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nally technetium-99 data on seaweed and sea water samples col-
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ABBREVIATIONS AND UNITS

cal:
rad:
rem:

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

gray: the unit of absorbed dose = 1 J kg ' (= 100 rad)
sievert: the unit of dose equivalent = 1 J l:g.1 (= 00 rem)
becquerel: the unit of radioactivity = 1 s~ (= 27 pCi)

annual limit of intake (according to ICRP)

calorie = 4,186 J

0.01 Gy

0.01 Sv

curie: 3.7-10'0 Bq (= 2.22-1012 gpm)
exa: 1018
peta: 1015
tera: 102
giga: 10
mega: 10
kilo: 103
milli: 10°3
mikro: 10”6
nano: 1072

pico: 10712

femto: 10”13

atto: 10718

pro capite: per individual

TNT:

OR:

uR:

S.U,:
O.R,:
M.U,:

trinitrotoluol; 1 Mt TNT: nuclear explosives eguivalent
to 109 kg TNT.

per annum
observed ratio

concentration factor
micro-roentgen, 106 roentgen
pci 293r (g ca)”!

observed ra*io

pci 137cs (g k)1



V: vertebrae
me male
f: female

nSr: natural (stable) Sr

eqv. mg KCl: equivalents mg KCl: activity as from 1 mg KC1
(~ 0.88 dpm). 1 g K ~ 756 pCi ~ 28 Bq.

E(x-x;)2
S.D.: standard deviation: _TE:TT._

X(;"Xi)z
.E.3 tandard or:
S.E standard error T
U.C.L.: upper control level
L.C.L.: lower control level
A: one standard deviation due to counting

S.S.D.: sum of squares of deviation: z(i-xi)z

f: degrees of freedom

32: variance

v2: ratio between the variance in question and the
residual variance

P: probability fractile of the distribution in question

ns coefficient of variation, relative standard deviation

anova: analysis of variance

Counting errors: given as relative standard deviation:

no indication: < 20%

A; 20-33%

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

B.D.L.: below detection limit

In the significance test the following symbols were used:
* probably significant (P > 958%) '

*h o gignificant (P > 99%)

b A highly significant (P > 99,9%)



1. GENERAL INTRODUCTION

Since 1962 we have published separate annual reports for the
Environmental Radioactivity in the Faroes!) and in Greenland?).
The reports on and after 1983 are contained in the new series:
*"Environmental Radioactivity in the North Atlantic Region. The
Faroe Islands and Greenland included"4) of which the present
report is the third.

Chapter 2 in this report corresponds to the earlier report for
the Paroes 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, include sea water data from the Paroe 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. For the same
reason, it has been impossible to complete all analyses from the
Thule 1984 sampling, from which the first results were presented
in the 1°84 report. The missing Thule data will appear in the
1986 report.

As mentioned also in the Danish report3) our B-counters have
been recalibrated for 90Sr, and we have found that our 90sr
data for the years 1980-1984 have been a factor of 1.225 times
too high. This has been taken into account in the present re-
port, when 90sr data from these five years are used.



2. ENVIRONMENTAL RADIOACTIVITY IN THE FAROE ISLANDS
IN 1985

2.1. Introduction

2.1.1.

The fallout programme for the Faroes, which was initiated in
19621) in close co-operation with the National Health Service
and the chief physician of the Paroes, was continued in 1985,
Samples of human bone were obtained in 1985 from Dronning

Alexandrine's Hospital in Thorshavn.
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Fig- 2.1, The Faroe Islands.



2.1.2.

The present r_port will not repeat information concerning sample
collection and analysis already given in Rise Reports Nos. 64,
86, 108, 131, 155, 181, 202, 221, 246, 266, 292, 306, 324, 346,
361, 387, 404, 422, 448, 470, 488, 510 and 5281,4)

2.1.3.

The estimated mean diet of the Faroese as used in this report
is still based on the estimate given by the late Professor E.
Hoff-Joergensen, Ph.D., in 1962,

2.1.4,

The present investigation was carried out together with corre-
sponding examinations of fallout levels in Denmark and Green-
land, described in Rise Report No. 5403) and in Chapter 3 of
this report, respectively.

2.2, Results and discussion

2.2.1., Strontium-90 in Faroese precipitation
Table 2.1 shows the J° '
Hojvig (near Thorshavn) and Klaksvig in 1985. The amount of
fallout at Hejvig was a factor of 2 greater than that found at
Klaksvig, although the precipitation at Hejvig was only 40% of

Sr content in precipitation collecied at

that observed at Klaksvig.

The 9°Sr fallout in 1985 was approximately half of that in 1984.
In Denmark the 1985 levels were 0.8 times the 1984 levelsz).
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Table 2.2.7.). Strontium-90 in precipitation in the Faroes in 1985

(sampling area = 0.02 -2)

HOjvig Klaksvig
Bq w3 Bg n2 Bq =3 Bq =2
Jan-April 1.73 A 0.27 A 0.1 B 0.22 B
May-June 0.31 B 0.02 B 1.21 B 0.23 8
July-Aug 1,27 B 0.22 B 0,40 B 0,is B
Sept-Dec 1.27 A 0.47 A 8.D.L. B.D.L.
19985 1.36 £ 0.98 0.30 £ 0.59
Iy 0.767 Iy 1.961

Klaksvig

11ttt

| 1

1

|

50

| U 0

60 65 70

YEAR

75

80

85

Fig. 2.2.1. Accumulated 908r at Klaksvig and Hgjvig calculated from

precipitation measurements since 1962. The accumulated fallout by 1962

3)

was estimated from the Danish fallout data (cf. Risg Report No. 52777,
Appendix D) and from the ratio between the 908: fallout at the Faroese

stations and the fallout in Denmark in the period 1962-1985 (cf.

Table 2.2.1.2).



Table 2.2.1,2. zllout rates and accumulated fallout (Bg 905,
®"2) in the Faroes 1950-1985
Hojvig Klaksvig
4 Ri29) 4 (29

1950 1.08 1,06 2.15 2.0
1951 5.21 6.12 10.34 12.14
1952 10.21 15.94 20.27 31.64
1953 25.78 40.74 51,18 80.87
1954 98,02 135,48 194.58 268,94
1955 128,96 258.20 256.00 512,54
1956 159.90 408,22 nz.ya 810,34
1957 159,90 554.70 7.0 1101.12
1958 221,82 758.18 440.34 1505.0%
1959 314.64 1047.48 624.58 2079.33
1960 58,78 1080.14 116.6) 2144.16
1961 76,36 1129.19 151.59 2241.52
1962 383.01 1476.48 760.31 2930.93
1963 913.00 2333.05 1503.00 4329. 21
1964 544.00 2809.10 1363.00 5857.77
1965 181.00 2919.48 436.00 5852.21
1966 112.00 2959.88 289,00 5996.17
1967 94.70 2982.44 182.00 6032,25
19€8 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 24,20 2857.73 26,50 5683.95
1974 33,80 2823.23 58.80 5607.12
1975 34.40 2790.14 47.80 5521,36
1976 8,088 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 13.)0 2618.45 22.20 5136.64
1980 9.55 2565.91 10.29 5025.36
1981 18.37 2523 .26 21.80 4927,96
1982 6.3 24679.84 3N 4815,38
1983 2.75 2414.20 2.24 4703,.84
1984 5.53 2362,58 0.87 4593.60
1985 0.90 2307.74 0.59 4485,68

1950- 1961: are estimated values based upon HASL data (HASL
Apper.ixn 291, 1975) considering that the wean ratio between
9°8r fsllout in Denmark and New York was 0,7 in the period
1962-1974 and that the mean ratios between 905: fallout 1in

HOjvig and Denmark and between Klaksvig and Denmark are 1,39
and 2,76, raspectively>),
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2.2.2. Strontium-90 and Cesium-137 in Faroese grass

Grass samples were collected near Thorshavn in 1985. Table 2.2.2
shows the results. The 1985 137Cs mean level in grass was 0.75
times the 1984 level. As compared with Danish grass in 19853)
we found the 29sr level (Bq (kg Ca)“) in the Faroese grass to
be higher by a factor of approximately 11.7 in the summer

months, which is in agreement with the observations in previous
years.

Table 2.2.2. Strontium-90 and Cesium-137 in grass from Thorshavn 1985

Month Bg 995r kg~! dry Bq 3% (xg ca)”! Bq 137¢q kg~! dry Bg 137cq (kg k)~!
June 7.4* 1650 22 810
August 35* 7700 91 4000

-

*Calculated values assuming 1 kg dry grass contains 4.5 g Cas).

