare 134/137Cs in Faroese milk with the corresponding ratio in
Danish?, the Faroese turns out to be 88% of the Danish. This shows that
Faroese milk contains relatively more old global 137Cs fallout than Danish,
which is a result of a higher root uptake of the grass (and fodder in general) in
the Faroes than in Denmark. From the 134Cs/137Cs in Faroese milk compared
with the theoretical ratio in Chernobyl debris, it is possible to estimate the
content of old global 137Cs fallout in the milk. In 1986 the level was 1350 Bq
m-3 and in 1987 it was 1310. Compared with the previous years (1982-1985),
these levels correspond to an effective half-life of 137Cs in Faroese milk from
root uptake by the crops of 2.4 yr cf. Fig. 2.2.3.4).

Ia Denmark the 137Cs conient in milk decreased by a factor of 1.8% from
1986 to 1987. In the Faroese Islands the 137Cs levels increased by a factor of
1.3.

The Faroese 137Cs levels in 1987 were approximately 13 times higher than
the Daaish.

The Faroese ®0Sr milk levels were not influenced significantly by Cherno-
byl. The mean concentration in 1987 was 89% of the 1986 mean (Table
2.23.1).

Tables 2.2.3.3-2.2.3.5 show the analysis of variance of the Bq %Sr (kg Ca)-!,
Bq 137Cs (kg K)-1, and Bq !3’Cs m-3 figures, respectively. The highest levels
were fournd in the milk from Tvari and Klaksvig, and the lowest from
Thorshavn.

Table 2.2.3.1. Strontium-90 in milk from the Faroes in 1987
(Unit: Bq 90Sr (kg Ca)-!)

Thorshavn Klaksvig Tveerd Mean
Jan 57 7 79 66
Feb 57 69 63 63
March 52 80 67 66
April 58 83 62 68
May 58 65 (63) 62
June 63 69 (67) 66
July 71 69 (72) 7
Aug 69 59 4 61
Sept 60 59 (60) 60
Oct 55 71 74 67
Nov 52 60 80 64
Dec 51 59 {56) 55
Mean 59 68 66 64

Figures in brackets were calculated by VAR35),

12 Risg-R-564



Figure 2.2.3.1 shows the quarterly Bq %Sr (kg Ca)-! values and Fig. 2.2.3.2
the quarterly Bq !13’Cs m-3 levels since 1962. Not since 1974 has the Faroese
milk contained similar, high 137Cs levels as those observed in the third quar-
ter of 1986.

Figure 2.2.3.3 shows a comparison between the %Sr and 137Cs levels in
Faroese- and Danish-produced iwilk. It is evident that indirect contamination
plays an important role for the 137Cs levels in the Faroes, because the ratio of
137Cs in Faroese to Danish milk increases when the fallout rate decreases. It
decreases when the fallout rate (as has happened after Chernobyl) increases.
The ratios of the %Sr levels in Faroese to Danish milk have shown a slight
tendency to de~-ease through the years.

In July a speci:l milk sampling from Faroese farms was carried out by Risg.
Table 2.2.3.6 shows the results.

Compared with the ordinary sampling (Table 2.2.3.2), the whole milk con-
tained nearly two times as much from Thorshavn and Klaksvig, whereas
whole milk and consumers milk agreed for Tvard. The 134Cs/137Cs in whole
milk was a littie lower than in consumers milk.

Compared with the grass levels (Table 2.2.2.2), the Faroese milk contained
0.95+0.25 times (+1 S.D.; N = 4) the Bq 13’Cs (kg K)! in grass. Table
2.2.3.7 shows that the ratio of the concentrations in milk to that in griss was
approximately 0.3 for !3Cs as well as for 134Cs. This corresponds to the ratio
observed earlier in Denmark?® and it shows that global fallout and Chernoby!
debris behaved similarly with regard to radiocesium uptake in milk.

Table 2.2.3.2. Radiocestum in milk from the Faroes in 1987

Thorshavn Klaksvig Tvaerd Mean

Month Bq'37Cs Bq'37Ce  !13Cs =~ Bq'¥Cs Bq'¥7Cs 13Cs Bg'¥Cs Bq'Cs '3Cs  Bg'3Cs Bq'7Cs _'34Cs

m-3 (kg K W3Cs m-3  (kgKy! 13Cs m3  (kgKy' 19Cs m3 (kg K)! 137Cs
Jan 6200 3600 042 8900 5300 0.29 13300 7900 0.38 9600 5670 0.36
Feb 5800 3400 039 7000 3900 0.38 12100 8000 0.40 8300 5100 0.39
Maich 6200 3700 0.40 8000 4700 0.39 11500 6300 0.35 8500 5100 0.38
April 5700 3700 0.35 10300 5700 0.36 11400 7100 0.37 9100 5500 0.36
May 6400 3800 034 7500 4300 035 {15000) (9300} {0.33) 9600 5800 034
June 5600 3600 034 5200 3000 032 (11600} (7000)  {0.32) 7500 4400 0.33
July 6200 3600 029 6200 3700 033 (1330C) (8400) (0.30) 8600 5300 0.31
Aug 5700 3600 024 4000 2300 0.28 12400 7900 0.25 7400 4600 026
Sept 5000 3000 0.25 4900 2800 034 {10600) (6700) (0.28) 6800 4200 0.29
Oct 3400 1880 024 4700 2600 032 10300 6500 0.26 6200 3600 0.27
Nov 3000 1760 0.30 3100 1610 028 10800 6500 027 5600 300 0.28
Dec 20 1750 0.28 3100 1810 033 { 6400) (4100) (0.29) 4100 2500 030
Mean 5200 3iv0 - 6100 3500 - 11600 7200 7600 4600

Figures in brackets were calculated from VAR3S),

Table 2.2.3.3. Analysis of variance of In Bq 99Sr (kg Ca)-! in Faroese milk in 1987
(from Table 2.2.3.1)

Variation SSD f s? v P

Between months 0.095 1 0.009 0.54 -
Between locations  0.162 2 0.076 4.80 >97.8%
Remainder 0.269 17 0.016

Risp-R-564 13



Table 2.2.3.4. Analysis of variance of In Bg 137Cs (kg K)-! in Faroese milk in 1987
(from Table 2.2.3.2)

Variation SSD f s? v? P
Between months 2.20 11 0.20 431 >996 %
Between locations 3.37 2 1.68 364 >99.95%
Remainder 0.79 17 0.046

Table 2.2.3.5. Analysis of variance of In Bq 137Cs m-3 in Faroese milk in 1987
(from Table 2.2.3.2)

Variation SSD f §? v? P
Between months 2.10 1t 0.191 460 >997 %
Between locations 29 2 1.46 350 >9995%
Remainder on 17 0.042

Fig. 2.2.3.1. Strontium-90 in Faroese milk, 1962-1987.
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Fig. 2.2.3.2. Cesium-137 in Faroese milk, 1962-1987.

Fig. 2.2.3.3. A comparison berween Faroese and Danish milk levels, 1962-1987.
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Fig. 2.2.3.4. The calculated global fallout 137Cs concentrations (Bq m-3) in Faroese
milk 1982-1987. The levels in 1986 and 1987 were calculated from the 134Cs/137Cs
assuming this ratio 10 have been zero in global fallout and 0.55 in Chernoby! debris
on April 26, 1986.

Table 2.2.3.6. Radiocesium in whole milk collected by Risp at Faroese farms in

July 1957
Location Bq137Csm-3 Bq'3Cs(kgK)' 134Cs
(cf. Fig. 2.1) 137Cs
Vago 4900 2900 0.28
Thorshavn 12300 77060 0.29
Klaksvig 12100 7800 0.29
Tvaerl 15300 9500 0.29

16
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Table 2.2.3.7. Radiocesium in Faroese milk (Bg I-!) divided by radiocesium in
Faroese grass (Bg kg~! fresh weight) in July 1987 (cf. Tables 2.2.2.2 and 2.2.3.6)

Location 134Cs 137Cs
Vage 0.30 023
Thorshavn 017 0.20
Klaksvig 0.37 0.44
Tvaerl 0.39 038
Mean 0.31 0.31

S.E. 0.05 0.06

2.2.4. Strontium-90 and Radioces. . in Faroese Terrestrial Animals

If the 134Cs/137Cs in lamb is compared with the theoretical ratios in Chernobyl
debris (Table 2.2.4), it appears that about 80% of the !3’Cs in the lamb
samples from 1987 came from Chernobyl. This is a little less than found in
Faroese milk (84%) from 1987.

The mean contents in Faroese lambs in 1987 were 0.22 Bq %0Sr *&1 meat
and 107 Bq 1¥7Cs kg-! meat and in bone 1020 Bq %Sr (kg Ca)!. Cs-137
measured in lamb in 1987 was similar to the mean of measurements made in
1986.

Fig. 2.2.4.1. Strontium-90 (Bg (kg Ca)-!)) in lamb bone collected in the Faroes,
1962-1987.
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Table 2.2.4. Radionuclides in lamb collected in the Faroes in 1987

Pasition Lamb meat Bone Thec-etca
Location N W Month Bg%Sr Bq:3’Cs Bq'siCs '3Cs Bq5r "3Cs
kg! kg-'  (kgK)F' 13Cs (kg Cal' Tis
ir Ch~rhyi debris
Vidareide 62°22° 6°32° Jan 35 - 043 280 0.44
Skuvoy 61°46° 6°49° Jan 128 - 0.45 640 V.44
Oravik 61°32 6°48° Feb - 126 - 038 - 243
Kolleford  62°06° 6°57° Oct 0114 249 62000 0.16 1610 135
Kiaksvig Oct 0.038 42 12800 0.26 680 1.3%
Tvaera QOct 0.50 178 46000 0.24 2100 0.3%
Thorshavn July 800

Fig. 2.2.4.2. Cesium-137 (Bq (kg K)-!) in lamb meat collected in the Faroes,

1962-1987.
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2.2.5. Strontium-90 and Radiocesium in Faroese Sea Animals

Table 2.25.1 shows the 137Cs levels in fish collected in 1987 in the Faroes.
The mean levels in Gadus acglefinus and Gadus callarias were 0.63 Bq 137Cs
kgl and 0.00077 Bq %Sr kg-!. Chernobyl 137Cs was detectable in most fish
samples. On the average two-thirds of the 137Cs in marine fish came from
Chernobyl in 1987, but the variation between samples was large.

Table 2.2.5.1. Strontium-90 and radiocesium in fish flesh from the Faroes in 1987

Sampling Species Sample Bq%Sr Bq%Sr Bq'3’Cs Bq137Cs 34Cg/137Cs
month type kg-! {kg Car? kg? (kg K}

March Gadus callarias Cod 0003 1.00 270 0.33
June " 0. 7A 48A 0.27 76 013
Sept - 093 260 0.27
Dec " 0.00114 122 0.61 191 0.29
1987 . 0.00076 85 0.70 199

March Gadus aeglefinus Haddock 3006 0.75 220 0.35
June " 0- A 74A 0.85 240 0.28
Sept " 0009 0.165 56 -
Dec " 0. na 046 136 0.26
1987 0.00077 94 0.56 163

Fig. 2.2.5.1. Cesium-137 levels in mzat of cod (Gadus callarias) and haddock
(Gadus aeglefinus) collected in the Faroes, 1962-1987.
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In Table 2.2.5.2 the activity content of a few other marine samples is
shown. Two-thirds of the !3Cs in the whale sample came from Chernobyl.

Table 2.2.5.2. Strontium-90 and radiocestum n various marine animals collected in
Fuly 1987

Species Sample Bq 137Cs Bq 137Cs 134Cs B 30Sr
kg ! kg K)! 137Cs (kg Ca¥!
Whale flesh 0.80 400 0.25 B.D.L.
Putfin (June) flesh 0.146 A 47 - -
" - bone 29 - - -
Blue mussels flesh <08 <800 - 6 B
- - shelf <0.25 - - 138

2.2.6. Strontium-90, Cesium-137 and Tritium in Faroese Drinking Water
and Other Fresh Waters

Drinking-water samples were collected as previously, but the samples were
combined prior to the analysis as shown in Table 2.2.6.1. As in previous
years, drinking water from Thorshavn contained more %Sr than that from
Klaksvig and Tvari (cf. the explanation in Rise Report No. 1811). The mean
level in 1987 was 2.3 Bq %Sr m-3 (0.063 pCi I-!), i.c. a little lower compared to
1986.

Figure 2.2.6.1 shows the annual mean levels of ®Sr in drirking water from
the three locations since 1962.

In Table 2.2.6.2 it appears that 82+7% (=1 S.D.; N = 3) of the 13Cs in
Faroese drinking water was from Chernobyl. Although the 13’Cs concentra-
tions in Tvard were 3.3 tiv s higher than in Klaksvig, the relative contribu-
tion from Chernobyl was only a factor of 1.14 times higher at Tvari than at
Klaksvig. A sample of untreated raw water from Thorshavn contained 5.0 Bq
137Cs m-3 and 1.7 A Bq 34Cs m-3, which was not significantly different from
the concentrations in the Thorshavn drinking water.

In Table 2.2.6.3 concentrations in stream water are shown. The Chernobyl
percentage of 137Cs was 70+4% (=1 S.D.; N = 3), i.e. similar to that in
Faroese drinking water.

Lake water (Table 2.2.6.4) showed 53+15% (%1 S.D.; N = 2) 137Cs from
Chemnobyl, which may be a little lower than the contributions seen in drink-
ing water and stream water.

The 37Cs concentrations in the various fresh water samples varied signific-
antly between locations, but apparently not between water tvpes.

Compared with the mean concentrations in rain water ‘rom the first half of
1987, the fresh water samples from July 1987 contained about 5% of the !37Cs
found in the rain. This shows that also Faroese soil, despite its low mineral
content, retains radiocesium quite efficiently from the rain.

All drinking water samples collected in the Faroes in 1987 contained less
than 2Bq’H -\

Table 2.2.6.1. Strontium-90 and radiocesium in drinking water from the Faroes in
1987. (Unit: Bg m-3)

Month Thorshavn Klaksvig Tvaerd

ont %gr  13Cs '37Cs 0S;  134Cs - 137Cs %S 13%Cs 137Cs
Jan-June 44 5.7 0.81 21A 26 3.1
July-Aug 32 36 0.85 24A 22 22A
1987 38 1.55 4.7 083 063 22 24 082 26
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Fig. 2.2.6.1. Strontium-90 in drinking water from e taroes, 1962-1987.

Table 2.2.6.2. Radiocestum and trittum in drinking water from the Faroes collected
by Rise tn July 1987

Location 134Cg 137Cs  134Cg 3H
Bgm-3 Bgm-3 137Cs kBgm-3

Servaag/Vaage 24 8.7 0.27 BDL.
Thzist.avn/Streme 1.3 A 5.5 0.24 09=+01
Kiaksvig/Bordo 0.91 3.2 029 11+0.2
Tvaerad/Sydere 30 10.4 029 13=x0

Table 2.2.6.3. Radiocestum and tritium in stream water from the Faroes collected by
Risp in Tuly 1987

Location 34Cg 137Cs  134Cs 3H
Bgqm-3 Bgm3 137Cs kBgm-3

Sanda, south

of Thorshavn 14 5.8 0.25 BOL
Haydalsa, north

of Thorshavn 27 106 0.26 B.D.L.
StoraSydereo 1.7 58 028 BDL

Table 2.2.6.4. Radiocesium and tritium in lake water from the Faroes collected by
Risg in July 1987

Location 134Cs 137Cs  134Cs 3H
Bgm-3 Bgm-3 137Cs kBgm-3

Leynavatn/Streme 0.90 37 024 BD.L
ServagsvatnVaage 1.6 A 99 0.16 B.D.L
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2.2.7. Strontium-90 and Radiocesium in Miscellaneous Faroese Samples

2.2.7.1. Faroese Soil

In July 1987 Risp collected 4 soil samples in the Faroes (cf. Tables 2.2.7.11-
2.2.7.1.4). The mean Chernobyl 13’Cs deposition was 1900 + 640 Bq !3’Cs m-2
(x18.D.; N = 4). This mean agreed with that of the more extensive Faroese
soil sampling in 1986 (Riso-R-564)%). The samples were as far as possible

Table 2.2.7.1.1. Radiocesium in soil collected at Vaage by Riso

(Vatns oyrar) in July 1987

Layer 137Cs 137Cs 134Cs  gKkg' Chernoby!

incm Bgm2 Bgkg ' 137Cs 137Cs Bgm 2
05 2400 182 0.194 28 1270
5-10 1210 93 0.019 21 62

10-20 1480 53 1.85

20-30 310 9.1 1.68

30-40 91 49 1.31

40-50 65 1.19 22

Table 2.2.7.1.2. Radiocestum in soil from Thorshavn/Hopvig collected by Riso in
July 1987

Layer 137Cs 137Cs 13Cs gKkg' Chernoby!

incm  Bgm? Bqg kg™ 137Cs 137Cs Bg m 2
0-5 4300 410 0.130 36 1530
510 3700 200 0.006 35 60

10-20 550 19.4 38

20-30 300 6.8 32

30-40 104 24 28

40-50 97 1.69 2.7

Table 2.2.7.1.3. Radiocesium in soil from Bords, Arnefjurd collected by Riso in
July 1987 (Klaksvig)

Layer 137Cs 137Cs 133Cs  gKkg'' Chermobyl

in cm Bgm? Bakg-' 137Cs 137CsBgm 2
05 3200 300 0.203 1.87 1760
5-10 280 87 0.062 1.55 47

10-20 350 20 0.074 1.47 1Al

Table 2.2.7.1.4. Radiocesium in soil from Sydero, Tverd collected by Riso in
Fuly 1987

Layer 137Cs 137Cs 134Cs  gKkg! Chermnobyl
incm Bgm 2 Bakg' 137Cs 137Cs Bgm 2
0-5 4800 540 0.207 26 2700
5-10 1560 118 0.023 1.58 97
10-20 630 28 1.31
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collected to a depth of 50 cm. Chernobyl radiocesiuvm was normally not
detectable below 10 cm. However, in the Klaksvig sample 134Cs was found in
the 10-20 cm layer also. Global fallout 137Cs had possibly penetrated deeper
than 50 cm, at least at Vaage and Thorshavn. The year total 13’Cs deposit at
the 4 locations was 6400 = 2200 Bq m-2 (=1 $.D.; N = 4). Thus, Chernobyl
contributed with 30% to the total 13’Cs in Faroese soil.

The ratios of the drinking water concentrations (Table 2.2.6.2) to the 0-5
cm soil layer concentrations are calculated for 13’Cs from global fallout and
Chernobyl. The latter ratios are nearly 3 times higher than the former. This
may be because the global fallout !3’Cs has been fixed stronger to the soil than
the Chernobyl 137Cs, as it has been longer in the soil. It could also be because
relatively more of the Chernobyl B7Cs is found in the soil surface. Finally,
some of the activity from Chernobyl may have come directly from the rain
without any contact with the soil minerals.

2.2.7.2. Faroese Sea Water

The 137Cs mean concentration in Faroese sea water from Thorshavn was 3.5
Bq m-3. The %Sr level was 1.73 Bq m-3. The Chernobyl signal had thus
disappeared in 1987. In Table 2.2.7.2.2 traces of 134Cs from Chernobyl were
present in two sea water samples containing some fresh water.

Table 2.2.7.2.1. Strontium-90 and cestum-137 in Faroese surface sea water collected
at Thorshavn (62°02°N 06°47°W) in 1987. (Unit: Bg m-3)

Sampling 90Sr 131Cs Salinity
date in %o
April 1.96 37 -
Aigust 1.65 37 34.2
December 1.57 31 349

Fig. 2.2.7.2. Strontium-90 and cesium-137 in Faroese sea water 1962-1987.
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Table 2.2.7.2.2. Radiocesium in Faroese surface sea water collected bv Riso tn Fuly
1987. (Unit: Bgm-3)

Location Position 131Cs  134Cs Salinity
N W 137Cs in %o
ServagVigo 62°05" 719 33 - 345
Thorshavn/Stromeo 62°00" 6°46° 36 - 346
AmefjordBorde 45 0178B 290
Trangisvadg/Sydero 5.1 0.19 17.1
2.2.7.3. Faroese Sea Plants

As for sea water, the Chernobyl signal had nearly disappeared from Faroese
sea plants in 1987. The !137Cs levels in Laminaria from Thorshavn in 1987
were 3-4 times lower than those in 1986, which corresponds to the decrease in
the sea water concentrations.

If we assume the concentration of ¥Tc¢ in Fucus vesiculosus relative to sea
water 1o be 10°, we may estimate the water concentration as 0.013 +0.002 Bq
PTcm3 (21 S.E; N = 4), i.e. a factor of 100 lower than in the Norwegian
coastal current at Utsira (cf. Table 4.1).

Table 2.2.7.3.1. Radionuclides in Faroese seaweed collected in 1987
(Unit: Bq kg~ dry weight)

Species Date %0Sr 106Ry '10mAg  134Cs  13Cs K Ca
gkg 'gkg
Fucus disticus April 022 36A 105 055 159 315 112
Laminaria digitata April  0.39 117A 622 158
Fucus vesiculosus  Aug 0.196 065 304 110
Laminaria digitata Aug 024 058 0.56 279 134

Fig. 2.2.7.3. Strontium-90 (Bq (kg Ca)-!) in sea plants collected at Thorshavn,
1962-1987.
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Table 2.2.7.3.2. Radionuclides in Faroese Fucus vesiculosus collected by Risg in
Jul; 1987. (Unit: Bg ke'! dry weight)

Location NGr WJ¢ 1M0mAg  1M4Cg  13Cs K Ca
gkg' gkg!
Servaag (Vago) 041 088 127A 099A 333 191
Nolsefiord (Streme) 024 104 136 288 124
Arnetjord (Bordo) 1.36 065 216 263
Trangisvaag (Sydere) 044 1.78 155A 265 139

2.2.7.4. Faroese Vegetables
Five samples of potatoes were analysed in 1987. The mean content was 0.059
Bq %Sr kg! (1370 Bq %Sr (kg Ca)!) and 3.6 Bq !3Cs kg-! (890 Bq !3Cs (kg
K)1).74+11% (=1 S.E;; N = 5) of the !3Cs in Faroese potatoes came from
Chernobyl in 1987.

Rhubarbs (Table 2.2.7.4.3) contained higher %Sr but lower 13’Cs concen-
trations than potatoes.

Table 2.2.7.4.1. Radionuclides in Faroes: potatoes collected in November 1987

Location Month Ba 0Sr Bq%Sr Bq'3Cs Bq13%Cs 3H4(Cs

kg-! (kg Ca)! kg-! (kgK)*  1WICs
Thorshavn November  0.086 2100 1.44 380 0124
Kiaksvig  November  0.086 1080 0.96 240 027
Tvaerd November  0.035 1450 11.31 2900 0.28

Fig. 2.2.7.4.1. Cesium-137 in Faroese potatoes, 1962-1987.
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Fig. 2.2.7.4.2. Strontium-90 in Faroese potatoes, 1962-1987.

Table 2.2.7.4.2. Radionuclides in Feroese potatoes collected by Risp in July 1987
(old potatoes from 1986)

Location Bq 90Sr Bq99Sr  Bq'3Cs Bq13’Cs  134Cs

kg-! (kg Ca)! kg-! (kg k) 137Cs
Thorshavn* 40 810 0.26
Vaag-Lobra road 0.028 830 242 96 0.38

*Only washed, not peeled.

Table 2.2.7.4.3. Radionuclides in rhubarb collected by Risg at Vaag-Lobra road in
Fuly 1987

%0Sr Bg kg 0.356
%0Sr Bqg (kg Ca)* 1126

137Cs 8q kg-! 0.154 A
131C., 3q (kg K)! A A
134Cs/137Cs .

2.2.7.5. Faroese Bread

Rye bread and white bread were collected at Thorshavn in June. The levels in
white bread were 0.113 Bq %Sr kg-! and 0.61 Bq !37Cs kg-!. The rye bread
collected in 1987 ccatained 0.18 Bq %0Sr kg-! and 6.0 By !3Cs kg-!. The
bread 137Cs levels were 10 to 30 times higher than in 1986. All of the radio-
cesium in bread apparently originated from Chernobyl.
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Table 2.2.7.5. Strontium-90 and radiocesium i.. Faroese bread in June 1987

134
Sort Bq 20Sr kg-! Bq %0Srikg Ca)' Bq'3’Cskg' Bq '37Cs (kg K)"! 13?%2
Whitebread 0.113 58 0.61 440 047
Rye bread 0.180 172 6.0 2900 0.40
2.2.7.6. Faroese Eggs
Eggs were collected from Thorshavn in 1987. The levels of hens eggs were
0.038 Bq 90Sr kg-! (56 Bq (kg Ca)-! and 1.05 Bq 13’Cs kg~! (680 Bq !37Cs (kg
K)-1). About 90% of the 137Cs was from Chernobyl.
Table 2.2.7.6. Strontium-96 and radiocesium in Faroese eggs collected in 1987
N 134Cs
Date Bn “Srkg-!' Bqg99Sr(kg Cal' Bq '37Cs kg-! Bq '37Cs (kg K)! s
June 0.032 53 0.53 460 0.34
282 +66+ 156 0.044 ) h9 1.57 890 0.31

2.2.8. Humans from the Faroes

2.2.8.1. Strontium-90 in Human Bone

In 1987 six human bone samples were obtained from Dronning Alexandrine’s
Hospital in Thorshavn. Tablc 2.2.8.1 shows the result. The mean concentra-
tion was 37 P § %9Sr (kg Ca)-!. In Denmark ¥ we found 20 in this age group in
1987.

Table 2.2.8.1. Strontium-90 in human bone collected in the Faroes in 1987

Ageinyears Monthof death Sex Bq%0Sr(kg Ca)'

71 Jan F 55

57 Feb F 24

89 Mar F 46

83 Apr F 41

93 Apr F 25

79 Aug F 33
2.2.9. Fodder from the Faroes

Various Faroese sam-les of fodder were collected by Risg in July 1987 (cf.
Table 2.2.9). The samples of hay may be compared with those of grass from
Thorshavn (cf. Tables 2.2.2.1 and 2.2.2.2). The 1987 hay contained 5800 Bg
137Cs (kg K)-1, which is 36% of the grass level in Table 2.2.2.2 but five times
the concentrations in Table 2.2.2.1, The 1986 hay level was twice the grass
level in 1986 (cf. Risp-R-550, Table 2.2.2.1)¥. The conclusion is that it seems
difficult to obtain representative grass and hay samples from a given location
in the Faroes, due to large inhomogeneities in the activity content of grass.
The silage and hay samples from 1986 show that 71% of the 13’Cs in these
samples came from Chernobyl. In the hay from 1987, 88% of the 137Cs came
from Chernobyl.
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Table 2.2.9. Radiocestum in fodder collected in the Faroes by Risp in July 1987

Species Location Date Bq13’Cs Bq13’Cs 134Cs
kg“ (kg K)'] 137Cs
Silage Sund/Strome 24 Aug 1986 46 42000 039
Concentrates Klaksvig July 1987 28 270 0.32
Concentrates
with fish Sund/Stroame  July 1987 26 250 -
Hay Sund/Streme  July 1986 290 26000 0.33
Hay Sund/Streime  July 1987 66 5800 -

2.2.10. Moss and Lichen from the Faroes

Apparently all radiocesium in the moss and lichen samples shown in Table
2.2.10 came from Chernobyl. The very low %St/13’Cs ratios: 0.017 and 0.005,
respectively, suzgest that also the %Sr was Chernobyl derived. The 137Cs
deposit in moss (1590 Bq m-2) was close to the measured fallout from Cherno-
byl in 1986 (1700 Bq 137Cs m-2)%.

Table 2.2.10. Radionuclides in moss and lichen collected at Thorshavn in the Faroes
by Risg in Fuly 1987

134Cg
Species  Unit 80Ggr 106Ry 134Cs 137Cs  40K* 137Cs
Moss Bakg-'dry 10.1 67 220 600 1.57 037
Moss Bq m-2 27 178 580 1590 - '
Lichen  Bgkgldry 45 - 340 850 143A .0
Lichen Bg m-2 1.15 - 86 220 - '
*Unit: g kg™' dry.

2.3. Estimate of the Mean Contents of 20Sr and 137Cs in
the Faroese Human Diet in 1987

2.3.1. Annudl Quantities

The annual quantities are still based on the estimate made by the late Profes-
sor E. Hoff-Jergensen in 19621) assuming a daily pro capite intake of approx-
imately 3000 calories (12.6 M]J).

2.3.2. Milk and Cream

75% of the milk consumed in the Faroes is of local origin, and the remainder
comes from Denmark. Hence the %8r content in milk consumed in the
Faroes in 1987 was 1.2 x (0.75 x 0.064 + 0.25 x 0.059) = 0.075 Bq 99Sr
kg1, and the 137Cs content was 0.75 x 7.6 + 0.25 x 0.60 = 5.85 Bq !37Cs
kg1 (cf. 2.2.3 and Ref. 3). 1 kg milk contains 1.2 g Ca.
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23.3. Cheese

Nearly all cheese consumed in the Faroes is of Danish origin, and the Danish
figures from ref. 3 were used: 0.50 Bq %Sr kg! and 0.43 Bq 37’Cs kg..

2.3.4. Grain Products

As most grain products are imported from Denmark, the D-nish figures for
1987%) were used in the calculation of the Faroese levels. The mean daily
consumption of grain products in the Faroes is, as in Denmark, 80 g rye flour,
120 g wneat flour, and 20 g grits. Hence the mean concentration of Sr in
grain products consumed in the Faroes in 1987 is 0.23 Bq ®Sr kg-! and 3.2 Bq
137Cs kg,

2.3.5. Potatoes

All potatoes consumed in the Faroes are assumed to be of local origin. The
values from 2.2.7.4 were used, i.e. 0.059 Bq %0Sr kg-! and 3.6 Bq 37Cs kgl.