2,2.3., Strontium-90 and Cesium-137 in Faroese milk

As previously1), weekly samples of fresh milk were obtained
from Thorshavn, Klaksvig, and Tvard. Strontium-90 and '37Cs
were determined in bulked monthly samples.

Tables 2.2.3.1 and 2.2.3.2 show the results and Tables 2.2.3.3,
2.2.3.4 and 2.2.3.5 the analysis of variance of the Bqg 90g,
(kg Ca)-1. Bq 1370y (kg K)"1
ively. As also observed earlier, the variation between locations
was significant for 137Cs and probably also for 905y, The high-
est levels were found in the milk from Tvard and Klaksvig, and

, and Bg 137cg w3 figures, respect~-

the lowest in Thorshavn milk.

FPigure 2.2.3.1 shows the quarterly Bq 90g, (kg (Z‘al)'1 values and
Fig. 2.2.3.2 the quarterly Bg 13705 "3 1evels since 1962. The
ar.nual mean values for 1985 were 90 Bq 905, (kg ca)~! (2.4 s.u.)
and 2400 Bg '37ce =3 (65 pci '37cs 17'), i.e. the 0sr levels
in 1985 were 69% of the 1984 concentration, while the 137Cs
levels were approximately 59% of the 1984 mean levels. In Danish
milk the 903r concentration in 1985 was nearly 91% of the 1984
level, and the 137cg 1985 level was also nearly 90%.
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The annual mean values of the ratio: Bq ‘37Cs (kg K)"‘/Bq 908:

(kg Ca)-1 in Paroese milk are shown in Fig. 2.2.3.3. The an-
nual mean ratio in 1985 for the thr:e locations was 15.6.

Figure 2.2.3.4 shows a comparison between the 90gy ana 137cs
levels in Faroese- and Danish-produced milk. It is evident that
indirect contamination plays an important role for the 137Cs
1=vels in the Faroes, because the ratio between 137cs in Paroese
and Danish milk increases when the fallout rate decreases. The
ratios between the 908: levels in Faroese and Danisk milk have

shown a slight tendency to decrease through the years.

Table 2.2.3.1. Strontium-90 in milk from the Faroes
in 1985 (Bq 29sr (kg ca)”')

Thorshavn Klaksvig Tvard Mean
Jan 78 160 91 110
Peb 81 89:0 101 90
March 70 108 25 91
April 70 98 126 98
May 75 95 89 86
June 74 56 10523 78
July 6512 101 153 106
Aug 68 80 106 85
Sept 75 76 154 102
Oct (70) 73 98 80
Nov v6 82 85 78
Dec 67 66 92 75
Mean 72 90 108 90

The error term is 1 S,E. of determinations. Figure in
bracket was estimated from neighbouring values,




Table 2.2.3.2.

Cesium=-137 in milk from the Faroes in 1985

Thorshavn Klaksvig Tvard Mean

Month  Bg '37cs Ba '37cg  Ba !37cs Bq 3¢ 8q '37cs Bg '37cq  Bg !'37cs Bg 137c

m (kg K) m (kg K) m (kg K) m (kg K)
Jan 1210 840 5600 3300 3000 1770 3300 1970
Feb 1440 960 2800 1590 2800 1730 2300 1430
March 1130 760 4200 2200 3100 1940 2800 1630
April 1150 720 3100 1680 - 2900 1900 2400 1430
May 1150 780 2290 1200 2800 1710 2100 1230
June 1270 800 2000 1080 2800 1860 2000 1250
July 1550 900 1750 1130 4700 2900 2700 1640
Aug 1790 1270 1750 970 5000 3200 2800 1810
Sept 1650 1140 1920 1110 4900 3000 2800 1750
Oct 1280 780 1730 1110 3300 1810 2100 1230
Nov 580 360 1770 990 2800 1690 1720 1010
Dec 870 580 1580 900 2300 1450 1580 980
Mean 1260 820 2500 1440 3400 2100 2400 1450

-'1-
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Table 2.2.3.3. Analysis of variance of ln Bq 905r

Faroese milk in 1985 (from Table 2.2.3.1)

(kg ca)~! in

Variation SSD f 52 v2 P
Between months 0.397 11 0.036 0.838 -
Between locations 1,083 2 0.541 12.574 > 99.9%
Month x loc. 0.904 21 0.043 29,085 > 95%
Remainder 0.003 2 0.001

Table 2.2.3.4. Analysis of variance of 1ln Bg 137cg (kg l()'1 in
Paroese milk in 1985 (from Table 2.2,.3.2)

Variation SSD £ s2 ve P
Between months 1.519 1 0.138 1.523 -
Between locations 5.584 2 2.792 30.806 > 99,95%
Remainder 1.994 22 0.091

Table 2.2.3.5. Apalysis of variance of 1ln Bq 137¢cq
milk in 1985 (from Table 2.2.3.2)

3

m > in Paroese

Variation SSD f 52 v2 P
Between months 1.376 11 0.125 1.314 -
Between locations 6.631 2 3,315 34.820 > 99,95%

Remainder 2,095 22 0.095
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Fige 2.2.3.4. A comparison between Faroese and Danish milk
levels, 1962-1935.
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2.2.4. Strontium-90 and Cesium-137 in Faroese terrestrial

animals
The mean concentration in lamb meat was 22.5 Bq 137Cs kg'1 in
1985. The 99Sr mean level in bone was 1300 Bg 29sr (kg ca)”!

and in meat we found 0.093 Bq 90Sr kg". As it appears from

Pigs. 2.2.4.1 and 2.2.4.2 the 1985 conceitrations followed the

decreasing trend seen in the previous years.

A sample of puffins contained 0.21 Bq 137¢cg kg"1 meat. Stron-

tium-90 was below the detection limit.

Table 2.2.4. Strontium-90 and Cesium-137 in lamb collected in the Faroes in November 1985

Location Sample type Bg 29S¢ kg eq 2% (x9 ca)”' Bq "¥"cs k97! Bq "7cs (kg x)!

Thorshavn  Meat 0.220 940 (1000) 7.0 1640
Tvarh Meat 0.059 970 (1570) 23,0 8100
-" - Reat 0.058 800 (1870) 29,1 8300
Rlaksvig Meat 0.033 610 ( 740) .o 8000

Bone levels are shown in brackets,

vy r vViyri1ri7a Y IV rr 77V r T r T TrToaY 1%0
o©° .
0~ O 4 800
T o) 3 -
8§ o 500 S
£ 2x10% |- o 2
o © o - .
Y © 5,00 o &
* -8 O O - 1000 -
4 0 .4
1X1OL (0} o O 7
Oo o 080 < 200
o (o] o
%0 8305 © 8-
L1 1 11 IOQJ A1 1 L1141 LB 10 i 161 Le 0
€5 70 75 80 85

YEAR

Fig. 2.2.4.1. Stront.um-90 (Bq (kg Ca)-1)) in lLamb bone collected
in the Paroes, 1962-1985,
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Fig. 2.2.4.2. Cesium-137 (Bq (g X)~') in lamb meat collected
in the Paroes, 1962-1985.

2.2.5. Strontium~-90 and Cesium-137 in Paroese sea animals
Table 2.2.5.1 shows the 137Cs levels in fish collected in 1985
in the Faroes. The mean levels in Gadus aeglefinus and Gadus

callarias were 0.29 Bq 137¢cg kg'1 and 0.008 Bg 0g, kg".

Whale meat from August 1985 contained €.046 (B) Bg 29sr kg™’

and 0.24 (A) Bq '37cs kg~' (101 (A) Ba '3cs (kg K)7V).

Table 2.2.5.1. Strontium-90 and Cesium-137 in fish flesh from the Paroes in 198%

sampling Species Sample type Bg 90g, kq" Bq 90g, (kg ca)”! 8g 1374 l:q" B8g 137¢c, (kg -
sonth

Rarch Gadus callarias Cod flesh 0.005 B 68 B 0.30 72

June - - - " - 0,28 67

Sept - " - - " 0.005 8 9 8 0.29 73

Dge -" - - - 0.2% 63

June Gadus aeglefinus Haeddock f{leah 0.40 a7

Sept - . - " - 0.093 8 210 8 0.2 4%

Dec -" . -~ - 0.32 79
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2.2.6. Strontium—-90 and Tritium in Paroese drinking water

Drinking-water samples were collected as previously but the
samples were combined before the analysis as shown in Table
2.2.6.1. As in previous years, drinking water from Thorshavn
contained more 908: than that from Klaksvig and Tvard (cf. the
explanation in Rise Report No. 1811). The mean level in 1985
vas 2.5 Bq 9%r =3 (0.068 pci 17'), i.e. lower than in 1985,

Pigure 2.2.6.1 shows the annual mean levels of 9°St in drinking

water from the three locations since 1962,

Table 2.2.6.1. Strontium-90 in drinking water
from the Faroes in 1985 (Unit: Bg n3)

Month Thorshavn Klaksvig Tvard
Jan-June 4.4 0.74 3.2
1985 4.1 0.97 2.5

Table 2.2.6.2. Tritium in drinking water
from the FParoes in 1985 (Unit: kBq m~3)

Month Thorshavn Klaksvig Tvard
Rarch B.D.L. B.D.L. B.D.L.
June 1.320.1 8.D.L. B.D.L.
July 1.5%0.2
Sept B.D.L. B.D.L.
Dec B.D.L. 8.D.L. B.D.L.

The error term is 1 S.E. of the mean of double
determinations,
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Fig. 2.2,6.1. Strontium=-90 in drinking water from the Paroes, 1962-1985.

2.2.7. Strontium-90 and Cesium-137 in miscellaneous Faroese

8 les

2.2.7.1. Paroese soil

No samples in 1985.

2.2.7.2. Faroese sSea water
Cf. Pig. 2.2.7.1 and Table 2.2.7.1.

The mean concentrations in Faroese surface sea water in 1985
decreased compared to those observed in 1984, Cesium-137 went
from 3.74 Bq a2 to 2.68 and 20Ssr from 2.08 to 1.87 Bq m 3.

2,2,7.3. Faroese sea plants
Table 2.2.,7.3. shows the 908: and 137Cs contents in Laminaria
and Alaria esculenta in 1985,
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Pig. 2.2.7.2. Strontium-90 and Cesium-137 in Faroese sea water 1962-1985.

Table 2'2.7.2.

Strontium=-90 and Cesium=-137 in Faroese

sea water colliected at Thorshavn in 1985 (Bg m'3)
Sampling 905: 137Cs Salinity
month o/o0
June 1,94 2,38 35.4
August 1.79 2,97 35.3
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Pig. 2.2.7.3. Strontium-90 (Bg (kg Ca)‘1) in sea plants collected
at Thorshavn, 1962-1985,

Table 2.2.7.3.

Radionuclides in Faroese seaweed collected in 1985

Species Date Bq 905, kg" Bqg 905, Bg 137¢q kg" Bg 137¢cq
dry (kg ca)”! dry (kg K)~!

Laminaria April 0.49 34 0.78 A 10.9 A

-" - Sept 0.25 A 20 A 0,64 13.8

Alaria esculenta April 0.40 32 0.2 B 4.6 B
-" - April - - 0.24 B 4.2 B

-7 - Sept 0.52 39 0.34 A 7.6 A
- Sept 0.48 3N 0.29 B 7.2 B
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2.2.7.4. Faroese vegetables

Three samples of potatoes were analysed in 1985. The mean con-
tent was 0.164 Bg 29sr xg~! (4500 Bq 2%r (kg ca}”') and 2.8
Bq '37cs kg~! (800 Bq '37cs (kg K)° V).

T-ble 2,2.7.4, Radionuclides in Faroese potatoes collected in December 1985

Location Bq 9% kg~! Bq 9%r (kg ca)~!' Bq '¥7cs kg7!' Bq '3cs (kg K)~!
Thorshavn 0.065 2500 2.1 590
Klaksvig 0.33 8700 2.3 640
Tvarl 0.096 2200 4.1 1170
L L L L L L L L L L B ) 1500
50
L0 |- T
'l - 1000 o
2 o P
w 30 000 O
© 2
& o)
20 | o O
10 - O O 0O o 6
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Pigs 242+7.4.1. Cesium-137 in Faroese potatoes, 71962-198>.
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Pig. 2.2.7.4.2. Strontium-90 in Faroese potatoes, 1962-1985.

2.,2.7.5. Faroese bread
Rye bread and white bread were collected at Thorshavn in June.
The levels in white bread were 0.068 Bg 903 ! and 0.025 Bg

3r kg~
137Cs kg". The rye bread collected in 1985 contained 0.21 Bg
905, xg~! and 0.09 Bq '37cs kg~!
than those in 1984.

. The bread levels were lower

the '37cs ana Vsr (kg") levels in Faroese rye bread in 1985

were somewhat lower than the corresponding Danish3).

Table 2.2.7.5. Strontium=-90 and Cesium-137 in Faroese bread in June 1985

sort Bq 90g, kg" Bg 90g . (kg Ca)" 8q 137¢4 kg" Bq 137cq (kg K)~!
White bread 0,068 35 0,025 B 20 B
Rye bread 0.21 86 0.091 A 42 A
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2.2.7.6. Faroese eqgs

Eggs were collected from Thorshavn in June 1985. The levels of
hens eggs were 0.023 Bg ®%r xg~! (39 Bq (kg Ca)~'! and 0.061
Bq '37cs xg~! (45 Bq "37cs (xg K)7V).

2.2.8. Humans from the Faroes

2.2.8.1. Strontium-90 in human bone
In 1985 one human bone samples were obtained from Dronning

Alexandrine's Hospital in Thorshavn., Table 2.2.8.1 shows the
result.

Table 2.2.8.1. Strontium-90 in human bone collected in the Faroes
in 1985

Age Bone type Sex Bg 90g, (kg ca)”!

82 years PFemur Amputation M 26

2.3. Estimate of the mean contents of 9°Sr and 137Cs in the

Paroese human diet in 1985

2,3.1. Annual quantities

The annual quantities are still based on the estimate made by
the late Professor E. Hoff-Jergensen, Ph.D., in 19621) assuming
a daily pro capite intake of approximately 3000 calories (12.6
MJ).

2,3.2. Milk and cream

75% of the milk consumed in the Faroes is assumed to be of
local origin, and 25% comes from Denmark. Hence the 905r con-
tent in milk consumed in the Faroes in 1985 was 1.2x(0.75°0,090
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Sr kg“, and the

90 13

3
Cs content was
(cf. 2.2.3 and Ref.

+ 0.25x0.060) = 0.J99 Bq
0.75x2.4 + 0.25x0.076 = 1.82 Bqg
3). 1 kg milk containr 1,2 g Ca.

2.3.3. Cheese

Nearly all cheese consumed in the Faroes is of Danish origin,
and the Danish figures from ref. 3 were used: 0.51 Bqg 90g, kg'1
and 0.055 Bq '37cs kg~!.

2.3.4. Grain products
As most grain products are imported from Denmark, the Danish

figures for 19853) were used in the calculation of the Faroese
levels. The mean daily consumption of grain products in the
Paroes is, as in Denmark, 80 g rye flour, 120 g wheat flour,
and 20 g grits. Hence the mean concentration of 305, in grain
products consumed in the F.roes in 1985 is 0.173 Bq 30g, kg~!

and 0.078 Bqg 137cg kg-1.

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. 0.164 Bg 9OSr

kg~! and 2.8 Bq '37cs kg~ '.

2,3.6. Other vegetables and fruit
As the amount of vegetables and fruit grown in the Paroes is

limited, the Danish figures from 19853) were used. Thus the
mean contents in vegetables other than potatoes were 0.24 Bg
905, kg'1 and 0.052 Bg 137¢4 kg", and the mean contents in

fruit were 0.062 Bg g, kg"1 and 0,016 Bq 137¢4 kg".

2.3.7, Meat and eggs
Meat and eqg 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.
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For lamb we use the mean of the samples obtained in 1985, i.e.
0.093 Bq 90g, kg~! and 22.5 Bq 137¢cs kg~). whale meat contained
0.046 Bg 295r kg~! and 0.24 Bg '37Cs kg~!, sea birds contained
0.21 Bq '37cs kg™, and eggs (cf. 2.2.4 and 2.2.7.6): 0.023 Bq
905, xg~! and 0.061 Bq '37cs kg~!
content of sy in meat and eags consumed in 1985 to be

*4 _ 90 -1
0.50+0.093+0.25+0.046 + 0.25.(2+903230.021) _ ¢ 061 Bq %1 kg

(*last year's figure for sea birds)

. Hence we estimate the mean

137

and the Cs content to be

0.21+0,061 137

0.50+22.5 + 0.25+0.24 + 0.25.(2+£39:001) - 1 34 Bq !

Cs kg .

2.3.8. FPish
All fish consumed in the PFaroes is of local origin, and the

mean ~ontents in fish, obtained from subsection 2,2.5, were
6.008 Bg 2%sr kg~! and 0.29 Bq '37cs kq~'.

2.3.9. Coffee and tea

The Danish figures for 19853) were used, i.e. 1.00 Bq 29sr kg~

and 1.53 Bq 137¢g kg".