2.3.6. Other Vegetables and Fruit ’

As the amount of vegetables and fruit grown in the Faroes is limited, the
Danish figures from 19873 were used. Thus the mean content in vegetables
other than potatoes was 0.32 Bq %0Sr kg-! and 0.064 Bq !3’Cs kg-l. The mean
content in fruit was 0.065 Bq 20Sr kg-! anu 0.16 Bq 37Cs kg1

2.3.7. Meat and Eggs

Meat and egg consumption in the Faroes is estimated to consist of 50% locally
produced mutton (or lamb), 25% local whale meat, and 25% sea birds and
eggs.

For lamb we use the mean of the samples obtained in 1987, i.e. 0.22 Bq %9Sr
kg and 107 Bq 13 Cs kg-!. Whale meat contained 0 Bq %Sr kg! and 0.80 3q
137Cs kg1, sea birds contained 0 Bq %Sr kg-! and 0.15 Bq 3Cs kg™!, and eggs
(cf. 2.2.4 and 2.2.7.6): 0.038 Bq %Sr kg~! and 1.05 Bq !37Cs kg-!. Hence we
estimate the mean content of %Sr in meat and eggs consumed in 1987 to bc
0.50 x 0.22 + 0.25 x 0 + 0.25 x (0 + 0.038)/2 = 0.115 Bq 9Sr kg! and the
137Cs content to be 0.50 x 107 + 0.25 x 0.80 + 0.25 x (0.15 + 1.05)/2 =
53.8 Bq!3’Cs kgL

2.3.8. T'sh

All fish consumed in the Faroes is of local origin, and the mean content in
fish, obtained from subsection 2.2.5, was 0.00077 Bq %°Sr kg! and 0.63 Bq
137Cs kgL,

2.3.9. Coffee and Tea

The Danish figures for 19873 were used, i.c. 0.41 Bq *Sr kg and 1.29 Bq
137Cs kg-.
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2.3.10. Drinking Water

The mean value found in Table 2.2.6.1 was used, i.e. 0.0023 Bq %Sr kg-!. The
31Cs content was estimated from a drinking water sampling in July 1987; the
mean vaice was 0.007 Bq 137Cs IH.

Tables 2.3.1 and 2.3.2 show the diet estimates of 99Sr and 37Cs, respectively.

Table 2.3.1. Estimate of the mean content of ¥Sr in the human diet in the Faroe
Islands in 1987

Type of food Annual Bq%Sr Total Percentage of
quantity perkg Bq9%Sr total Bq 20Sr
in kg in food

Milk and cream 146 0075 10.95 20.1
Cheese 73 050 3.65 6.7
Grain products 80 0.23 18.40 33.7
Potatoes 91 0.059 5.37 99
Vegetables 20 0.32 6.40 1.7
Fruit 18 0.065 117 22
Meat and eggs 37 0.115 426 78
Fish 91 0.00077 0.07 0.1
Coffee and tea 7.3 04 299 55
Drinking water 548 0.0023 1.26 23
Total 54.52

The mean annua. caicium intake is estimated to be 0.6 kg (ap-
prox. 200-250 g of creta praeparata). Hence the ratio: Bq 90Sr (kg
Ca)! in total Faroase diet was 91 (2.5 pCi 20Sr (g Ca)-').

Fig. 2.3.1. Strontium-90 in Faroese diet, 1962-1987.
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2.3.11. Discussion

Figures 2.3.1 and 2.3.2 show the Faroese diet levels since 1962.

The 1987 YSr level in the total Faroese diet was equal to the 1986 concen-
tration. The 137Cs level was 80% of ine 1986 level. A total diet sample was
collected in Thorshavn by Risg in July 1987. The composition of the sample
was that given in Tables 2.3.1 and 2.3.2. The sample contained 91.5 Bq %Sr
(kg Ca)! corresponding to a daily intake of 0.109 Bq %Sr and 1.19 g Ca.
Compared with Table 2.3.1, the 90Sr/Ca level was in excellent agreement, but
the daily intakes of %°Sr and Ca were both 1.37 times lower than estimated in
the table.

Tabie 2.3.2. Estimate of the mean content of 137Cs in the human diet in the Faroe
Islands in 1987

Type of food Annual Bq'3Cs Total Percentage of
quantity perkg Bg'3Cs total Bq'3'Cs
in kg in food
Milk and cream 146 585 854.1 244
Cheese 7.3 043 314 0.1
Grain products 80 3.2 256.0 73
Potatoes 9N 36 3276 9.3
Vegetables 20 0.064 1.28 0
Fruit 18 0.16 288 0.1
Meat and eggs 37 53.8 1990.6 56.7
Fish 91 0.63 57.3 16
Coffee and tea 7.3 1.29 9.4 0.3
Drinking water 548 0.007 5.84 0.2
Total 3508.1

The mean annual intake of potassium is estimated to be approx.
1.2 kg. Hence the ratio: Bq '37Cs (kg K)-' becomes 2900 (79 pCi
137Cs (g K)-).

Fig. 2.3.2. Cesium-137 in Faroese diet, 1962-1987.
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In the case of 37Cs, the Thorshavn diet contained 1800 Bq !37Cs (kg K)!
which was 62% of the estimate in Table 2.3.2. The daily intakes were 6.31 Bq
137Cs, 1.08 Bq 134Cs, and 3.49 g K. The 137Cs level is 66% of that estimated in
Table 2.3.2. The potassium intake is in agreement with that in Table 2.3.2.
From the 134Cs content in the diet sample, the annual intake of 134Cs with
total diet in the Faroes was estimated to be 17% of the 3Cs intake. In 1986 it
was 39%. In general, the total diet sample from Thorshavn seemed to contain
less %0Sr and 137Cs than the estimated levels in Tables 2.3.1 and 2.3.2; this is
probably because important components of the Thorshavn diet (milk, pota-
toes and lamb) are generally lower in radioactivity content than the Faroese
average.

The main contributors to the %Sr content in the Faroese diet were milk
products, cereals and potatoes, which together accounted for approximately
70% of the total Sr content in the diet in 1987. As regards 3’Cs, potatoes,
milk products, and meat (lamb) were the most importaut contributors. In
1987, 91% of the total 137Cs content in the Jiet originated from these products.

The Faroese mean diet contained 0.93 times as much %0Sr and approxima-
tely 6 times as much 137Cs as the Danish diet in 19873).

The difference between the 3’Cs present in the Faroese and Danish diets
became a little less after the Chernobyl accident, because increased in impor-
tance of direct deposition. This did not differ so much between the Faroes
and Denmark as did indirect contamination, however.

2.4. Conclusion
2.41

The %S¢ fallout rate in the Faroes in 1987 was approximately 1.1 Bq %Sr m-2.
The accumulated fallout by the end of 1" 87 was estimated to be approximately
3250 Bq %°Sr m-2 (90 mCi km-?) (the mean at Thorshavn and Klaksvig).

The B7Cs mean deposit was 105 Bq m-2 in 1987, i.e. 5% of the original
deposit from the Chernobyl accident.

24.2.

The mean level of %St in Faroese milk was 64 Bq (kg Ca)l. The 137Cs
concentration was 7600 Bq 13’Cs m-3.

Lamb contained 107 Bq Y¥Cs kg-! in 1987. Fish showed a mean level of 0.63
Bq37Cs kg,

The mean content of %8r in drinking water was 2.3 Bq m-3,

The mean daily pro capite intakes resulting from the Faroese diet in 1987
v =estimated to be 0.15 Bq %Sr and 9.6 Bq 137Cs.

243.

The mean content of 137Cs in the Faroese adult was estimated to be approx-
imately 8700 Bq 137Cs (kg K)-!. This estimate is based on the diet estimate.

244.

In terrestrial samples (grass, milk, lamb, drinking water, potatoes, eggs, and
fodder) collected in the Faroes in 1987, 75-80% of the 13’Cs came from Cher-
nobyl. In marine fish about two-thirds of the 13’Cs was from the Chernobyl
accident.
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Appendix 2A

Predictions and Observations of %Sr and B’Cs in
Faroese Samples in 1987

The models used for the predictions shown in Table 2A were based on data
collected 1962-1976). We cbserve that nearly cll models overestimated the
levels in 1987, except those for 13’Cs in cod fish and in lamb. The mean levels
for these two sample tyg es were, however, encumbered with large standard

CITOrS.

Table 2A. Comparison between observed and predicted 9Sr and 137Cs comcentra-

tions in Faroese samples collected m 1987

Sample Unit Observed Number of Predicted Obs./pre. Modeiin ref 5
+1SE samples =1SE

Drinking water, Thorshavn  Bq %0Srm-3 38 =06 2 94 040006 C141N0.9
Drinking water, Kiaksvig Bqg %Srm-3 083 =002 2 1.77 047=001 C141No0.10
Drinking water, Tvaerd Bq %Srm3 24 =02 2 24 100:008 C.14.1No. 1
Sea water Bg %0Sr m-3 1.73 =0.12 3 190 091=006 C151No0.3
Sea water Bgi3’Cs m3 35 =02 3 99 035=002 C151No 3({x16)}
Grass Bq%9Sr(kg Cay' 2300 =640 6 4800 048=0.13 C241No.4
Grass Bq'37Cs(kgK)y' 8300 =2700 6 24000 0.35=0.11 C24.2No.3
Potatoes Bq %Srkg! 0.069 =0.017 3 0.21 033=008 C251No. 11
Potatoes Bq '3’Cs kg 46 =34 3 68 068=050 C253No.8
*Milk Bq%CSr(kg Ca)' 59 +2 12 300 020+001 C33.1No.1
*Milk Thorshavn Bg'¥Cs({kgKyr! 230C =300 12 6400 036+005 C33.2No.1
*Milk Kiaksvik Bq'3Cs({kgKy' 2200 =210 12 10600 021+002 C332No0.3
*Milk Tvaerd Bq'3Cs(kgKy! 6500 =570 12 12200 045005 C33.2No.5
Cod fish Bg%Sr(kgCay’ 85 =37 2 183 046+020 C351No.3
Cod fish 8q 3 Cskg' 070 =017 4 023 3042074 C35.2No.2
Lamb meat Bg%0Sr(kgCar' 1480 =630 3 1060 1.40=059 C341No.5
Lamb meat Bg '37Cs (kg Ky-! 40000 =+ 14500 3 6700 60 =22 C342No.5
Lamb bone Bg%Sr(kg Cay’ 1020 =280 6 1950 052+0.14 C343No. 1
*"Milk year”: June 1987 - May 1988.
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3. Environmental Radioactivity in

Greenland in 1987

3.1 Introduction

31

In 1987 the sampling programme was similar to that used in previous years,
but the Chemobyl accident caused certain modifications in order to estimate

the deposition of radiocesium.
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As hitherto, samples were collected through the local district physicians and
the head of the telestations. However, we have also obtained samples collected
by the Greenland Fisheries and Environmental Research Institute. A number
of the Greenland food samples were obuined from K.N.I. (Kalaallit Niuer-
fiat) (Greenland Trade).

3.13.

The estimated mean diet in Grenland was the same as that in 1962, i.e, it
agreed with the estimate given by the late Professor E. Hoff-Jergensen.

3.14.

The environmental studies in Greenland were carried out together with cor-
responding investigations in Denmark (cf. Risg Report No. 563%) and in the
Faroes (cf. Chapter 2 in this report).

3.15.

The present report does not repeat information concerning sample collection
and analysis already given in ref. 2.

3.2. Results and discussion

3.2.L1 Strontium-90 in Greenland Precipitation.
Table 3.2.1.1 shows the results of the measurements.

The 9Sr fallout in 1987 at the Greenland stations were generally lower as
compared with 1986.

Figure 3.2.1 shows the accumulated ®Sr at the various stations in Green-
land since measurements began in 1962.

Table 3.2.1.11. Strontium-90 in precipitation in Greenland in 1987.
(Sampling area: 0.02 m’)

Location Unit  Jan-March April-June July-Sept Oct-Dec 1987
m precipitation

Godthab Bg m-3 32 0.098 1.74 1.94
0612 Bgm-2 0.79 0.018 0.38 1.19
Scoresbysund Bgm-3 0.3 B 105 A 06 B 0.098B 0.42
¥ 0532 Bgm-2 0.068 0.110A 0.058 0018 0.23
Danmarkshavn Bqm-3 4.7 3 29 A 5 B 59
20.095 BgmZ 021 0.098 0.20A 0.06 B8 0.56
Prins Chr.Sund Bg m-3 B.D.L. 0.83A 0358 (0.61)
X (1.360) Bqm-2 8.D.L. 040A 0.148 (0.54)
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Table 3.2.1.1.2. Fallowt rates and accumulated fallout (Bg m-2) in Greenland

1950-1987
Scoresbysund Pr.Chr.Sund Godthab Upernavik
(Kap Tobin)
di Aizg) di Aigg di Aijzq, di Az,
1950 037 0.36 204 199 057 0.56 0.20 0.20
1951 1.76 2.06 979 1150 2.77 325 097 114
1952 344 538 1909 2997 542 846 1.90 2.97
1953 870 13.74 48.47 7659 1369 21.63 481 7.60
1954 3306 4569 184.28 254 71 5205 7794 1829 25.28
1956 4349 87.08 24245 485 41 6848 13710  24.06 4817
1956 5393  137.67 300,61 767.46 8491 21676 2983 76.16
1957 5393  187.08 300.61 104285 8491 29454 2983  103.49
1958 7481 25570 41704 142540 11779 40259 4139 14145
1959 10611 35327 591 53 196929 16707 55621 5870 19543
1960 1982 364.28 11051 203068 3121 57355 1097 20152
1961 2575  380.83 14357 212290 4055 59960 1425 21067
1962 12917  497.95 720.07 277583 20338 78401 7146 27546
1963 29045 769.78 154512 41889 47545 122972 ‘6058 42575
1964 18093  928.26 929.07 502638 25863 145319 10027 51359
1965 6882 97353 383.32 528193 16650 158144 3811 53867
1966 3737  987.02 207.94 5360.21 4329 158636 2072  546.18
1967 1813 981.41 7363 5305 .51 756 158068 1221 54520
1968 2442 98208 136.16 5313.15 00 157948 1332 54533
1969 1813  976.59 72.89 525883 2220 156385 6.73 53903
1970 3330  986.03 59.20 519243 3441 156051 1258 53858
1971 1517 97756 12284 518973 3256  1555.44 814 53381
1972 1258  966.75 55.50 512135 1517 153352 407 52517
1973 340 94724 17.91 5017.88 692  1504.06 278 51548
1974 1221 93679 4588 494416 1883 148692 1314 51613
1975 448 91904 86.21 491157 1957 147091 844 51218
1976 300 90026 1.7 4806.47 485  1440.91 244 50245
1977 518  884.06 3478 47269 1406  1420.60 703 49746
1978 1036 87329 54.39 466838 1443  1401.14 777 49330
1979 281 85541 10.36 4568 .24 999 1377.80 370 48526
1980 257 83172 5.74 446595 387  1349.04 302 47675
1981 450 822.33 27.79 438760 1057 132750 453 4699
1982 197 80483 519 4289.05 215  1298.24 127  460.05
1983 118 78697 (10.1) 419763 298 127049 153 45068
1984 087 769.23 (165 410010 162  1242.06 179 44178
1985 136 75239 (1.6 4004.82 (1.7) 121438 (~03) 43164
1986 114 73576 ~15 3911.73 164 118734  ~03 42175
1987 023 7186 ~4 332032 110 116048 { ~02) 41198
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Fig. 3.2.1. Accumulated %Sr at Prins Chr. Sund, Godthdb, Scoresbysund (Kap
Tobin) and Upernavik calculated from precipitation measurements since 1962. The
accumulated fallowt by 1962 was estimated from the Danish data (cf. Risp Report
No. 5093, Appendix D) and from the ratio of the %0Sr fallout at the Greenland
stations to that in Denmark in the period 1962-1987.

3.2.1.2. Radiocesium in Greenland Precipitation and Soil.

After the Chernobyl accident the rain water samples used for %Sr analysis
were also analysed for 137Cs and 134Cs (Table 3.2.1.2.1). Chernobyl debris was
present in the precipitation collected at Godthib and Scoresbysund. As ex-

Table 3.2.1.2.1. Cesium-137 in precipitation in Greenland in 1987.

Location Unit  Jan-March April-June July-Sept Oct-Dec 1987
Godthab Bg m-3 92 A BOL  BDL ..
Bg m-2 1.63A B.D.L. B.D.L.
Scoresbysund Bgm-3 102A 23 BD.L 8.D.L. ~7
Bg m-2 24A 24 B.D.L. B.D.L.
Danmarkshavn Bg m-3 8.D0.L.
Bg m-2 B.D.L.
Prins Chr.Sund Ba m-3 8D.L 228 B.D.L
Bg m-2 B.D.L 1.08 B8.D.L.

*Based upon measurements of combined samples for the whole year and
assuming a chemical yield of the PtClg precipitation of the AMP of 60%, which
has been found for Faroese drinking water samples.
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pected, the levels were higher on the east than on the west coast of Greenland.
The 137Cs fallout in 1987 at Godthdb and Scoresbysund was about 3% of the
original deposition from Chernobyl. This resuspension corresponded to that
observed in Denmark in 19873).

A sample of soil was obtained from Godthib collected October 1987. The
contribution of Chernobyl 137Cs in this sample was 83 Bq m-2. Total 137Cs was
440 Bqm-2.

3.2.2. Radionuclides in Greenland Sea Water
Table 3.2.2 shows the samplings carried out in 1987.

Table 3.2.2. Radionuclides in surface sea water collected in Greenland in the
autumn of 1987

Location Bq1¥Csm3 Bq%2Srm-3 Salinity %o
Danmarkshavn 6.0 3.6 223
Godthab 5.1 2.1 318
Prins Chr. Sund 6.4 26 294

3.2.3. Strontium-90 and Radiocesium in Greenland Terrestrial Mammals

Reindeer samples all contained Chernobyl radiocesium in 1987 (Table
3.2.3.1). Approximately 20% of the !3’Cs came from Chernobyl.

The mean content in the reindeer samples was 50 Bq !37Cs kg-! meat. %Sr
was 0.16 Bq kg-! meat and 2700 Bq (kg Ca)-! in bone.

A ptarmigan from Holsteinsborg contained 0.58 Bq !37Cs kg1, 0.20 Bq %Sr
kg-! and the bone contained 2300 Bq %Sr (kg Ca)-!.

Table 3.2.3.1. Radiocesium and strontium-90 in Greenland reindeer collected in
1987

Location Month  Samp'e Bq'3’Cs _'3Cs Bq9Sr Bq%Sr gK gCa
kg-! 3Cs  kg' (kgCa)l! kg' kg!
meat meat inbone meat meat

Godthab Feb | 70 0087 4400 3.0

g l 68  0.088 4600 3.2

" i 52 0.092 0.21 2500 24 0101
. \Y 70 0.084 I 4100 33 I
e " \ 67 0.087 4400 29

* Aug-Sept 15.8 0.081 2300 32

*Hoisteinsboryg - i 34 - 0.20 420 27 042

LA I 39 - 01582 510 30 028

*KNI 0.24 0.154

KNI June I 41 0.058 0.057 1850 39 0035

" ] 42 0059 0.117 2200 35 0.060

* Wild reindeer.
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Fig.3.2.3. Cestum-137 in Greenland mution, 1962-1987.

3.2.4. Strontium-90 and Radiocesium in Greenland Aquatic Animals

Four of the aquatic animal samples (Table 3.2.4 1) contained Chernobyl 13’Cs:
a whale from Holsteinsborg (11% Chemmobyl 13’Cs), salmons from Holsteins-
borg and Godthib (43%, 18% and 22%, respectively).

The mean concentrations in seals were 0.16 Bq 3’Cs kg-! and 0.002 Bq %°Sr
kg-l. Whales contained 0.54 Bq 13’Cs kg-! and 0.001 Bq %Sr kg-l. Fish con-
taired 0.55 Bq 137Cs kg-! and 0.13 Bq %Sr kg}, and shrimps contained 0.131 Bq
137Cs kg1 and 0.027 Bq %0Sr kg1

Table 3.2.4.1. Radiocesium in aquatic animals from Greenland in 1987

Species Location Month 1371Cs  134Cs gk
Bq kg—] 137Cs kg"l

Seal Egedesminde Feb 0.25 - 1.46

" Godthab July 0.078 - 1.32
Whale Egedesminde March 0.27 - 262
Piked whale Holsteinsborg July-Aug 0.81 0.041 2.75
Salmon Holsteinsborg July 0.31 0.16 A 338
Salmon | Godthab July 0.80 0.068A 3.17
Salmon i Godthab July 0.53 0081 A 355
Shrimps KNI 0.131 - 1.37
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Table 3.2.4.2. Strontium-90 in aquatic animals from Greenland in 1987

Species Location Month 90Sr %0Gr gCakg!
Bg kg' Bqlkg Cay' flesh
flesh bone
Seal Egedesminde Feb 0.0017 B8 081 B 0.077
" Godthab July 0.0020 B 1.70 0.048
Whale Egedesminde March 0.0008 B 0.39
Pixed whale Ho'steinsborg July-Aug 0.0010 B 0.0035
Salmon Holsteinsborg July 00007 B 2.7 0.21
Salmon | Gndthab July 0.29 0.195
Salmon |l Godthab July 0.103 0.23
Shrimps KNI 0.027 0.42
Fig. 3.2.4. Cestur.-137 in seal and whale meat from Greenland 1962-1987.
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3.2.5. Radionuclides in Greenland Vegetation

Chernobyl 137Cs was present in moss, lichen, and grass from Greenland in
1987. Moss and lichen contained about 5% and grass twice as much from
Chernobyl. The deposition of Chernobyl 13’Cs at Egedesminde was estimated
from the two moss samples to be 16 Bq 13’Cs m-2. The lichen samples from
Jacobshavn and Godthdb suggested Chernobyl depositions of 9 and 51 Bq
137Cs m2, respectively. These estimates are one-third to one-half of those
obtained from soil measurements in 19864).

Table 3.2.5.1 shows that Tc was measurable in seaweed from Godthib.
Ascophyllum contained two times higher levels than Fucus, which is in
agreement with earlier observations (cf. Risg-R 510)%).

The transfer factor from Sellafield to W-Greenland waters has been deter-
mined to be 0.4 Bq per PBq y-! 9 or in fucus 40 mBq kg-! d.w. per TBq y-!.
Hence the expected discharge observed should have been 150 TBq y-!1. This is
close to the discharge in 1978 (179 TBq). The transit time from Sellafield to
W-Greenland should then have been 9 years, which seems reasonable.

Table 3.2.5.1. Radionuclides in seaweed collected at Godihdb in 1987

Species Date %0Sr 0S¢ 9Tc 137Cs gk gCa
Bg kg-! Bag Bgkg' Bgkg' kg-'dry kg-'dry
dry (kg Ca)! dry dry
Fucus vesiculosus 8/8 0.24 A 199A 59 0.48 208 1.9
Ascophyllum nodosum 10/9 - 138 12.0 0.34 17.3
Table 3.2.5.2. Radionuclides in lichen, moss, and grass collected in Greenland in 1987
908[' 134(:5 137(:3 134Cs
Species Location Month Bqkg' Bgm-2 Bgkg' Bgm-2 Bgkg' Bgm-2 137Cs
dry dry dry
Moss Egedesminde July-Aug 43 210 1.89 9.1 102 490 0.0186
Moss Egedesminde July-Aug 44 196 0.71 3.1 100 440 0.0071
Moss Danmarkshavn Aug 52 167 220 740
Lichen Danmarkshavn Aug 51 84 162 250
Lichen Jacobs'avn July 16.6 17.9 3.0 32 115 124 0.026
Lichen Godthab Aug 66 210 59 189 470 1510 0.0126
Grass Egedesminde July 6.1 1.45 33 0.044
Grass Godthab Aug 31 0.88 27 0.032

3.2.6. Strontium-90, Radiocesium, and Tritium in Greenland Drinking
Water

Quarterly samples of drinking water were collected from a number of loca-
tions in Civewiand. Tables 3.2.6.1-3.2.6.3 show the results from 1987, and
Fig. 3.2.6 the geometric annual %Sr means of all samples for the period
1962-1987.
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Table 3.2.6.1. Strontium-90 in drinking water collected in Greenland in 1987
(Unit: Bgm-3)

Location Jan-Mar April-June  July-Sept  Oct-Dec
Danmarkshavn 22 10.7 48 17.7
Scoresbysund 17.2 15.3 12.3 106
Prins Chr. Sund 27 6.3 56
Godthab 83 96 6.8

Upernavik 143 6.3
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Fig. 3.2.6. Strontium-90 in Greenland drinking water (geometric mean), 1962-
1987

Table 3.2.6.2. Cestum-137 in drinking water collected in Greenland in 1987
(Unit: Bgm-3)

Location Jan-Mar April-June  July-Sept  Oct-Dec
Danmarkshavn < 2.6 <4 <3 <4
Scoresbysund 1 B 3 B

Prins Chr. Sund 47 <25 36 A
Godthdb 37 32A 3 B

Upernavik 3 B <3
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Table 3.2.6.3. Tritium in drinking water collected in Greenland in 1987
(Unit: kBg m-3)

Location Jan-March
Danmarkshavn 1.61+0.00
Scoresbysund B.D.L.
Prins Chr. Sund B.D.L.
Godthab 204005
Upernavik 246+0.10

The error term is 1 S.E. of the mean of
double determinations.

As in previous years, we found it most expedient to choose the geometric
mean of all figures, i.e. 12.4 Bq %0Sr m-3 (0.34 pCi I-!) as representative of the
mean level of 9Sr in Greenland drinking water in 1987. This level was in
agreement with observations of earlier years (Fig. 3.2.6). The levels in drink-
ing water are still surprisingly high compared with present rain concentra-
tions (cf. Table 3.2.1.1). We have suggested that evaporation from the drink-
ing water reservoirs was responsible for the higher ¥0Sr levels. Tritium mea-
surements show (Table 3.2.6.2) that Greenland drinking water shows similar
tritium levels as rain from Denmark?); hence evaporation seems to be a
possible explanation. The high %0Sr levels may, however, also be due to the
extraction of old deposited %0Sr activity from the soil by the water collected
for drinking. This would also be compatible with "normal” tritium concen-
trations. If old ice (e.g. from the early sixties) had been the source, we would
have expected high tritium concentrations.

3.3. Estimate of the Mean Contents of %Sr and 137Cs in
the Human Diet in Greenland in 1987

3.3.1. The Annual Quantities

The estimate of the daily pro capite intake of the different foods in Greenland
is still based on the figures given in 1962 bv the late Professor E. Hoff-Jgorgen-
sen, in Risp Report No. 652,

3.3.2. Milk Products

All milk consumed in Greenland was imported as milk powder from Den-
mark. The mean radioactivity content in milk prepared from Danish dried
milk produced in 1987 was 0.071 Bq %Sr kg~! and 0.60 Bq 137Cs kg-! %,

Cheese was also imported from Denmark and contained 0.50 Bq %9Sr kg-!
and 0.43 Bq 137Cs kg1,

3.3.3. Grain Products

All grain was imported from Denmark. It is assumed that only grain from the
harvest of 1986 was consumed in Greenland during 1987. The daily pro capite
consumption was: rye flour (100% extraction): 80 g; wheat flour (75% extrac-
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tion): 110 g; rye flour (70% extraction): 20 g; biscuits (rye, 100% extraction):
27 g, and grits: 25 g. The content of %Sr in these five products was 0.43, 0.08,
0.09, 0.32, and 0.23 Bq kgl respectively. Hence the mean content of %Sr in
grain products was 0.23 Bq kg!. The content of 13Cs in the five products was
111, 0.29, 2.22, 8.22, and 0.37 Bq kg!. Hence the mean content of ¥7Cs in
grain products was 4.56 Bg kg~

The activity levels in rye flour (100% extraction), wheat flour (75%
extraction), and grits were all taken from Tables 5.9.1 and 5.9.2 in Riso Report
No. 540%. The calculations of the %Sr level in rye flour (70% extraction) was
made similarly to that of the level in wheat flour (75% extraction), i.e. as
one-fifth of the whole- grain activity. The 37Cs content in rye flour (70%
extraction) was calculated as one-half of the whole-grain level in rye in ana-
logy with the ratio of P’Cs in whole wheat grain to wheat flour (75%
extraction)?). The %S+ and 137Cs contents in biscuits were calculated by divi-
ding the levels of the rye flour (100% extraction) by 1.35, since 1 kg flour yields
1.35 kg bread?.

3.3.4. Potatoes, Other Vegetables, and Fruit

The Danish mean levels for 1987 were used?), since the local production is
insignificant compared with imports from Denmark.

The Danish mean levels were: in potatoes 0.044 Bq %Sr kg and 0.134 Bq
137Cs kg, in other vegetables 0.32 Bq %0Sr kg~! and 0.064 Bq 13’Cs kg !, and in
fruit 0.065 Bq %Sr kg! and 0.16 Bq 137Cs kg

3.3.5. Meat

Nearly all meat consumed in Greenland is assumed to be of local origin.
Approximately 10% comes from sheep, 5% from reindeer, 60% from seals, 5%
from whales, and 20% from sea birds and eggs.

The activities in reindeer were estimated from 3.2.3. Seal and whale were
estimated from 3.2.4. The levels of lamb and sea birds (and eggs) were taken
from last year'’s measurements (Risp-R-550)9. Hence the mean levels in
Greenland meat from 1987 were 0.019 Bq 99Sr kg-! and 5.6 Bq 137Cs kg-!.

(%0Sr: 0.1 x0.097 + 0.05x0.16 + 0.6 x0.002 + 0.05 x0.001 + 0.2x0
= 0.019 Bq kg

(37Cs: 01x29 + 0.05%x50 + 0.6 x0.16 + 0.05x0.54 + 0.2x0.44
= 56 Bqkg™)

3.3.6. Fish

All fish consumed was of local origin, and the mean levels from 1987 were
used, i.e. 0.13 Bq %°Sr kg-'and 0.55 Bq 137 Cs kg!.

3.3.7. Coffee and Tea

The Danish figures for 19873 were used for coffee and tea, i.e. 0.41 Bq %Sr
kg1and 1.23 Bq 137Cs kg!.