1

2,3.10. Drinking water

The mean value found in Table 2.2.6,.,1 was used, i.e. 0.0025 Bq
0gr kg~!. The 137
one fourth (the ratio found in New York tap water in 19644)) of
the 29sr content i.e. 0.0006 Bq 137cg kg~ .

Cs content was estimated to be approximately

Tables 2.3.1 and 2.3.2 show the diet estimates of 905: and
137Cs, respectively,
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Table 2.3.1. Estimate of the mean content of 905: in the human
diet in the Faroe Islands in 1985

Type of food Annugl Bq 905: Togal Petcentaggoof
quantity per kg Bg Sr total Bq “"Sr
in kg in food
Milk and cream 146 0.099 14,45 22.4
Cheese 7.3 0.51 3.72 5.8
Grain products 80 0.173 13.84 21.5
Potatoes 91 0.164 14,92 23.1
Vegetables 20 0.24 4.80 7.5
Pruit 18 0.062 1.12 1.7
Meat and eggs 37 0.061 2,26 3.5
Pish 91 0.008 0.73 1.1
Coffee and tea 7.3 1.00 7.30 11.3
Drinking water 548 0.0025 1.37 2.1
Total 64,51

The mean annual calcium intake is estimated to be 0.6 kg
(approx. 200-250 g of creta praeparata). Hence the ratio:

Bg 905, (kg ca)”! in total Paroese diet was 108 (2.9 pCi

905, (g cay”').

3x103 i 4 80
Tt {60 %
8 2x103 : _ 8
2 R 2
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Pig. 2.3.1. Strontium-90 in Faroese diet, 1962-1985,
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¢ 137

Table 2.3.2. Estimate of the mean content o Cs 1n the human

diet in the Faroe Islands in 1985

Type of food Annual Bq 13.’Cs To;,’ Percentag$39t

quantity per kg Bg Cs total Bg Cs
in kg in food

Milk and cream 146 1.82 265.7 27.0

Cheese 7.3 0.055 0.4 0

Grain products 80 0.078 6.2 0.6

Potatoes 91 2.8 254.8 25.9

Vegetables 20 0.052 1.0 0.1

Pruit 18 0.016 0.3 0

Meac and eqqgs 37 11.34 419.6 42.6

Fish 9 0.29 26.4 2.7

Coffee and tea 7.3 1.53 11.2 1.1

Drinking water 548 0.0006 0.3 0

Total 985.9

The mean annual intake of potassium is estimated to be approx.

1.2 kg. Hence the ratio: Bq '3'Cs (kg K)~! becomes 820 (22 pCi
3cs (g )7,
S0
' “
N
) )
© ©
4 .
o
5 5
u L4
® a
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'iio 2.3.2. CClil.--137 in Faroese di.t, 1962-1985.
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2.3.11. Discussion
FPigures 2.3.1 and 2.3.2 show the Faroese diet levels since
1962,

The 1985 90Sr level in the total Faroese diet was 71% of the

137

1984 concentration, and the Cs level was 63% of that observed

in 1984.

905: content in the Faroese diet

The main contributors to the
were milk products, cereals and potato-s, which together ac-
counted for approximately 73% of the total 9oSr content in the
diet in 1985. As regards 137
meat (lamb) were the most important contributors. In 1985, 96%

of the total 137Cs content in the diet originated from these

Cs, potatoes, milk products and

products.

The Faroese mean diet contained 1.17 times as much 99sr and ap-
proximately 12 times as much 137cs as the Danish diet in 19853),

1) mentioned, the year-to-year variations in the

As earlier
137Cs estimates for Faroese diet are markedly influenced by the

mutton and potato samples obtained for analysis.

2.4, Conclusion

2.4,1.,

The 908: fallout rate in the Faroes in 1985 was approximately
0.8 Bg r m™? (0.02 nci km~2). The accumulated fallout by the
end of 1985 was estimated at approximately 3400 Bg 9oSr m'z (92
mCi km'z) (the mean at Thorshavn and Klaksvig).

2.4,2,

The mean level of 9°Sr in Paroese milk was 90 Bg (kg Ca)"1 (2.4
pPCi (g Ca)~'). The 137cs concentration was 2400 Bg 137cg m-3
(65 pci 171).
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Lamb contained 22.5 Bq '37Cs kg~! (610 pCi kg ') in 1985. Fish
showed a mean level of 0.29 Bg 13-’Cs kg" (7.8 pCi kg").

905, 3

The mean content of in drinking water was 2.5 Bq m

(0.07 pci 171).

The mean daily pro capite intakes resulting from the Faroese
diet in 1985 were estimated at 0.18 Bg 905r (4.8 pCi d-I) and
2.7 Bq 37cs (73 pci a7 ).

2.4.3.

The mean content of 137Cs in the Faroese adult was estimated at
approximately 2300 Bq '37cs (kg K)~' (63 pci (g K)~'). This
estimate is based on the diet estimate.
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Predictions and observations of 9°St and '37Cs in Paroese

samples in 1985

The models used for the predictions shown in Table 2A vere based

on data collected 1962-1976>), If the predictions for previous
years 1977-1982') were considered too, we conclude that the
model for 95, in milk overestimates the level and so do the
model for 137Cs in milk from Tvard. The following models under-

estimate the concentrations: 905: in cod fish a Cs in milk

from Klaksvig.

nd 137

Table ZA. Comparison between observed and predicted ”Sr and '”Cs concentrations 1a Faroese samgles
collected 1n 1985

Sample Unit Observed Sumber Predicted Obs./pre. Rodel 1n ref. $
21 S.E. of 1t S.E.
semples

Drinking vater, Thorshavn Bg ?0s¢ w2 4.1 10.3 2 14.4 0.28:0.02 C.1.4.1 Wo. 9
- , Elaksvig _ 0.97 :0.23 2 1.6 0.6120.14 - * - mo. 10
.- , Tverd - 2.5 0.7 2 3.1 0.8120.2) - " - me. 1
Ses vater - 1.87 0.8¢ 2 2.0 0.9410.04 C.1.5.1 Wo. 3
Grass % %95c (ng car=! 4700 300 2 as00 8.9610.61 C.2.4.1 Wo. 4
-.- by 7cs (ke 1" 2400 11600 2 310 7.7425.16 C.2.4.2 Bo. 3
Potatoes 8q 93¢ g’ 0.6 10.08 3 0.27 9.7610.38 C.2.5.) Wo. 11
- .- 5 s ng”! 2.8 0.6 3 6.3  0.44:0.09 C.2.5.3 Mo. &
milk 8q sc (kg ca)”' %0 3.4 2 2% 0.3120.01 C.3.3.1 Wo. 1
nilk Thorshavn g cs n? 1260 196 1 1250 1.0120.08 C.3.3.2 Wo. 7
Wilk Kleksvig - 2500 1360 12 1580 1.5020.22 - " - Wo. 9
malx Tverd ... 3400 2270 2 %00 0.4910.04 - = - ®o. 1V
Cod tish ag %sc (kg ca)”! 112 249 3 21 $.33£2.33 C.3.5.1 Wo. 3
-"- 3g '37cs xo™! 0.29 20.02 7 0.19  1,5310.11 C.3.5.2 Wo. 2
Lasb meat 8q %95c (kg ca)~! 830 :82 s 1160 ©.7220.07 C.3.4.1 Wo. 5
- oq s ixg K)7' 6500 1620 4 2000 2.1710.5%4 C.3.4.2 Bo. S
Lamb bone 8q ?s¢c (kg ca)”' 1300 1260 s 2000 0.6520.13 C.3.4.3 Mo, |
Whale aq 298 k9! 0.046 1 0.01) 3,54 C.3.6.1 Mo, 3
- 8q Ycs ng™! 0.24 1 0.39 0.62 C.3.6.2 Wo. 2
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3. ENVIRONMENTAL RADIOACTIVITY IN GREENLAND IN 1985

3.1. Introduction

3.1.1.
In 1985 the sampling programme was similar to that used in pre-
vious years but for a few minor modifications.

3.1.2.

As hitherto, samples were collected through the local district
physicians and the head of the telestations. Bowever, we have
also obtained samples collected by the Greenland Fisheries and
Environmental Research Institute. A number of the Greenland
food samples were obtained from K.G.H. (The Royal Greenland
Trade Company).

3.1.3.
The estimated mean diet in Grenland was the same as that in
1962, i.e., it agreed with the estimate given by the late Pro-

fessor E. Hoff-Jergensen, Ph.D.

3.1.4.

The environmental studies in Greenland were carried out together
with corresponding investigations in Denmark (cf. Ris@® Report
No. 5403)) and in the FParoes (cf. Chapter 2 in this report).