44 Risg-R-564



3.3.8. Drinking Water

The geometric mean calculated in 3.2.6 was used as the mean level of %Sr in
drinking water, i.c. 12.4 Bq %0Sr m-3. The 13’Cs content was approximately 3

Bq¥Cs m-3.

Tables 3.3.1and 3.3.2 show the diet estimates of ®Sr and 137Cs, respectively.

Table 3.3.1. Estimate of the mean content of %Sr in the human diet in Greenland

in 1987
Type of food Annual BQq%Sr Total Percentage of
quantity perkg Bqg9Sr total Bq 2Sr
in kg in food

Milk and cream 78 0.07 5.54 92
Cheese 25 0.50 1.25 21
Grain products 95.6 0.23 21.99 36.7
Potatoes 328 0.044 1.44 24
Vegetables 55 0.32 1.76 29
Fruit 135 0.065 0.88 1.5
Meat and eggs 456 0.019 0.87 1.5
Fish 127.6 0.013 16.59 27.7
Coffee and tea 7.3 0.4 2.99 5.0
Drinking water 548 0.012 6.58 1.0
Total 59.89

The mean annual calcium intake is estimated to be 0.56 kg
(approx. 0.2-0.25 kg creta praeparata). Hence the 90Sr/Ca ratio in
Greenland total diet in 1987 was 107 Bq %0Sr (kg Ca)-! or 2.9 pCi
%0Sr (g Ca)' and the daily intake was 0.16 Bq S0Sr or 4.4 pCi

990Gy,

Fig. 3.3.1. Srontium-90 in Greenland diet, 1962-1987.
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Table 3.3.2. Estimate of the mean content of 137Cs in the human diet in Greenland
n 1987

Type of food Annual Bq'37Cs  Total Percentage of
quantity perkg Bqg'™’Cs totalBq'37Cs
in kg in food
Milk and cream 78 0.60 46 .80 57
Cheese 25 043 1.08 0.1
Grain products 956 456 43594 527
Potatoes 328 0134 4.40 05
Vegetables 55 0.064 0.35 0
Fruit 135 0.16 2.16 0.3
Meat and eggs 456 56 255.36 309
Fish 1276 0.55 7018 85
Coffee and tea 73 1.23 8.98 11
Drinking water 548 0.003 1.64 02
Total 826.89

The mean annual potassium intake is estimated to be approx. 1.2
kg. Hence the 137Cs/K ratio becomes 690 Bg '37Cs (kg K)-' or 18.6
pCi 137Cs (g K)-1). The daily intake in 1987 from food was 2.27 Bq
137Cs or 61 pCi 137Cs.

Fig. 3.3.2. Cestum-137 in Greenland diet, 1962-1987.
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3.3.9. Discussion

The most important 95r source in the Greenland diet is still grain products,
which contribute 37% of the total %8¢ content in the diet. Approximately 60%
of the %S¢ in the food consumed in Greenland in 1987 originated from
imported (Danish) food.
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Meat is still an important 137Cs source in the Greenland diet, contributing
31% of the total content in 1987. However, grain contributed with 53% to the
intake of 37Cs with Greenland diet in 1987, which was due to the Chernobyl
contamination of Danish grain in 1986. Approximately 40% of the 13’Cs in the
Greenland diet in 1987 came from local products. This is lower than had been
observed earlier, because the Danish imported food, in particular grain and
milk, was contaminated by Chernobyl 37Cs.

The %9Sr contents in the total diet in 1987 was 1.36 times the 1986 level.

The 137Cs level was twice that found in 1986. As discussed earlier?), the great
variations from year to year are primarily due to the variations in the 13Cs
levels in the lamb and reindeer samples obtained. The contribution of Cher-
nobyl 137Cs to Greenland meat was far less than these variations.

The %0Sr content of the Greenland diet in 1987 was equal to the Danish
mean content?), and 1.1 times the Faroese level). The 137Cs level in the total
diet in Greenland was 1.45 times the Danish and 24% of the Faroese diet level.

3.4. Conclusion
341

The ®Sr fallout rate in 1987 was less than 1 Bq m-2. The deposition of ¥’Cs
from the Chernobyl accident (resuspension) varied from nearly nil to 7 Bq
m-2.

34.2.

The food consumed in Greenland in 1987 contained on the average 107 Bq
208r (kg Ca)l, and the daily mean intake of 137Cs was estimated as 2.27 Bg.
The most important %0Sr contributor to the diet was grain products; these
accounted for 36% of the total Sr content of the diet. Cesium-137 originated
mainly from grain and meat (reindeer and lamb), contributing 84% of the
total B7Cs content of the diet. Chernobyl radiocesium was detectable in
Greenland food, but did not influence the 137Cs level significantly.

343.

No %0Sr analyses of human bone samples have hitherto been carried out on
the population of Greenland. Considering the estimated %Sr levels in the
diet, it seems probable®), however, that the 1987 %8r levels of humans in
Greenland were on the average rather similar to those found in Denmark, i.c.
the mean levels in human bone in Greenland were approximately 22 Bq 9Sr
(kg Ca)! (vertebrae). From diet measurements, the 13’Cs content in Green-
landers was estimated as 2000 Bq 137Cs (kg K).

Risp-R-564 47



4. Environmental Radioactivity in the
North Atlantic Region

4.1. Monthly Surface Sea Water Samples from Utsira,
Norway

Institute of Energy Technology, Kjeller, Norway, collects monthly sea water
samples at Utsira 59°I19'N, 4°S4’E in SW-Norway. From this station it is
possible to monitor the radioactivity in the Norwegian Coastal Current,
which carries the activity from the North Sea 10 the Arctic waters in the
north.

Tables 4.1.1 and 4.1.2 show the results from 1987 and 1986. 45% of the B37Cs
in the sea water from Utsira in 1987 was from Chernobyl. This contribution
was rather constant throughout the year (relative S.D.: 8%).

Table 4.11. Radiocestum and stronttum-90 tn surface sea water collected in 1987
from Utsira, Norway. S9°I9'N, $S4’E. (Unit: Bq m-3)

133Cs  Salinity

90 137 99

Date Sr Cs 137Cs  in %o Tc
March 19 10.0

April 12 134 59 0.20 286 lost
May 16 112 56 0.162 N3 0.62
June 19 108 50 o.1n 33.2 1.04
July 27 133 54 0.184 320 1.26
Aug 31 140 52 0.147 308 1.19
Sept 28 130 48 0.161 323 1.46
Nov 3 48 0.168 290 1N
Mean 122 52 310 1.21
1S.D 1.54 42 1.70 0.37
Relative S.D. 13% 8% 5% 31%

Table 4.1.2. Technetium-99 in surface sea water collected in 1986 from Ultsira,
Norway. SY19N, €°54°E. (Unit: Bg m3)

Date MT¢ Salinity
Bgm-3 in %o
April 23 1.68 323
May 20 1.02 30.2
June 217 294
July 2.17 320
Octocer 28 1.40 324
November 17 1.45 331
December 5 1.56 330
Mean 1.64 318
1SD. 0.42 1.42
Relative S.D. % 26% 4%
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Fig. 411 Cesium-137 in surface sea water collected at Utsira (S9°19'N, 4°54’E).
(Unit: Bq m-3).

Fig. 4.12. Technetium-99 in surface sea water collected ar Utsira (S9°I9'N,
4°S4’E). (Unis: Bg m3).
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4.2. Surface Sea Water Samples Collected in West
Greenland Waters in July 1987 by The Greenland
Fisheries and Environmental Research Institute

The sampling in 1987 was the sixth since this programme began in July 1983;
108 %Sr and 116 137Cs analyses have been carried out. The data were treated by
two-sided anovas (cf. Tables 4.2.2-4.2.3).

It appears that the variation between samplings was considerably larger for
20Sr than for B7Cs, although both were highly significant. Thus, from July
1983 to July 1987, the %Sr concentrations decreased by a factor of 2.1, while
the B7Cs decreased by a factor of only 1.2. For 137Cs the variation between
locations was significant; the southern locations at 64°N contained 1.4 times
higher concentrations than the northern at about 71°N. There was no signif-
icant local variation for %Sr. The explanation for these significant differences
between the distributions of %Sr and 137Cs is that the discharges of 13’Cs from
Sellaficld have partly compensated for the decrease in global fallout concen-
trations. This compensation does not take place for %Sr. Hence we see a more
rapid decrease in time for this nuclide. Furthermore, the Chernobyl accident
also contributed to this compensation for 137Cs in 1987. As the Sellafield input
comes with the East Greenland Current, it makes sense that the highest 37Cs
concentrations are found at the southern stations at West Greenland because
these stations first receive the water from the East Greenland Current. The
B37Cs determinations of bulked samples in 1987 (cf. Table 4.2.1) show that the
percentage of Chernobyl B7Cs was nearly the same at the southern stations
(~64°-67°N) as at the northern locations (68°-71°N), namely 8 and 7%, re-
spectively (cf. also 4.6).

Table 4.2.1. Strontium-90 and cesium-137 in surface sea water o), West Greenland
in July 1987

Latitude Longitude Name of Location 0Sr 134Cs  137Cs  Salinity
N w Bagm3 Bgm3 Bgm-3 in%o
63°69° 52°22 Fylla Banke {Nuuk) 26 46 319
63°55" 53°07 Fylla Banke (Nuuk) 31 iost lost
63°48° 5355 Fylia Banke (Nuuk) 26 47 334
65°06° 53°00 Sukkertoppen (Maniitsoq) 2.4 50 327
65°06° 53°59 Sukkertoppen (Maniitsoq) 2.6 0.131 46 335
65°06° 54°58 Sukkertoppen (Maniitsoq) 2.5 50 334
66°53° 54°08 Holsteinsborg {Sisimiut) 2.1 42 334
66°46° 55°35 Holsteinsborg (Sisimiut) 23 43 335
66°41° 56°37° Holsteinsborg (Sisimiut) 24 4.1 335
67°34 57°10 Intermediate station 2.6 4.2 33.2
68°00° 55°00° Egedesminde (Aasiaat) 2.3 37 338
68°04° 56°00° Egedesminde (Aasiaat) 2.4 41 335
68°08° 5717 Egedesminde (Aasiaat) 2.3 36 31.7
68’14  58°40 Egedesminde (Aasiaat) 22 45 319
68°32° 5810 Disko rende 21 43 325
68°43°  55°03 Disko rende 19 0.107 42 334
69°08° 58725 Disko rende 20 36 326
69°30° 56°00 Disko fjord 2.3 36 334
70°45  54°60° Nugssuag 2.1 29 320
70°45  §7°00° Nugssuag 21 35 32.3
70°41°  59°30° Nugssuag 2.2 39 316
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Table 4.2.2. Anova of In Bq 9°Sr m-3 surface water collected off West Greenland
Fuly 1983 - Fuly 1987 (cf. Table 4.2.1 and Rise-R-510, 528 and 5414))

Variation SSD f §? w2 P

Between samplings 6.312 5 1.262 58.40 >99.95
Between locations 0624 31 0.020 0.931 -
interaction 1513 70 0.022 1.07 -
Remainder 0.020 1 0.020

Table 4.2.3. Anova of In Bq 137Cs m3 surface water collected off West Greenland
Fuly 1983 - Zuly 1987 (cf. Table 4.2.1 and Ris#-R-510, 528 and 5419)

Variation SSD f s2 V2 P
Between samplings 0.751 5 0.150 11.60 >989.95
Between focations 1.365 32 0.043 3.29 >99.95
interaction 0998 77 0.013 0.63 -
Remainder 0.021 -1 0.021

4.3. »Polarstern« Cruise to the Greenland Sea June
1987

Figure 4.3.1 shows the distribution of %Sr in surface sea water in the Green-
land Sea in 1987. A few deep water samples are also included. The input from
Sellafield appears (in the lower right corner of the figure) around 70°N and
15°E.

Input of Arctic Ocean water with enhanced global fallout concentrations is
seen in the East Greenland Current (EGC) (cf. the upper left part of the map).
The lowest %Sr concentrations are secn in the central part of the Greenland
Sea (~ 75°N, ~ 0°).

The 137Cs concentrations are shown in Fig. 4.3.2. The contribution from
Chernobyl decreases by an order of magnitude when we move westwards.
Figure 4.3.3 shows the relative contribution of 13’Cs from Chernobyl. The
relatively high contribution at 72°27'N, 8°11’W (48% mav be due to upwel-
ling of deeper water with Chernobyl 137Cs. In the EGC the Chernobyl signal
is a few per cent of the total 37Cs,

Figure 4.3.4 shows the 137Cs/Sr in the Greenland Sea. If we look at the
non-Cernobyl ratios we notice that nearly all of them are greater than the
expected ratio in global fallout in the Arctic, which is about 1.2-1.59). In the
EGC closest to Greenland the ratio approaches that in global fallout.

Figure 4.3.5 shows the #¥Tc¢ concentrations. The highest levels were seen in
the northern part of the Fram Strait around 80°N. A single high value was
seen at 74°10'N 8°00'W (107 mBq m-3). Neighbouring samples collected at
200 m depth may suggest that upwelling of deeper water was due to the
enhanced level found in this sample. Figure 4.3.6 shows the 9Tc/Sr; these
data support the theory of upwelling as the reason for the above-mentioned
enhanced level.
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Table 4.3. Radionuchides in sea water collected in Fram Straits and Greenland Sea in June 1987

Positinn Date Depth Temp. Sahmty %S¢  ¥Tc 4Cs 17Cs 8Py 2W240p,; 1AM
N EorW inm n'C in%e Bgm?d mBgqm3 Bqm?¥ Bgm? mBgm3 mBgqm3 mBgm 3
78°49° 00°'10W June 10 2 15 341 29 69 1.72 104
79°10° 09°'48W June 12 2 15 324 42 470 69
79°00° 12225W June13 2 16 324 43 147 64=01
79°52° 04°21'W June 14 2 -16 323 50 122 006 A 102 0.52 125 lost
80°00° 04°29E  June 16 2 15 342 28 104 147 104
78°54° 06°'43E  June 1?7 2 40 345 25 86 24 124 0.63 150 20
76°3% 02°'14W June 18 2 00 332 a3 66 1.06 92 153 1.7
75°30° 06'39W June 19 2 05 331 ki 98 065 93
7533 08°49W June 19 2 08 330 43 90 035A 95
7535 11°22W June 20 2 17 324 lost 53 0.094 8.1
75°33 11 39W June 20 215 15 349 24 110 70
75°26° 10°47W June 21 2 -6 329 35 84 036A 88
75°26° 10°47W June 21 200 10 350 21 84 161A 109
7509 12°28W  June 22 2 17 324 42 82-20 0075 80
74°10° 08°00W June 23 2 27 338 25 107 054 71 171 20
7227 08°11'W June 24 2 26 340 26 44 181A 100
71721 08°36W June 25 2 29 34 28 57 049 89 164 145
72°00° 15°00W June 25 2 - 329 24 70 052 6.5
72°22 16°47W June 26 2 06 322 36 41 70
72°30° 17 31'W June 26 2 00 29 42 74 0.096 65 120 23
7327 1F19W June 27 2 01 322 36 56 066 88 13 20
7417 06'15W  June 28 2 26 342 23 26 58
74°30° 02°35W June 28 2 22 347 22 37 0.21 56 13.0 BDL
74°30° 02°35W June 28 3570 105 349 084 0.12A 1.08
7438 01°CIE  June 29 2 19 348 21 31 57
7438 01°03E June 29 10 19 348 21 51
74°42 03°46E  June 29 10 28 349 27 6.4
7332 08°23E  June 30 10 60 349 31 22 125
7311 09°43E  June 30 10 59 351 25 26 126
7751 11°03E  June 30 10 63 351 26 25 125
7719 12°46E  June 30 10 68 351 38 35 160
71°57° 14°00E  June 30 10 67 349 40 48 217
71°35" 1516E  June 30 10 &7 349 a8 44 210
07 17°00E  July 1 10 66 343 63 86 40
70°38 18°33E  July1 10 64 342 6.3 92 41
70025 19°39E  July 1 10 62 344 67 83 40
70°09° 20°15E  Juiy 1 10 57 343 6.6 89 39

The errar term is 1 S E. of the mean of double determinations
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POLARSTERN, JUNE 1987
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Fig 4.3.1 Strontium-90 in the Greenland Sea, June 1987. Surface water samples
except where depths are given.
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Fig. 4.3.2. Cesium-137 in the Greenland Sea, June 1987. Measured total 137Cs
(upper figures) and calculated Chernobyl-derived 137Cs based on 134Cs measurements
(lower figures). Surface water samples except where depth cre given. The tsolines
show the 137Cs-Chernobyl concentrations.
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Fig. 4.3.3. Fraction of 137Cs originating from Chernobyl, Greenland Sea, Fune
1987. Based on data given in Fig. 4.3.2.
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Fig. 4.3.4. Cesium-137/strontium-90 ratios based on data given in Figs. 4.3.2 and

4.3.1. Upper figures refer to total 13'Cs; lower figures to Chemnobyl-derived 137Cs.
The isolines show the 137Cs/90Sr non-Chernobyl ratios.
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POLARSTERN JUNE 1987
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Fig. 4.3.5. Technetium-99 in the Greenland Sea, June 1987. Surface water samples
except where depths are given.
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Fig. 4.3.6. Technetium-99/strontium-90 ratios based on data given in Figs. 4.3.5
and 4.3.1. Greenland Sea, June 1987.
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4.4. Transuranics in the Greenland Sea in ”Polarstern
Samples” Collected in June 1987

Tables 4.3 and 4.4 show the results of Pu and Am analyses of total sea water
and particulates in sea water samples obtained from filtration of the water
through a 0.45 p millipore cartridge filter. The particulate Pu fraction was
determined in 7 samples. The mean fraction of particulate Pu was 15.0 +5.2%
(=18.D.); for 5 Am samples we found 10.4 +6.3%.

The mean concentration of 239290Py in total sea water from the Greenland
Seawas 141+2.2 mBq m3 (1 S.D.; N = 8) and the mean 24'Am concentra-
tion was 1.91+0.29 mBq m-3 (=1 S.D.; N = 6). Two samples were analysed
for 233Pu. The mean 238Pu/239:290Py was 4.4+0.28% (=1 S.D.) and the mean
241A/239,240Py was 13.5£4.0% (=1 S.D.; N = 6). In July 1983%) the mean
239.240Py concentration was 12 mBq m-3 in the Greenland Sea. Hence we
conclude that the Pu concentrations have been rather constant in this area for
the last four years.

Table 4.4. Particulate transurani.~ in sea water collected on 0.45 p. Millipore filters
in the Fram Strait and Greenland Sea in June 1987

Position Date Depth 238py  239.240py  241Am

N EorW inm mBgm3 mBgm-3 mBgm-3
79°00° 12°25W June 13 2 B.D.L. B.D.L. BD.L.
79°52" 04°21'W Junel4d 2 B.D.L. B.D.L. BD.L.
78°54" 06°43'E  June 17 2 011 B 1.7 0.26
76°39° 02°14'W June 18 2 014 B 3.0 0.184
74°10° 08°00'W June 23 2 0.085B 21 0126
71°21° 08°36'W June 25 2 030 B 4.0 0.28
72°30° 17°31'W June 26 2 0.10 B 1.19 0.064
73°27" 13°19°W June 27 2 018 B 1.57 B.D.L.
74°30° 02°35W June 28 2 0.044 B 1.74 BD.L.

4.5. ’Bjarni Smundson” Cruise to the Denmark Strait
and the Southern Greenland Sea in September 1987
(GSP Project)

Figure 4.5 and Table 4.5 show the results of the 9Sr and radiocesium analyses
from samples collected by “Bjarni Szmundson” in September 1987. The
lowest %Sr concentrations were observed around Iceland, the highest were
seen in the East Greenland Current (EGC).

The 137Cs concentrations were also highest in EGC. Chernobyl 137Cs was
present in the eastern samples (cf, Table 4.5). The mean contributicn from
Chernobyl in these samples was 38%.

A single sample from the Denmark Strait (64°04'N 52°09°W) contained
surprisingly high radiocesium concentrations. The 134Cs content in this sam-
ple suggested that about 9% of the 137Cs in this sample was from Chernobyl.
This seems high when we compare measured values of this isotope with
neighbouring samples and with the %Sr content in the sample. From the %Sr
concentration we would expect a global fallout background of !3’Cs of
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Fig. 4.5. Strontium-90 and cesium-137 in surface sea water collected in the Green-

land Sea and Denmark Straits in September 1987. The isolines show the strontium-
90 concentrations. (Unit: Bq m-3).
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Table 4.5. Radionuchdes in surface sea water collected from "Bjarni Semundsen”™
(Greenland Sea Project) in the Greenland Sea and Denmark Strait in September
1987. (Unit: Bqgm 3)

Position NSr 134Cs 137Cs Salinity

N W in %o
64°20° 27°57 1.64 418 126 349
68°00" 12°40° 1.60 0.74 A 49 344
69°28" 15726 217 6.2 343
71°00° 1215 1.37 0.86 A 6.4 345
71°00° 930 1.48 093A 6.9 346
72°03 16°18° 3.02 092A 84 293
7213 11°30° 431 1.06A 6.5 318
71°00° 16°16° 221 7.7 343
71°00° 18°16° 29 7.0 323
71°00" 20°06° 592 8.0 304
70°00° 17°56° 249 6.5 339
70°15" 21°52° 378 7.2 285
70°00° 21°47° 381 . 79 305
67°10° 22°52 1.99 33 346
68°30° 25°5%° 3.76 6.7 30.6
68°30° 22°3%° 324 04 B 78 336
68°30° 28°5%° 193 51 342
69°31" 21°16’ 405 7.2 325
65°14" 27°30° 1.75 30 35.0

1.45x1.64 = 2.4 Bq m-3. If the remaining !3’Cs was from Chernobyl, i.c. 10.2
Bq m-3, the 134Cs/!3’Cs in the Chernobyl debris would be 4.18/10.2 = 0.41.
The theoretical ratio in September 1987 was 0.36. Thus, considering the
uncertainties of the !34Cs and !¥’Cs determinations we cannot exclude the
high Chernobyl contribution in this sample.

4.6. Cruise Godthab - Thule by the Greenland
Environmental Research Institute in
August-September 1987

Surface sea water samples were collected in August from Godthdb to Thule
and back again in September by the Greenland Environmental Research
Institute (Table 4.6 and Fig. 4.6). The samples collected in August were
combined into one sample for the 134Cs determination, and so were the
September samples. The contributions of !3’Cs from Chernobyl in the two
sets of samples were 17% and 18%, respectively. The contribution of Cherno-
byl 137Cs 1n West Greenland sea water increased from 7-8% in July to 17-18%
in September (cf. 4.2). The samples collected on the way home from Thule in
September were closer to land than those collected on the way out. The 137Cs
concentrations were lower in the coastal samples than in those farther from
land. In general, this was the case for 9Sr as well.

Risg-R-564 6l



Table 4.6. Radionuchdes m surface sea water collected off West Greenland i
August-September 1987. (Unit: Bg m-3)

(These samples were obtained from Rume Dretz, The Greeniand Ewvironmenial
Research Institute)

Position Date %Gy 134Cg 137Cs Salinity
N W in %o
64°04° 52°09° 2478 285 40 277
66°30° 54°4% 25/8 2.70 46 325
69°41° 55°08° 26/8 253 39 330
71°39° 59°20° 27/8 274 35 299
74°26° 62°41° 28/8 243 0.156 37 305
76°09° 69°29° 29/8 2.42 3.1 30.0
76°35° 69°00° 308 2.35 3.1 290
77°32° 68°30° 19 2.62 28 304
74°24° 59°1%° 58 262 36 30.8
72°4;5° 55°40° 89 1E3 0.155 34 319
71°14° 53°26° 119 2.22 28 31.2
70°16° 53°26° 129 257 26 324
67°11 52°13° 1509 260 44 320
64°14° 51°27° 179 278 31 249

Fig. 4.6. Strontium-90 and cestum-137 concentrations in West Greenland surface
sea water collected in September 1987.
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4.7. Summary of Radionuclide Determination in
Greenland Sea Water Samples Collected in 1987

Figure 4.7 and Table 4.7 show the mean %Sr and 13’Cs concentrations in
surface sea water collected in 5° latitude bands in the coastal waters around
Greenland in 1987.

The figure shows that the input of B7’Cs as well as of %Sr comes in the
Fram Strait in the northeast. In the case of 137Cs, there are 3 sources to the
enhanced levels in the northeastern Greenland waters: 1) global fallout in the
Arctic Ocean, 2) discharges from Sellafield, which have reached these waters
with the Norwegian and West Spitbergen Currents, and 3) fallout in the NE
Atlantic from the Chernobyl accident. In the case of %Sr, the main source is
global fallout. From observations in the East Greenland Current?made in
earlier years, we may estimate the global fallout backgrounds in 1987. This is
done by extrapolation of the exponential decreasing concentrations measured
at Danmarkshavn, Angmagssalik and Prins Christians Sund (cf. Fig. 3.1). In
the Arctic water (from the East Greenland Current) we estimate 3.9 Bq B7Cs
m-3 and 3.3 Bq %Sr m-3. In a similar way, we may estimate the background
levels in the NE Adantic Ocean from Faroese observations® as 2.5 Bq 37Cs
m-3 and 1.75 Bq %Sr m-3. From Fig. 4.7 it appears that the B¥’Cs and %0Sr
concentrations observed along the west coast of Greenland are between the
above estimates for Arctic and Atlantic water.

Table 4.7. Strontium-90 and cesium-137 mean concentrations in surface sea water
with salinities = 30%eo in 5° latitude bands collected around Greenland in 1987

Bgm3 =1S.D. (N)west of 0°

West Greenland East Greenland
Latitude 08¢ 137Cs 137Cs/20Sr NG, 137Cs 137Cs/90S¢
band
60-65 28+029(3) 4.7+0.07{2) 1.68+0.18 1.64 {1) 126 (1)
65-70 23+0.22(18) 42+0.43(18) 183+026 26+097(8) 55+176(8) 212+1.04

70-75 22:035(8) 3.3x047(8) 1502032 3.0x1.14017) 7.2=1.1717) 2.40+099
75-80 25+0.14(2) 30+021(2) 1.20+0.11 39=x0.65(9) 8.7+x132(10) 2.23=-0.50
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Fig. 4.7. Strontium-90 and cesium-137 in Greenland surface sea water (Unit: By
m-3 +1S.E. (n)). All data are west of 0°, and salinities below 30%o are excluded.
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4.8. Radionuclides in Lichen Collected at a Norwegian
Location 1985-1988

Every summer since 1985 lichen samples (Cladonia stellaris) have been collec-
ted 30 km southeast of Alvdal at Belling (62°02°N, 10°48’E) in Norway. The
sampling site is an open plateau covered with a thick carpet of lichen. Table
4.8 shows the results. The ratios of other radionuclides relative to 137Cs were
all decay corrected to April 26, 1986, when the Chernobyl accident began. It
appears that 10Ru and 1mAg shows a shorter biological half-life in the lichen
carpet than 137Cs. It is also evident that the 137Cs levels in the lichen from this
location were vary variable. The effective half-life of 13’Cs in the lichen carpet
(Bq m~2) was 3 years. The effective half-life of the decay-corrected %6Ru/137Cs
was 2.5 years, and for 10mAg/37Cs we found 7.5 years.

Table 4.8. Radionuchdes in Norwegian lichen collected 1985-1988
at 62°02’N I0r48’E

Year Bq'97Cs Bq'3’Cs gK Bqg'3’Cs '34Cs 60Co 957r 103Ry T06Ry  '10mAg  "25Sh 141Ce
& kg-' m2 kg (kgKy' '3Cs 137Cs 137Cs 137Cs 137Cs 137Cs 137Cs "37Cs

date at 26 Apni 1986

20 Aug 1985 80 160 107 75 - - - - - . -

20 July 1986 5500 5200 - - 057 0.00028 0.073 028 0.077 00112 0.063

21 Aug 1987 1810 4400 0.60 3000 058 0.00152 - 0.069 0.0108 0054

24 Aug 1988 4000 2500 134 3000 059 0.00046 0055 0.0094

24 Aug 1988 5800 3200 1.31 4400 059 0.00035 - 0045A 0009 -

8 July 1986* 3600 3900 263 1370 058 000028 003 B 038 0100 0Cc101 0021

*Collected at Valdres Aila{~61°N, ~9°E)

4.9, Thule Sediments Collected in 1984

Tables 4.9.1-4.9.39 show the results of Pu, Am and !3’Cs determinations of
Thule sediments collected in August 1984. Some of the results have been
reported earlier (Risp-R-5284).

The collection of sediment samples always imply a risk of transferring
contaminated material to uncontaminated deeper sediment layers. In order to
overcome this, two box core samples were collected and horizontal samples
were taken after having carefully shaved the sides of the box sample. Table
4.2.39 shows analysis of two such "clean” samples. The layers sampled were
about 25 cm and we would expect them to be free of accident Pu. This was
apparently the case. The first sample was from location S4, 3.07 km from the
point of impact {cf. Table 4.2.8). The 23%:240Pu deposition at this station
(down to 15 cm) was 5400 Bq m-2 and already in the 12-15 ¢m depth the
accident Pu had disappeared. The 25-30 cm layer contained 0.0114 Bgq
239240Py kg~! and the mean level was significantly different from zero. This
concentration was 30 times lower than found in the 12-15 cm layer. The
241Am mean concentration in the 25-30 cm layer did not differ from zero
activity. We conclude that there probably was a little global fallout Pu present
in the 25-30 cm layer but r:o accident Pu.

The other sample was collected at the point of impact, where the total
deposit down to 15 cm has been measured to 102 000 Bq 239240Py m-2 (Table
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4.2.1). The mean 239.240Py concentration in the 22-25 cm layer was 0.026 Bq
kg -1, this level was not significantly different from zero. The 24Am mean
concentration was 0.0085, and this level was probably significantly greater
than zero activity. The ratio: 24/Am/23%:240Py suggests that, if any Pu was
present in this layer, it came from global fallout. Bioturbation had thus not
been able to transfer accident Pu down to 25 cm in 16 years.