3.1.5.
The present report does not repeat information concerning sample
collection and analysis already given in ref. 2,
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Fig. 3.1. Greenland

3.2. Results and discussion

3.2.1, Strontium-90 in Gteenland:gtecig}tation
Table 3.2.1.1 shows the results of the measurements.

The 908: fallout in 1985 at the Greenland stations were general-
ly lower as compared with 1984, In Denmatk3) and the Faroes
(cf. 2.2.1) the fallout in 1985 was approximately 80% and 50%
respectively of that in 1984.

Pigure 3.2.1 shows the accumulated 90g, at the various stations
in Greenland, since measurements began in 1962,



Table 3.2.1.1,
area: 0.02 a%)
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Strontium-90 1n precipitation :1n Greenland 1n 1985. (Sampling

Locatvion Unit Jan-March April-June July-Sept Oct-Dec 1985
8 precipitation
Upernavik Bq w3 8.1 A
t 8q m¢ 0.31 A
Godthdb oq n? (1.6) (3.7) 2.5 1.9 B (2.3)
L {0.73) g a2 (0.41) 10.64) 0.3¢ 0.30 B (1.7
Prins Chr. Sund g n? 1.82 0.91 A 0.98 (0.4) (1.0)
L (1.61) Bq m? 0.7 0.41 A 0.3 (0.18) (1.6)
Scoresbysund 8q m? 0.7 » 19.6 A 4.6 B 1.9 B 4.3
L 0.316 el 0.08 B 0.68 A 0.35 8 0.258B 1.3s
Danmackshavn g’ 7.5 B 26 2.4 B 1.6
£ 0.087 ag »2 0.32 8 0.64 0.05 B 1.00
Figures in brackets were calculated from VAR3'2)
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Fig. 3.2.1. Accumulated %0g, at Prins Chr. Sund, Godthdb, Scoresbysund
(Kap Tobin) and Upernavik calculated from precipitation measurements
since 1962, The accumulated fallout by 1962 was estimated from the
Danish data (cf. Risg Report No. 509°), Appendix D) and from the ratio
between the 908: fallout at the Greenland stations and the fallout in

Demmark in the period 1962-1985.



Table 3.2.1.2. Fallout rates and accumulated fallout (Bg m'z) in Greenland 1950-1985

Scoresbysund Pr.Chr.Sund Godthib Upernavik
(Kap Tobia)

di Ai(29) ai Ai(29) di Ai(29) di Ai(29)
1950 0.37 0,36 2.04 1.99 0.57 0.56 0.20 0.20
1951 1.76 2.06 9.79 11.50 2.77 3.25 0.97 1.14
1952 3. 44 5.38 19.19 29.97 5.42 8.46 1.90 2.97
1953 8.70 13.74 48.47 76.59 13.69 21.63 4.81 7.60
1954 33.06 45,69 184.28 254.71 52,05 71.94 18.29  25.28
1955 43.49 87.08 242.45 485.4) 68.48 137.10 24.06 48.17
1956 53.93 137.67 300.61 767.46 84.91 216.76 29.83  76.16
1957 53.93 187.08 300.61 1042.85 84.9 294.54 29.83 103.49
1958 74.81 255.70 417.04 1425.40 117.79 402,59 41.39 141.45
1959 106.11 353,27 591.53 1969.29 167.07 556.21 58.70 195.43
1960 19.82 364.28 110.51 2030.68 . 573.55 10.97 201,52
1961 25.75 380.83 143.57 2122.90 40.55 599.60 14.25 210.67
1962 129.17 497.95 720.07 2775.8)3 203.38 784.07 71.46 275.46
1963 290.45 769,78 1545,12 4218.89 475.45 1229.72 160.58 425,75
1964 180.93 928.26 9¢9.07 5026,38 258.63 1453.19 100.27 513,59
1965 68.82 973,53 383,32 5281.93 166.50 1581,44 38.11 538,67
1966 37.32 987.02 207.94 5360.21 43.29 1586.36 20.72 546,18
1967 18.13 981.41 73.63 5305.51 32.56 1580.68 12,21 545.20
1968 24.42 982.08 136.16  5313.15 37,00 1579.48 13.32 545,33
1969 18.13 976.59 72.89  5258.83 22,20 1563.85 6.7) 539.03
1970 33.30 986.03 59.20 5192.43 34.41 1560.51 12.58 538.58
9N 15.17  977.56 122.84 5189.73 32.56 1555.44 8.14 533.81
1972 12.58 966.75 55.50 5121.35 15.17 1533,52 4.07 525,117
1973 3.40 947,24 17.91 5017.88 6.92 1504,06 2.78 515,48
1974 12.21  936.79 45.88 4944.16 18.83 1486.92 13.14 516.13
1975 4.48 919.04 86.21 4911.57 19.57 1470.9 8.44 512,18
1976 3.00 900.26 11.17  4806.47 4.85 1440.9 2.44 502.46
1977 5.18 884.06 34,78 4726.91 14.06 1420,60 7.03 497.46
1978 10.36 873.29 54.39  4668.38 14.43 1401.14 7.77 493.30
1979 2.81 855.41 10.36  4568.24 9.99 1377.80 3.70 485.26
1980 2,57 837.72 5.74  4465.95 3.87 1349,04 3.02 476.75
1981 4,5 822,13 27,79  4387.60 10.57 1327,50 4.5 469.9
1982 1.97 804,83 5.19  4289.05 2.15 1298.24 1.27 460.05
1983 1.18 786.97 (10.1) 4197.63 2,98 1270.49 1.5 450.68
1984 0.87 769.23 { 1.65) 4100.10 1,62 1242.06 1.79 441,78

1985 1.36 752,39 ( 1.6) 4004.82 (1.7) 1214,38 (~0.3) 431.64
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3.2.2. Radionuclides in Greenland sea water
Table 3.2.2 shows the samplings carried out from land by local
people in 1985. Further sea water data from Greenland are shown

in Chapter 4 of this report.

Table 3.2.2. Radionuclides in surface sea water collected in
Greenland in July-August 1985

Location Bg 137cg m3 Bq 2sr m3 Salinity in o/oo0
Danmarkshavn 2.94 3.52 18.9
Upernavik 3.14 2,30 32.0

3.2.3. Strontium-90 and Cesium-137 in Greenland terrestrial

animals

Reindeer samples were obtained from Greenland in 1985, The mean
level in reindeer meat was 216 Bg 137¢g kg'1. The sample of
reindeer from K.G,H. contained 0.10 Bq 905, kg'1

the bone we found 1380 Bq 905, (kg ca)~'.

meat and in

Table 3.2.3.1., Cesium-137 in reindeer meat collected in Greenland in 1985

Locatic Month Bq 137cq kg" Bq 137cs (kg l()'1
Godthdb 1 Summer 320 75000

-" - II - " - 300 75000
K.G.H. 1 27 7200

Mean 216 52000
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Table 3.2.3.2. Cesium-137 and Strontium-90 in meat samples

and bone (results in brackets) of lamb from Greenland
obtained through K.G.H.

Sample I Sample II
Bq '37cs xg~! 64 54
Bg 37cs (kg K)~! 18000 15400
Bq Y9sr kg™’ 0.174 0.106
Bq ?9sr (kg ca)”! 4800 (3500) 2400 (2800)
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Fig. 3.2.3. Ceeium-137 in Greenlandic mutton, 1962-1985.

nCi ¥cs kg'1
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3.2.4. Strontium-90 and Cesium-137 in Greenland sea animals
The results are shown in Tables 3.2.4.1 and 3.2.4.2, The mean
905, kg"1 and 0.39 Bq

concentrations in fish were: 0.0046 Bg

137¢g ko,

Tahle 3.2.4.1. Cesium=-137 in sea animals collected in Greenland in 1985

Species Location 8g '37cs xg~! Bg '37cs (kg K)!
Seal Godthdb 0.23 120

. K.G.H. 0.27 101
Whale I Godthdb 0.72 240

. 1I - " - 0.87 250
Scallop K.G.H. 0.13 B 328
Shrimps K.G.H. 0.07 B 71 B
Salmon K.G.H. 0.30 81
Cod Godthab 0.59 144
Catfish K.G.H. 0.51 132
Angmagssats Godthdb 0.17 44

Table 3.2.4.2. Strontium-90 1n sea animals collected in Greenland in 1985

Species Location Bg 20sr kg~! 89%%sr (kg ca)”!