Fig. 4.9. Sampling locations at Thule in August 1984.
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Table 4.9.1. Radionuclides in sediments collected with a 145 cm’ corer at Thule in
August 1984. Location V (1386) (cf. Fig. 4.2) 76°3I'3 N 69°17°4 W. Depth 185 m.

Drstance from point of impact: 0 km

Depth 239.240py 131Cs 4 Am  2B820p,;  24iAm 238py Total

incn Bgkg' Bgm2 Bgkg' Bgm2 Bqm 137Cs 239240py  239.240py g
03 470 5600 9.1 108 760 52 0.136 0.016 172
36 1280 25300 89 177 2200 144 0.087 0012 287
69 540 12700 9.2 215 1380 59 0.109 0.012 338
912 450 12300 81 223 1250 56 0.102 0.012 400

1215 1500 45600 54 164 3700 280 0.081 oon 442
pX 102000 887 9300

Table 4.9.2. Radionuclides in sediments collected with a 145 cm’ corer at Thule in

August 1984. Location S5 (1375) (cf. Fig. 4.2) 76°31’ N 69°17’ W. Depth 235 m.

Drstance from potnt of impact: 0.58 km

Depth 239.240py 137Cs 241Am  21240py = 1AM 238py Total

incm Bgkg'! Bgm2 Bgkg!'! Bgm2 Bgm3 137Cs 239.20py  239.240Py g
0-3 280 2900 126 130 240 22 0.083 0.010 150
36 200 3600 138 247 490 145 0135 0.016 260
69 60 1670 78 152 136 7.7 0.081 0014 281
9-12 196 400 28 58 49 7.0 0.123 - 295

12-15 40 900 1.12 25 210 36 023 0.016 325

15-18 85 159 - - 171 - 0.108 - 273
I 9600 612 1140

Table 4.9.3. Radionuclides in sediments collected with a 145 cm’ corer at Thule in

August 1984. Location Y (1382) (cf. Fig. 4.2) 76°31’ N 69°18°S W. Depth 200 m

Distance from point of impact: 0.73 km

Depth 239.240py 137Cs 241 Am 239.240p 24Am 238py Total

incm Bgkg'! Bgm2 Bgkg' Bgm-2 Bgm-2? 137Cs 23%.20py  239.240pPy g
03 67 430 9.7 62 46 6.9 0.1 0.016A 92
36 88 1590 12.6 226 182 7.0 0.1 0.015 261
69 24 530 6.0 132 65 40 0.12 0.011 320
9-12 36 72 30 62 11.0 1.2 0.15 005 B 296

1215 0.55 14 1.08 27 21 0.51 0.15 369

15-18 0.13 3.6 - 45A - 1.26A 404
I 2600 534 310
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Table 4.9.4. Radionuclides in sediments collected with ¢ 145 cm? corer at Thule in August 1984.
Locanon X (1378) (cf. Fig. 4.2) 76°31’ N 69°15° W. Depth 195 m. Distance from poini of impact: 0.98 km

Depth 239.240Pu 137C5 24) Am 239.240pu 241Am 238pu Total

incm Bgkg!' Bgm2 Bgkg' BgmZ Bgm-? 137Cs 239.240py  238.240py g
0-3 182 2090 6.2 7 260 29 0.12 0.015 166
3-6 370 6400 7.3 126 710 51 0.1 0.011 253
69 2800 66000 84 198 4800 330 0.073 0.008 343
312 530 13600 6.8 177 1490 78 0N 0.013 374

12-15 183 2200 6.9 83 280 27 013 0.012 175
Z 90000 655 7540

Table 4.9.5. Radionuclides in sediments collected with a 145 cm® corer at Thule in August 1984.

Location 1332 (between H and X) (cf. Fig. 4.2) 76°32” N 69°15° W. Depth 182 m. Distance from point of
impact: 1.66 km

Depth 239.240PU 137(:5 241 Am 239,240PU 241Am ZJSPU Tota!

in cm Bq kgf'l Bq m«2 Bq kg—‘ Bq m—z Bq m*2 137CS 239,240Pu 239,240pu g
0-3 129 1260 6.2 60 151 21 0.120 0.015 141
3-6 64C 13100 6.5 132 1590 98 0121 0.013 294
6-9 420 8100 79 162 1000 53 0.123 0.015 280
9-12 163 3300 9.3 188 320 17.5 0.097 0.014 295
1215 1260 35000 6.3 174 5100 200 0.146 0.017 400
2 61000 706 8200

Tadle 4.9.6.1. Radionuclides in sediments coflected with a 145 cm’ corer at Thule in August 1984.
Location K (1328) (cf. Fie. 4.2) 76°32’ N 69°20’ W. Depth 173 m. Distance from point of impact: 1.72 km

Depth 239,240py, 137Cg 21pm  239.240py  24TAm 238py Total

incm Bgkg! B8gm2 Bgkg! Bgqm? Bgm-2 137Cs 239240py  239.240py g
0-3 39 230 4. 24 29/27 95 0.120.117 0.016 84
36 121 280 29 66 155/35 42 0.55/0.125 - 332
695 25 560 5.1 114 220/55 49 0.40/0.098 0.010A 322
z 1060 203 400117

Table 4.9.¢ 2. Radionuclides in sediments coliected with a 145 cm® corer at Thule in August 1984.
Location K (1327) (cf. Fig. 4.2) 76°32’ N 69°20° W. Depth 173 m. Distance from point of impact: 1.72 km

incm Bqgkg' Bgm-2 Bgkg' Bgm-2 Bgm? 137Cs 239.240Py  239.240Py g
05 42 510 42 51 10.0 0.019A 177
36 54 1340 29 72 18.6 0.015B 363
89 74 1830 1.22 30 61 0.013B 3%
912 36 79 0.87 19 8.7 4.1 0.41 0.0278 320
z 3800 172
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Table 4.9.7. Radionuclides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location 1223 (S-E of S5) (cf. Fig. 4.2) 76°30°’ N 69°16’ W. Depth
186 m. Distance from point of impact: 2.48 km

Depth 239.240py 137Cg 241Am  239.240py 2 Am 238py Total

incm Bakg' Bgm2 Bgkg! Bqm?Z Bgm2 131Cs 239240py  239.240py g
0-3 46 480 71 13 73 6.5 0.152 0.018 150
3-6 16.1 320 3.7 75 40 4.4 0.125 0.023A 293
69 34 850 40 100 103 8.5 0.121 0.013A 364
9-12 26 660 6.0 1562 71 4.3 0.108 0.015 366

1215 75 2300 74 222 290 10.1 L.126 0.018 438
z 4600 622 580

Table 4.9.8. Radionuclides in sedimenis collected with a 145 cm? corer at Thule in

August 1984. Location S4 (1230) (cf. Fig. 4.2) 76°30° N 69°13’ W. Depth 245 m.

Distance from point of impact: 3.07 km

Depth 2$Z4OPU 137CS 241 Am 2$‘2~‘.0pu 241 Am 238Pu TO‘a‘

incm  Bgkg'! Bgm-2 Bgkg' Bgm2 Bgm-2 13Cs 239.240p,  239.240Py g
0-3 46 390 12.7 106 3.6 0.018 122
36 250 4800 185 350 620 135 0.129 0.015 275
69 8.5 157 83 153 24 1.02 0.153 0.016B 266
9-12 1.17 23 1.92 37 6.5 0.61 0.283 - 282

1215 035 65 1.03 19.3 - 0.34 - - 272
b) 5400 666

Table 4.9.9. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location S6 (1215) (cf. Fig. 4.2) 76°30’ N 69°22° W. Depth 250 .

Distance from point of impact: 3.12 km

Depth 239.240py 137Cs 241Am  239240py 2 Am 238py Total

incm Bqkg' Bqm?2 Bgkg' Bgm2 Bqm2  137Cs = 239240py  239.240Py g
0-3 64 640 111 111 86 5.8 0134 AR} 1) 146
36 83 1310 125 198 167 6.6 0.127 0.016 230
6-9 13.6 285 6.9 145 32 2.0 0.112 0.028 304
9-12 3.9 94 1.7 41 - 2.3 - 0.028 349

12-19 4.1 a0 <1 - - - 314

1518 7.9 98 0.75 9.3 12.3 10.5 0.126 0.022 180
b 2500 505 300
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Table 4.9.10. Radionu.ides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location H (1300) (¢f. Fig. 4.2) 76°33’ N 69°17” W. Depth 195 m.
Distance from point of impact: 3.15 km

Depth 239.240py 137Cs 23 Am 239,240py 241 Am 238py) Total
incm Bgkg' Bgm?2 Bgkg' Bgm2 Bgm2 137Cs 23%.240py  239.240Py g

0-3 140 1080 1.7 90 116 120 0.1 0.013 m
3-6 290 4800 114 185 540 25 omn 0.013 736
6-9 96 1840 8.7 166 250 1.0 014 0.015 277
912 65 1240 6.8 130 143 96 012 0.011A 278
1215 86 1840 5.6 119 250 154 0.14 0.017 310
1518 99 1240 39 48 153 25 012 0.015 181
z 12000 738 1450

Table 4.9.11. Radionuclides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location R (1240) (cf. Fig. 4.2) 76°31’ N 68°10° W. Depth 240 m.
Distance from point of impact: 3.24 km

Depth 239,240Pu 137Cs 24TAm 239‘240‘3“ 24]Am 238Pu Total

incm  Bgkg- Bgm-2 Bgkg' Bgm-2 Bgm- 137Cs 239.240py  23+.240Py g
03 49 570 13.0 149 62 38 0.108 0.012 166
36 113" 1890* 175 290 220 6.5 0.116 0.014* 241
69 20 380 19.2 360 a4 1.04 0.115 0.025 272
912 6.6 129 7.9 154 238 6.84 0.178 0.010 283

12-15 0.4 68 22 36 - 0.18 - - 242
b 3000 989 350

*Double determinations
5400*  90000* 5100* 0.008*

Table 4.9.12. Radionuclides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location L (1256) (cf. Fig. 4.2) 76°32° N 69°10° W', Depth 140 m.
Distance from point of impact: 3.45 km

Depth 239,240p, 137Cs WMAmM  239.240py  24TAm 238p, Total

incm  D2gkg' Bgm-2 Bgkg' Bgm2 Bgm-2 137Cs  239.240py 229.240p, g
0-3 56 880 50 80 90 1.2 0102 0.015 230
36 48 1070 5.9 130 114 8.1 0.107 0.008 320
6-9 126 280 4.2 94 42 3.0 0150 0.018 326
912 3.6 67 1.07 20 13.2A 34 0197A 0.022 269

12-15 0.41 6.8 - - - - 240
3 2300 324 260
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Table 4.9.13. Radionuclides in sediments collected with a 145 cm’ corer at Thule in
August 1984. Location P (1204) (cf. Fig. 4.2) 76°30° N 69°25” W. Depth 260 m.
Dnstance from point of impact: 4.07 km

Depth 239, 240Pu 137Cs 241Am 239.240Pu 241Am 238pu Total

incm Bgkg' Bgm2 Bgkg' Bgm-2 Bgm2 137Cs 239.240py  233.240py g
0-3 152 2100 10.1 137 220 15.1 0105 0.014 196
36 117 2300 14.0 280 290 8.4 0.126 0.015 287
69 17.5 360 10.0 210 59 1.75 0.164 0.015 299
912 5.1 112 38 82 178 1.34 0.159 0.067 316

1215 1.27 28 094 21 128 1.35 0.457 326
z 4900 730 600

Table 4.9.14. Radionuclides in sediments collected with g 145 cm’ corer at Thule in

August 1984. Locanon 1325 (cf. Fig. 4.2) 76°31’ N 69°27° W. Depth 150 m.

Drstance jrom point of impact: 4.18 km

Depth 239.24»0Pu 137(:5 241Am 239,240Pu 241Am 238Pu Total

incm  Bgkg'! Bgm2 Bgkg' Bgm2? Bgqm-2? 137Cs 233240py  239.240py g
0-3 24 380 4.0 63 37 6.0 0.097 0.023 230
3-6 54 1160 42 88 134 12.9 2116 0.017 308
6-9 30 900 44 128 90 6.8 0.099 n.012 428
9-12 24 68 411
s 2440 347 261

Table 4.9.15. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location 1347 (S-E of L) (cf. Fig. 4.2) 76°32’ N 69°08’ W. Depth

215 m. Distance from point of impact: 4.26 km

Depth 239.240p 131Cs 281am  239240p,  281Am 238py, Total

incm  Bgkg! Bgm2 Bgkg' Bgm2 Bgqm-2 137Cs 239.240py  239.240Py g
03 47 390 14.0 117 34 0.015 122
3-6 84 1330 16.0 260 5.3 0.015 231
6-9 18.2 300 136 230 1.34 0.016 241
9-12 1.65 29 5.2 96 75 0.30 0.26 - 271

12-15 2.23 3.7 - - - - 231

15-16 2.3 13 - 1.7 - 0.13 - 84
s 2070 700
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Table 4.9.16. Radionuchdes in sediments collected with a 145 cm’ corer at Thule in
August 1984. Location 1249 (cf. Fig. 4.2) 76°32° N 69°06 W. Depth 240 m.
Drstance from point of impaci: 5.09 km

Depth 239.240Pu '.37CS 28 Am 239.240py A1 Am 238py Total

incm Bqkg'! Bgm-Z Bqgkg' Bgqm2 Bgm-? 131Cs 38240py  239.240py g
03 112 1000 13.5 120 99 83 0.090 0012 130
36 570 9200 147 240 640 39 0.670 0.010 235
69 15.7 290 6.5 121 34 24 0.117 0.030 268
912 31 600 2.2 43 45 141 0.075 0.013 283

12-15 27 52 1.52 30 59 1.8 0.113 - 281

15-18 0.25 4 - - . - . - 219
b 11100 550 810

Table 4.9.17. Radionuclides in sediments collected with a 145 cm® corer at Thule in

August 1984. Location 1334 (c¢f- Fig. 4.2) 76°34’ N 69°13° W. Depth 200 m.

Drstance from point of impact: 5.35 km

Depth 239.240py, 137Cs 281 A 239.240py, 24i Ay 238py Total

incm Bgkg?' Bgm?2 Bgkg' Bgm2 BgmZ 137Cs 39.200py  233.240Py g
03 280 2400 13.1 113 310 214 013 0.017 125
36 250 3700 14.2 210 270 17.6 0.07 0.014 215
69 106 1850 14.0 240 200 7.6 0.1 0.014 253
912 240 4300 91 161 480 26 0.1 om3 255

12-15 65 1260 4.1 79 191 159 0.15 0.013 281

15-18 28 30 1.8 185 69A 1.56 0.23A 0.036 157

18-21 1.81 37 25 22 5.4 0.72 0.15 296
X 13600 845 1460

Table 4.9.18. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location S7 (1194) (cf. Fig. 4.2) 76°29° N 69°25’ W. Depth 280 m.

Distance from point of impaci: 5.38 km

Depth 239,240Pu 137CS 281 Am 239.240Pu 241Am 238Pu Total

incm Bq kg'l Bq m-2 Bq kg»-'l Bq m-2 Bq m-2 137Cs 239,240py 239.240py g
0-3 37 470 8.8 112 53 4.2 0113 0.019 185
3-6 66 1570 9.0 210 186 7.3 0118 0017 344
6-9 171 330 38 74 45 45 0.136 0.016 282
9-12 25 500 - - 111 - 0.222 0.016 292

12-15 1.28 24 - - - - - - 275
z 2900 400 400
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Table 4.9.19. Radionuclides in sediments collected with a 145 cm® corer at Thule i1
August 1984. Location I (1288) (cf. Fig. 4.2) 76°33’ N 69°07° W. Depth 160 m.
Dnstance from point of impact: 5.48 km

incm Bgkg' Bgqm? Bgkg' BgmZ Bgm-? 137Cs 239240py  239.240py g
03 55 550 103 103 64 53 0116 0.017 145
3-6 13.2 280 58 121 23 - 303
69 28 71 1.72 44 1.62 0.014 369
912 0.47 11.2 - 364
ot 910 270

Table 4.9.20. Radionuclides in sediments collected with a 145 cm’ corer at Thule in

August 1984. Location: south of ¥ (cf. Fig. 4.2) (1325). Position: 76°31’ N 69°27’

W. Depth 150 m. Distance from point of impact: 4.2 km

Depth 239.240py, 137Cs 241Am  239.240p;  281Am 238py, Total

incm Bq kg -1 Bq m—2 Bq kgl Bq m-2 Bq m -2 137C5 239,240PU 239,240Pu g
0-3 239 380 40 63 37 5.98 0.097 0.023 230
36 545 1160 4.2 88 134 12.98 0.116 0.017 308
69 304 300 44 128 90 6.9 0.099 0.012 428
912 24 68 - - 411
pX 2440 347 261

Table 4.9.21. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: north of S2 (cf. Fig. 4.2) (1345). Position: 76°32’ N 69°05°

W. Depth 220 m. Distance from point of impact: 5.5 km

Depth 239.240Pu 137CS 241Am 239‘240PU 241Am 238Pu To‘[al

incm  Bgkg' Bam? Bakg' Bgm? Bgm> W3Cs  239260py  239.240py g
0-3 60 370 13.4 82 37 45 0.101 0.014 89
3-6 61 880 15.8 225 104 39 0.119 0.015 207
6-9 56 940 17.2 285 118 33 0.126 0.014 241
9-12 40 660 13.4 220 79 3.0 0.120 0.015 239
12-15 41 82 49 96 13.4 0.84 0.163 0.028 286
15-18 1.69 33 1.0 20 7.7 1.69 0.23 - 288
18-20 3.7 40 3.3 35 59 112 0.148 155
z 3000 963 370
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Table 4.9.22. Radionuclides in sediments collected with a 145 cm’ corer at Thule in
August 1984. Location: ¥ (cf. Fig. 4.2) (1305). Position: 76°32’ N 69°30” W. Depth
100 m. Distance from point of impact: 5.6 km

Depth 239.240Pu TTICS 287 Am 239 240Py 24TAm 238Pu Total
incm  Bqgkg' Bgm-2 Bqkg! Bgm-Z Bgm< 137Cs 239.240py  239.240Py ]
0-3 129 300 45 105 32 2.87 0.107 0.011 336
3-6 248 800 36 115 68 6.89 0.085 0.026 468
6-9 34 124 15 56 14.6 2.27 0.118 0.041 523
p 1224 276 118
Table 4.9.23. Radionuclides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location: besween O & P (cf. Fig. 4.2) (1317). Position: 76°30° N
69°32’ W. Depth 176 m. Distance from point of impact: 6.8 km
Depth 239A240Pu 137CS 247Am 239‘240Pu 241 Am 238Pu Tola'
in cm Bq kg‘1 Bq m-2 Bq kg-—f Bq m—2 Bq m 2 737CS 739.240Pu 239‘240Pu g
0-3 32.0 105 8.8 29 10 3.64 0.090 0012 48
3-6 15.1 306 45 91 31 3.36 0.100 0013 295
69 43 144 13 44 18 3.30 0.126 0.027 487
9-12 - - 1.2 27 - - - 339
2 555 19 59
Table 4.9.24. Radionuclides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location: west of G (cf. Fig. 4.2) (1336). Position: 76°35’ N 69°10°
W. Depth 190 m. Distance from point of impact: 7.6 km
Depth 233,240py, 137Cs 28T Am 239.240Py 281 Am 238py Total
incm Bgkg?!' Bam? Bgkg'! Bgm2 Bgm- 137Cs 239.240py  239.240py g
0-3 116 900 11.9 92 87 9.7 0.097 0.015 112
36 114 2060 12.7 228 240 9.0 0.118 0.016 261
69 40 725 9.2 167 93 43 0129 0.017 264
912 25 475 58 1 50 43 0.106 0.014 274
1215 106 2100 3.8 73 260 28 0.122 0.018 285
15-18 10 210 2.7 56 26 37 0.123 0.012 299
p 6500 727 760
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Table 4.9.25. Radionuclides in sediments collected with a 145 cm? corer at Thule in
August 1984. Location: north of 89 (cf. Fig. 4.2) (1i83). Posttion: 76°29° N 69°32°

W. Depth 244 m. Distance from pomt of impact: 7.6 km

Depth 239.240py 131Cs 241pm  239.240py 28 Am 238py Total
ncm Bqkg'! Bgqm2 Bqkg' Bqm2 Bgqm2 13Cs 239.290py  233.240py a
0-3 36 670 94 177 3.86 0.015 275
3-6 51+7 121G=160 9.2 217 165 55 0.136 0.016 341
69 3.2 95 20 60 1.62 0.012 424
912 0.73 19 <1 <30 <0.73 0.043 384
z 1990 ~ 480

Table 4.9.26. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: south of S1 (cf. Fig. 4.2) (1271). Position: 76°33’ N 69°01°

W. Depth 227 m. Distance from point of impact: 7.8 km

Depth 239.240py 1HCs 281Am  239.240py 28 Am 238py Total

incm Bgkg! Bgm2 Bgkg' Bgm2 Bgm2 W3Cs 233.240Py  239.240Py g
0-3 58 460 142 112 44 4.1 0.095 0.015 115
3-6 51 890 17.3 298 M 29 0.124 0.013 251
69 38 700 20.6 381 81 1.85 0.115 0.018 268
9-12 19.8 350 15.7 274 35 1.26 0.101 0.012 253

1215 26 45 49 83 7.2 053 0.16 0.021 248
b3 2400 1148 280

Table 4.9.27. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: between G&S1 (cf. Fig. 4.2) (1340). Position: 76°34° N

69°02’ W. Depth 168 m. Distance from potni of impact: 8.3 km

Depth 239,240p, 137Cs 24TAm  239200Py  4TAm 238py Total
incm  Bgkg' Bgm2 Bgkg' Bgm2Z Bgm-2 13Cs 239.240py  239.240Py g

0-3 43 530 11.7 146 57 36 0.107 0.017 181
36 55 88 5.7 92 12 0.96 0.136 0.011 234
69 1.43 25 1.45 25 36 1.00 0.146 - 252
9-12 0.70 6 1.44 12 0.93 0.50 0.160 120

p 650 275 74
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Toble 4.9.28. Radionuclides in sediments collected with a 145 cm’ corer at Thule in
August 1984. Locaton: G {cf. Fig. 4.2) (1282). Position: 76°35’ N 69°05° W.
Depth 187 m. Drstance from pont of impact: 8.7 km

Depth 239.240p 137Cs 4IAm  239240py  28iAMm 238py Total

incm Bgkg' Bgm2 Bgqkg' Bgm2 Bgm2 137Cs 233.240py  233.240py g
03 42 450 13.1 139 51 32 0113 0.015 154
36 33 540 109 176 65 30 0.120 0.017 235
6-9 27 510 28 52 84 96 0.160 0.017 272
9-12 1.2 25 <09 <20 82 >1.3 0.33 - 303

1215 0.15 4 <09 <25 - >0.2 - - 396
pA 1530 <412 210

Table 4.9.29. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: S11 (cf. Fig. 4.2) (1181). Position: 76°28’ N 69°41’ W.

Depth 285 m. Distance from point of impact: 11.9 km

Depth 239.240py 137Cs 241Am  239.240py 241 Am 238py Total

inecm  Bgkg! Bgm2 Bqgkg' Bgm-2 Bgm2 137Cs 239.240py  239.240Py g
0-3 5.6 23 4.2 46 1.34 0.033 159
36 57 163 45 127 1.27 0.016 414
69 6.8 183 4.7 128 1.53 0.017 393
3 370 301

Table 4.9.30. Radionuclides in sediments collected with a 145 cm’ corer at Thule in

August 1984. Location: S12 (cf. Fig. 4.2) (1177). Position: 76°27° N 69°42° W.

Depth 285 m. Distance from point of impact: 13.3 km

Depth 239.240py 137Cs 24'Am  239240Py  241AmM 238py Totat

incm Bqgkg! Bgm-2 Bgkg' Bgm2 Bgm-2 37Cs 239.240py  239.240Py g
0-3 188 80 5.1 22 37 0.018 62
36 13.2 342 50 129 26 0.019 376
69 43 1540 52 182 84 0.011 513
3 1962 333

Table 4.9.31. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: S13 (cf. Fig. 4.2) (1170). Position: 76°26° N 69°43” W.

Depih 300 m. Distance from point of impact: 14.8 km

Depth 239.240p, 137Cs 281Am  239240p;  281Am 238py Total

ncm Bg kg1 Bq m-2 Bq kgf'l Bq m-2 Bq m-2 137Cs 239.240p, 239.240py g
0-3 204 180 52 46 3.9 0.019 128
36 4.3 149 38 131 1.13 0.030 504
6-9 40 82 4.2 86 0.95 0.025 296
z 411 263
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Table 4.9.32. Radionuclides in sediments collected with a 145 cm’ corer at Thule in
August 1984. Location D (cf. Fig. 4.2) (1402). Position: 76°39’ N 69°00° W. Depth
85 m. Distance from point of impact: 16.1 km

Depth 29.200py 137Cs 21pm  2920py  WAm 2%¥Py  Total

incm Bgkg' Bgm2 Bqkg'! Bgm2? Bgm? 137Cs  233.240py 29240py g
03 38 62 30 49 6.1 1.27 0.099 0.018 240
36 0.25 54 17 36 1.7B 0.15 0318 - 308
69 0.22 51 078B 16 - 0.3 - 330
912 0.14 125 098 27 - 0.15 - 455

12-15 0.36 1.7 108 32 18A 04 0.15A 467

15-18 0.091 38 uvdB 17 - 0.2 - 604
p 100 178 10

Tabie 4.9.33. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: S 14 (¢f. Fig. 4.2) (1169). Position: 76°25° N 69°43’ W.

Depth 250 m. Distance from point of impact: 16.1 km

Depth 239.240py 137Cs 81Am  239.240py 281Am 238py Totai

ncm Bq kg—1 Bq m 2 Bq kg~1 Bq m-2 Bq m-2 137CS 239.240pu 239.240py g
03 128 142 55 61 233 0.007 161
36 25 75 23 70 1.09 0.042 435
69 1.62 38 1.4 33 1.16 - 343
p 255 164

Table 4.9.34. Radionuclides in sediments collecicd with a 145 cm’ corer at Thule in

August 1984. Location: C (cf. Fig. 4.2) (1404). Position: 76°40’ N 69°30° W.

Depih 110 m. Distance from point of impact: 17.0 km

Oepth 239.240p, 137Cs 41Am  233.240py  281AmM 238pPy Total

incm Bq kg' Bq m-2 Bq kg—1 Bq m-2 Bq m-2 137Cs 239.240py 239.240pPy g
0-3 36 470 98 130 58 3.7 0.122 0.016 192
36 49 97 6.5 130 128 0.75 0.132 0.017 289
6-9 1.7 32 3.6 68 49 0.47 0.151 - 275
9-12 017 3 <0.9 <18 >0.2 292
z 600 <346 76

Tabie 4.9.35. Radionuclides in sediments collected with a 145 cm? corer at Thule in

August 1984. Location: 1411 (cf. Fig. 4.2). Position: 76°40° N 69°42° W. Depth

60 m. Distance from point of impact: 19.3 km

mem  Bgkg' Bgm2 Bgkg'! Bgm? Bgm-2 137Cs 239240Py  239.240Py g
0-3 0.70 6.1 2.1 18.0 1.7 0.33 0277 0.028 127

1.31 11.56 " 0.62 0.031 "
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Table 4.9.36. Radionuclides in sediments collected with a 145 cm’ corer at Thule in
August 1984. Locction: B (¢f Fig. 4.2) (1409). Position: 76°40° N 70°00° W,
Depth 100 m. Listance from point of impact: 24.4 km

Depth 239.240Pu T37CS 241Am 239.240Pu 247Am 238Pu Total
ncm Bq kg*? Bq m 2 Bq kgf ! Bq m2 Bq m 2 137(:5 239.240PU 239.240Pu g
0-3 0.71 133 4.1 76 - 0.17 0.020 2N
. 23 43 " " 82 0.56 0.191 0.025 "
36 35 183 7.3 38 - 0.48 0.020 76
Table 4.9.37. Radionuclides in sediments collected with a 145 cm? corer at Thule in
Sugust 1984. Location: 1407 (cf. Fig. 4.2). Position: 76°38’ N 70°17” W. Depth
120 m. Distance from pomt of impact: 28.5 km
Depth 239.290py 37Cs 241Am  232.240py 41Am 238Py Tota!
incm Bqgkg' Bgm2 Bgkg! Bgm2 Bgm22 13Cs 239240py  239.240Py g
0-3 0.97 7.2 1.78 13.2 017 055 0.168 0.023 108
+0.10 +0.7 =0.01 =0.012 =0.001
{ =1 S.E. of double determinations).
Tabie 4.9.38. Radionuclides in sediments collected with a 145 cm* corer at Thule in
August 1984. Location: SW Kap Atholl (cf. Fig. 4.2) (1412). Position: 76°10' N
70048’ W. Depth 625 m. Distance from point of impact: 55.9 km
Depth 239.240p 137Cs UIAMm  233.280py W' Am 238py Total
in cm Bq kg 1 Bq m~2 Bq kg 1 Bq m 2 Bq m2 137(:5 239,240PU 239,240PU g
0-3 1.24 103 6.3 52 0.20 120
36 0.50 59 4.2 49 012 170
69 0.1 2.9 2.9 39 0.07 199
9-12 017 25 14 21 012 214
1215 0.107 18 1.2 20 0.09 241
X 234 181
Table 4.9.39. Plutonium and americium in "clean” deep sedimerit samples collected
at Thule in August 1984
Location Depth Sediment layer Bg 239.240Py  Bg24'Am 241Am Station
N w m cm kg ' kg !  239.240py
76°30° 69°13° 245 25-30 0.0088 - S4
" " " i 0.0104 A 0.0020A 0.197A "
0.0110 -
0.0153 A 000878 057 B
x 0.0144** 0.0054
S.D.0.0028 0.0047
75°31 69°17° 185 22-25 0.0146 - \"
" " N " 0.0076 A 0.0064A 084 A "
0.036 0.0094 0.26
0.045 0.0097A 0.22
x 0.026 0.0085*
S.D.00176 0.0018
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