Seal Godthab 0.001 B 23 B (0.7 B)
" K.G.H. 0.001 B 23 B (1.9 B)

Whale Godthib 0.00238 66 B

Scallop K.G.H, 0,001 B 1B

Shrimps K.G.H. 0,018 26

Salmon K.G.H. 0.0064 46 (44)

Cod Godthit 0.0029 43

Catfish K.G.H. 0.0020 24

Angmagssats Godthah 0.0090 2.5

Bone levels are shown 11 brackets,
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Whale meat contained 0.0023 Bg 30g, kg'l. and 0.80 Bg 137¢¢
kg'l, and seal meat 0.001 Bg 905, kg"1 and 0.25 Bg 137¢¢ kg“‘.
Figure 3.2.4 shows that the 13-'Cs levels in seals and whales

from Greenland decay with an effective half-life of 8-9 years.
90
f

This is in agreement with the effective half-life o Sr and
13705 observed in the surface waters of the North Atlantic
ocean21).
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Pig. 3.2.4. Cesium-137 in seal- and whale meat from Greenlana 1962=1985.



3.2.5. Radionuclides in Greenland seaweed
No terrestrial samples of vegetation from Greenland were ob-

tained in 1985. The Greenland Fisheries and Environmental Re-
search Institute provided us with a number of seaweed samples
collected from Scoresbysund on the east coast to hamorilik on
the west coast of Greenland. The mean contents in Fucus were
0.43 Bq gy kg“, 4.1 Bq pe kg", and 1.1 Bg 137¢c¢ kg—1. The
concentrations at Mamorilik were lower than those at the other

stations for all radionuclides measured.

99 a 137

Table 3.2.5.1. Strontium-90,
the Greenland coast in July-Sept 1985. (Unit: Bgq kg~

Cs in seaweed samples collected along
1

Tc an

dry weight)

Location Species 905, 99pe 137 9K kg" g Ca kg"

(N,W) (date)

Vega Sund Fu.di.

(72°39°,229291) (Sept 14) 0.478 5,7 1.56 A 28.5 10.9

Angmagssalik Fu.ve.

(65936°,37°411) (Sept 22) 0.44 6.2 1.26 22.7 12.2

Kap Farvel Pu.ve.

(59°45° ,44°00°") (Sept 29) 0.40 6.0 1.42 23.4 11.0

*Julianehdb” Pu.

(609211,45°16°") (July 15) 1.08 4.0 1.20 27.0 14.4

Tartog Fu.

(61921 ,489591) (July S) 0.57 6.120,3 1,05 32.6 13.4

Piskenasset Fu. 0.46 4.0 0.78 23.1 13.5

{63903+ ,50036°) As.no. 0.92 6.8 0.42 22.4 11.5
(July 23)

Kauqarssup As.no.

{65°10°,52%18" ) (Aug 7) 0.3 5.4 0.51 22,3 12 1%

Mamorilik Pu.ve. I 0.24 2.2 9.7

(71903 ,51900°") - " - 11 0.26 A 2.6 0.45 9.0
-7~ 111 0.27 2.4 <45 A 26.3 9.5
- " - 1V 0.15 A 1.9 12.7
(Sept 16)

Pu.di.: Pucus disticus; Pu.ve.: Pucus vesiculosus; Fu.: Pu.ve. or Fu.di.

As.no.: Ascophyllum podosum,

Data on seaweed samples are furthermore shown in Chapter 4 of

this report.
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If we compare the 99pc values with those measured in earlier
yeats“, the levels on the east coast (the first three samples
in Table 3.2.5.1) seem to have decreased a little since 1982,
On the wes* coast, however, the southern stations are higher
than those observed in 1982-1983, At Mamorilik the levels are
similar co those measured at Thule (76°34°'N, 68°48'W) in 1984.
We may thus conclude that the e off W-Greenland by 1984-
1985 reached the coastal waters to its full extent.
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Pig. 3.2.5. Cesium-137 and Strontium=90 in lichen (fresh weight)
collected along the Greenlandic coast, 1962-1984.
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3.2.6. Strontium-90 and Tritium in Greenland drinking water

Qu:rterly samples of drinking water were collected from a number
of locations in Greenland. Table 3.2.6.1 shows the results from
1985, and Pig. 3.2.6 the geometric annual means of all samples
for the period 1962-1985.

As in previous years, we found it most expedient to choose the
geometric mean of all figures, i.e. 16 Bag 905, n3 (0.43 pCi
1") as representative of the mean level of 9oSt in Greenland
drinking water in 1985, this level was a little higher than
that observed in 1984 (Pig. 3.2.6). The levels in drinking
water are still surprisingly high as compared to present rain
concentrations (cf. Tablie 3.2.1.1). We have suggested that
evaporation from the drinking water reservoirs was responsible
for the higher 908: levels. Tritium measurements show (Table
3.2.6.2) that the Greenland drinking water shows similar tritium

3’, hence evaporation seems to be a

90

levels as rain from Denmark

Sr levels may, however, also
90

possible explanation. The high
be due to extraction of old deposited
soil by the water collected for drinking. This would also be
compatibie with "normal®™ tritium concentrations.

Sr activity from the

Table 3.2.6.1. Strontium-90 in drinking water collected in
Greenland in 1985. (Unit: Bg n'3)

Location Jan-March April-June July-Sept Oct-Dec
Danmarkshavn 29 23 6 18
Scoresbysund 12 9 7 10
Prins Chr.Sund 82 65 45

Godthab 9

Upernavik 11 14 7
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Table 3.2.6.2. Tritium in drinking water col-

lected in Greenland in 1985. (Unit: kBg n3)
Location Jan-March July-Sept
Danmarkshavn B.D.L.
Scorebysund B.D.L.
Prins Chr.Sund B.D.L.
Godthdb 1.6:0.1 1.720.1
Upernavik B.D.L.
The error term i1s 1 S.E. of the mean of
double determinations.
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Fig. 3.2.6. Strontium-90 in Greenlandic drinking water
(Geometric mean), 1962-1985.

pCi %9%¢ | !



- 48 -

g 90 a 137

3.3. Estimate of the mean contents o Sr an Cs in the

human diet in Greenland in 1985

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
by the late Professor E. Hoff-Jergensen, Ph.D., in Rise Report
No. 652).

3.3.2. Milk products
All milk consumed in Greenland was imported as milk powder from

Denmark. The mean radioactivity content in milk prepared from
Danish dried milk produced in 1985 was 0.072 Bq 0g, kg'1 and
0.076 Bq '3'cs kg~ 3),
Cheese was also imported from Denmark and contained 0.51 Bq 9OSr
kg~! and 0.055 Bg '37cs xg~'.

3.3.3. Grain products
All grain was imported from Denmark. It is assumed that only
grain from the harvest of 1984 was consumed in Greenland during

1985. The daily pro capite consumption was: rye flour (100% ex-
traction): 80 g, wheat flour (75% extraction): 110 g, rye flour
(70% extraction): 20 g, biscuits (rye, 100% extraction): 27 g,
and grits: 25 g. The content of 90Sr in these five products was
0.30, 0.08, 0.06, 0.23, and 0.17 Bq kg~', respectively. Hence
the mean content of 29Sr in grain products was 0.17 Bg kg".
The content of 137Cs in the five products was 0.16, 0.038, 0.08,
0.12 and 0.085 Bg kg~ |. Hence the mean content of '3’Cs in grain

products was 0.09 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 Rise Report No. 5093). The ?0sr 1level in rye flour
(70% extraction) was calculated analogously with the level in
wheat flour (75% extraction), i.e. as one-fifth of the whole-
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grain activity. The 137cs content in rye flour (70% extraction)
was calculated as one half of the whole-grain level in rye in
analogy with the ratio between 137cs in whole vheat grain and
in wheat flour (75% exttaction)3). The 9oSr and 13-’Csr. contents
in biscuits were calculated by dividing the levels of the rye
flour (100% extraction) by 1.35, since 1 kg flour yields 1.35

kg bread3’.

3.3.4. Potatoes, other vegetables, and fruit
The Danish mean levels for 1985 were used3) since the local
production is insignificant compared with imports from Denmark.

The Danish mean levels were: in potatoes 0.056 Bq 905: kg'1 and
0.078 Bq 137¢g kg", in other vegetables 0.24 Bq 905, ltg'1 and
0.052 Bg '37cs kg~!, and in fruit 0.062 Bq 30sr xg~! and 0.016
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 lamb were estimated from the 1983 dataz).

Reindeer, seal and whale were estimated from 3.2.3. The levels

of sea birds and eggs were taken from the 1978 analysesz’.

Hence the mean levels in Greenland meat from 1985 were 0.08 Bg

9gr kg~! ana 12.3 Bq '¥7cs xg~'.

(9°Sr: 0.1x0.14 + 0.05x0.10 + 0,6x0,001 + 0.05x0,0023
+ 0,2x0,007 = 0,02 Bg kg~ ')

(137cg: 0.1x59 + 0.05x216 + 0.6x0,25 + 0.05x0.80 + 0,2x0.35
= 17,0 Bg kg~ ')
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3.3.6. Fish

All fish consumed was of local origin, and the mcan levels froa
1985 (cod and salmon meat) were used, i.e. 0.0046 Bq 9sr xg~!
and 0.39 Bg 37cs xg~!.

3.3.7. Coffee and tea
The Danish figures for 19853) were used for coffee and tea,

i.e. 1.00 Bq 2% kg~! and 1.53 Bq 37cs xg7!.

3.3.8. Drinking water

The geometric msean calculated in 3.2.6 was used as the mean
level of 20Sr in drinking water, i.e. 16 Bq 2%r m 3. The 137cs
content was as previouslyz) estimated at 1/4 of the 0g, con-

tent, i.e. approximately 4 Bq 137cg o3,

Tables 3.3.,1 and 3.3.2 show the diet estimates of 9"Sr and

'37Cs, respectively.

3.3.9. Discussion
The most important Sr source in the Greenland diet is still

grain products, which contribute 36% of the total 9°St content
90

90

in the diet. Approximately 77% of the “"'Sr in the food consumed

in Greenland in 1985 originated from imporced (Danish) food.
Meat is still the most important 137Cs source in the Greenland
diet, contributing 918 of the total content in 1985. Approxi-
mately 97% of the 137cs in the Greenland diet in 1985 came from
local products.

The 908: contents in the total diet in 1985 was approximately
89% of the 1984 level.

The '37Cs level was 1378 of that found in 1984, As earlier dis-
cussedz) the great variations from year to year are primarily
due to the variations in the 137Cs levels in the meat samples

obtained.



the 9%Sr content of the Greenland diet in 1985 was 81% of lI:he
estimated Danish mean content”, and 69% of the Faroese level ).
The 13-'Cs'. level in the total diet in Greenland was 10.2 times

that of the Danish diet and 87% of the Faroese diet level.

Table 3.3.1. Estimate of the mean content of 905: in the human
diet in Greenland in 1985

Type of food Annual Bg 905, Togol Percentagsoof
quantity per kg Bgq Sr total Bg Sr
in kg in food
Milk and cream 78 0.072 5.62 12.6
Cheese 2.5 0.51 1.28 2.9
Grain products 95.6 0.17 16.25 36.3
Potatoes 32.8 0.056 1.84 4.1
Vegetables 5.5 0.24 1.32 3.0
Pruit 13.5 0.062 0.84 1.9
Meat and eggs 45.6 0.02 0.9 2.0
Fish 127.6 0.0046 0.59 1.3
Coffee and tea 7.3 1.00 7.30 16.3
Drinking water 548 0.016 8.77 19.6
Total 44,72

The mean annual calcium intake is estimated to ve 0.%% kg
(approx. 0.2-0.25 kg creta praeparata). Hence the 9°Sr/Ca
ratio in Greenland total diet in 1985 was 80 Bg ?9sr (kg
ca)~! or 2.2 pci 90sr (g ca)”! and the daily intake was
0.12 Bg ?%r or 3.3 pci ?%sr.
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Fig. 3.3.1. Strontium-90 in Greenlandic diet, 1962-1985.

Estimate of the mean content of '37Cs in the human

Type of food Annugl Bg 137cq To}g’ Percentag?39f
guantity per kg Bg Cs total Bg Cs
in kg in food
Milk and cream 78 0.076 5.93 0.7
Cheese 2.5 0.055 0.14 0.0
Grain products 95.6 0,09 8.60 1.0
Potatoes 32.8 0.078 2.56 0.3
Vegetables 5.5 0,052 0.29 0.0
Pruit 13.5 0.016 0.22 0.0
Meat and eggs 45.6 17.0 775.20 90,6
Pish 127.6 0.39 49.76 5.8
Coffee and tea 7.3 1.53 11.17 1.3
Drinking water 548 0.004 2.19 0.3
Total 856,06

The mean annual potassium intake is estimated to be approx. 1.2

kg. Hence the

137

Cs/K ratio becomes 713 Bg

137

Cs (kg K)~

'Ol’

19.3 pCi 137cq (g K)~'. The daily intake in 1985 from food was
2.35 Bg '37cs or 63 pci '3cs.
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Fig. 3,3.2, Cesium~137 in Greenlandic diet, 1962-1985.

3.4. Conclusion

3.4.1.

The g, fallout rates in 1985 were the following: Prins Chr.
Sund: approximately 1.6 Bq N0gy m'2; Godthdb:1.7 ; Scoresby
Sund: 1.4; and Danmarkshavn: 1.0. The accumulated fallout levels
by the end of 1985 were estimated at approximately 1210 Bq 90g,

m~2 at Godthab, 4000 at Prins Chr. Sund, and 430 at Upernavik.

3.4.2.

The food consumed in Greenland in 1985 contained on the average
80 Bg 90Sr (kg Ca)", and the daily mean Intake of 137Cs was
estimated at 2.35 Bq. The most important 90s¢ contributor to
the die. were grain products accounting for 36% of the total
905y content of the diet, Cesium-137 originated mainly from
meat (reindeer and lamb) and fish, contributing 97% of the
total 137¢s content of the diet.
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3.4.3.

No 905: analyses of human bone samples have hitherto been car-
ried out on the population of Greenland. Considering the esti-
mated 905t levels in the diet, it seems probable4), however,
that the 1985 20sy levels of humans in Greenland were on the
average rather similar to those found in Denmark, i.e. the mean

levels in human bone in Greenland were approximately 25 Bg 305,

(kg Ca)'1 {vertebrae). From diet measurements the 137Cs content

in Greenlanders was est mated at 2000 Bg 137Cs (kg K)'1.

4. MARINE ENVIRONMENTAL RADIOACTIVITY IN THE
NORTH ATLANTIC REGION

4.1. The F/S Polarstern cruise in July 1985 to :he Fram Strait

Since the Polarstern cruise in 19844) the ‘37Cs concentrations

in the surface water between Norway and Svalbard (cf. Fig.
4.1.1.1) have remained unchanged. This was to be expected if
the transit time from Sellafield to the Norweg.an Sea is about
five years"’. The discharges from Sellafield in 1978 was: 4.1
PBq '37cs, in 1979: 2.6 PBq and in 1980: 3.0 PBq'3). We observed
a decrease in the Norwegian Sea from 1983 to 1984 corresponding
to the marked decrease in the discharges from 1978 to 1979, Prom
1979 to 1980 the discharges increased a little and therefore
there was no further decrease in the water concertrations from
1984 to 1985.

In the Fram Strait (Fig. 4.1.1.2) the 137Cs concentrations were
in general decreasing from east to w. st as also observed in
1983 and 1984. However, at two western stations around 7°W en-

d 137Cs levels were observed. As the 9°Sr concentrations

hance
at these stations are similar to the neighbouring stations we
assume that we see a strong Sellafield signal at the two western

stations.



- 55 -

T T T T T T I | T
O O'I37cs
40 + A\, 9°Sr -
30 -
(o]
(o
E
o 20 .
a
v 0 0] 0
- O
10 o o
v
v
v V ¢ WV v
0 1 ! L L1 1 ] L
70 719 72 73 76 75 76 77 78 79 80
LATTITUDE N

Fig. 4.,1,1.1. Cesium=137 and Strontium-90 in surface water collected
between N-Norway and Svalbard in July 1985, The abscissa shows the
latitude of the samples.
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Fige 4.1.1,2., Cesium-137 and Strontium=-90 in surface water collected

in the Fram Strait between Svalbard and East-Greenland in July 1985.

{78-80°N). The abscissa shows the longitude of the samples.
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We have combined a number of samples from the Fram Strait in
order to measure the very low 134Cs concentrations. From the
western part of the Fram Strait we made three 134Cs determina-
tions (samples a), b), and c) in Table 4.1.1). The mean con-
centrations in these samples varied between 0.006 and 0.016 Bq
13465 -3
Strait from Sellafield we may calculate a transfer factor from
the 134
1985 was: 0.038 PBq. Hence the transfer factor becomes 0.2-0.4
Bg 1344 n3

discharge in 1978 of 137Cs (decay corrected to 1985) we would
3
~ 1

. Assuming a transit time of 7 years"’ to the Fram
Cs discharge observed in 1978, which decay corrected to
per PBg 134Cs discharged. From this and from the

expect a concentration of (0.2-0.4)-3.48 = (0.7-1.4) Bq m™~
Bq m3
the Fram Strait in 1985. The mean concentrations in the nine
137cs m3. 1f the

two "outliers”™ mentioned above are omitted in the mean, it be-~

of Sellafield derived cesium—137 in the western part of
samples considered was 8.0*2.6 (* 1 S.D.) Bq

comes 6.7:0.6 (+ 1 S.D., n=7). Using this mean, a realistic
estimated of the global fallout background in the western Pram
Strait becomes 5.7 Bg 137¢s m™3. 1In a similar way the 905, fa11-
out background is estimated as [4.9:0.35 (+ 1 S.D., n=9) -
0.3+0.51] = 4.7 Bq 905y m3. We have earlier®’ in 1983 esti-
mated the fallout concentrations in polar water in the Fram
Strait to 6.86 Bg '3/ 3 and 5.72/1.225 = 4.67 Bq 29sr m3

(cf. Introduction).

Cs m~

In the eastern part of the Fram Strait the transfer factor for
Sellafield discharges was an order of magnitude higher than
that observed in the western part.

A number of samples from the cruise have been analysed for
99Tc. In nearly all cases the concentrations are similar to
those observed for 134Cs. This implies that the annual mean
discharges of 997¢ have been similar to the decay corrected an-
nual mean discharge of ‘34Cs, i.e., about 0,04 PBg. This figure

is actually in the right order o2f magnitude for 99Tc9'13).



Table 4.1.1.
an July 1985

Radionuclides in surface sea water collected from N-Norway via Svalbard to N.E.-Greenland

Position Station Date Salinity Temp. 905: ”'rc ‘J.Cl ‘37C| 239,240, _zni__ “‘A-
N E or W No. in 239,240p,

July o/00 o¢ sgm? Bgw? Bgm? Bgwd maqg w3 mBq m~3
$4°29* 7°28'E 85601 3 30.9 - 37 - - 20.1 - - -
58°20' S°00°'E 85602-05 4 29.7 - 25 1.3 1.3¢ 53 1.7 0.19 -
60°04" 4°S4'E 85606-07 5 29.9 - 1 1.4 2,03 A 49 - - -
63°15* 6%00'E 85608-09 6 - - - 0.66 - - 9.1 - 0.34
63930 6°1S'E  85610-11 6 33.3 - 12.8 1,09 55 - - -
65°30° @8%9'c 85612-13 6 33.6 - 10.4 0.5t - k1] - - -
68923 13%10'  85614-15 7 - 10.5 - - - - 5.8 - 0.81 A
68°37° 13°35'E  85616-17 7 33.8 1.4 1341 - 0.82 45 - - -
70°40* 18°50'E  85618-19 8 33.9 8.3 1.0 0.40 - 2 - - -
71%8"' 21%00'E 85620-21 8 - 8.7 - 0.29 - - 6.5 - 0.80
71°15' 21°30'E  85622-23 8 34.7 8.5 7.1 - 0.4 24 - - -
72954 20°13°E  85624-25 9 34.8 7.7 6.0 B.,D.L. - 23 - - -
7345 19905°E  85626-27 9 - S.1 - 0.34 - - 12.3 A 0.045 B -
74900' 18945°E 85628 9 35.0 5.1 30 - - 11.0 - - -
75%13' 17942'E  85629-32 10 34.4 3.3 1.3 0.12 0,135A 11,2 8.4 0.047 0.56
76922 16°00°E 85633-34 10 34.7 3.5 2.9 0.34 - 9.4 - - -
77954' 10°35'E  85635-36 11 35.0 5.4 3.2 - - 10.2 - - -
77955' 8%18°'E  85637-39 11 35.1 5.2 3.2 - 0.15¢ 1.2 1.9 - 1.45
78°%42' 5%22'c  85640-43* 12 34.4 4.7 3.1  B.D.L. 0,159 9.8 - - 2.5
78°27* 19556 85647-49 13 33.t 0.5 3 0.036® 8.0 9.8 - 1.27
79%02* 0°52'w 85650-51* 14 33.0 0.0 3.4 - 0.036® 7.7 - - -
78%53*  3%6'w 85655-56 14 32.0 -1.6 5.1 0.on® 7.8
78959* 5°%16'Ww 85657-60 16 3.4 -0.6 5.0 0.037 0.0n1b 7.0 0.38
78%3t°  4°53'w  85661* 17 31.6 -0.2 4.3 7.2

- 8§



Table 4.1.1. (continued)

Position Station Date Salinity ‘Temp. 908: 991c ‘3‘Cl ‘31Cl 239,240, _3::32___ z“ln
L Eor W No. in -3 -3 -3 -3 -3 239,240p, -3
July 0/00 °c Bg m Bg m Bg ® Bq m mBg m mBg m
78%46* 6°27'w  85665-66 18 n.2 -0.% 4.3 0.011® 13,0
79%02* 7%q4'w 85667-68 18 31.1 -1.8 4.8 0.011® 11,8
79920 14%07'w  85669-70 19 31,7 -0.5 5.0 0.00568% 6.4
79920* 11%0°'w 85671-72 19 31,5 - 4.6 0.00568% 6.1
79% 0" 8%0°'w 85674 20 - c.¢ - - - - - - 0.50
80°00' 14%00'w 85675-77 21 3240 0.0 4.5 o.21 0.00568% 6.3
80°00°' 11%0'w 85678 3| - 0.0 - - - - 7.6 - 0.86
80°00' 6°25'W 85679-80 22 3241 1.6 S.1 0.016A° 6.3
80°00°* 4°28'w 85681-82 22 3.5 2.2 S.4 - 0.016AS Tl - - -
80°%00°' 13°00°'w 85683 23 - 0.0 - - - - - - 0.40
80°00' 0°08'W 85684-85 23 32,2 0.0 5.3 0.036® 7.6
80°00° 2°50'E 85686-87 24 33.3 3.0 3,2 0.0789 B.D
80°00°* 4V25'rE 85688 24 - 3.3 7.9 0,037 0.9%
80%00' 6°30's 985689-90 2% 34.2 3.8 3.2 0.0708¢ 9.5
79950 9%6'E 85691-92 25 34,7 6.6 - - 0.16 10.4 - - -
78%40* 6%20'c 985693-94 27 34,8 6.9 3.3 9.0
78°30* 9°30'E  85695-96 28 34.9 5.8 0.12 9.6

3

a) Three samples representing 5,35 m~ combined to ‘3‘Ca analysais,

b) Four samples representing 7.05 nd combined to N4, analysis.

3

C) Two samples representing 3.5 »° combined to ‘l‘cl analyais,

d) Two samples representing 3,55 m> combined to '34Cs analysis.

3

e) Three samples representing 5.3 m” combined to Vi, analysis.

*) Cf. corresponding deep- ater samples in Table 4.1.2.

_GS_
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Table 4.1.2 shows the data for three sets of deep-water samples
collected in the Fram Strait. The three stations all showed a
decrease in activity from surface to 200 m. From 200 to 400 m

the concentrations did not change very much. But from 400 to
700 m there was again a significant decrease. All the deep-

wvater samples showed '37Cs/905t ratios significantly larger
than those expected in global fallout (~ 1.45) indicating a
significant contribution from Sellafield.

Table 4.1.2. Radionuclides in deep-water samples collected in July 1985
in the Pram Strait

Position Depth Station Date Salinity Temp. %9sr 3¢ 13¢g
inm Wo. in

N EorW July 0/00 % sqa3 sgm? r
78%42¢ s%22'ge 200 85644 12 35.2 2.5 2.5 6.9 2.8
L 400 85645 12 35.1 1.8 2.9 7.0 2.4
L 700 85646 12 35.0 -0.4 1.7 3.8 2.0
79%902* (0°S2'N 200 85652 4 35.2 2.1 2.5 7.0 2.8
- .e 400 85653 14 35.0 1.9 2.2 7.7 3.5
- - 700 85654 14 35.1 0.2 - 4.7 -
78931 4°53'wW 200 95662 17 34.8 0.8 2.0 5.0 2.5
- . 400 85663 17 35.1 1.1 2.0 4.2 2.1

=f= ="~ 700 85664 17 5.1 0.3 0.87 2.1 2.4
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4.2. An estimate of the transfer factors of 137Cs and 905r from

Sellafield to the East Greenland Current Based upon sea water
samples collected off East Greenland in November 1984%)

The samples were collected in the EGC between 66N and 61°N

along the Greenland east coast:

Table 4.2.1.

Position Bgq 905, w3 Bg 137¢cg o3
65°53'N 30952'w 3.92 6.7
63°04°'K 30°11'w 3.51 6.7
62°10°N 41°25°w 2.53 5.9
60°57°'N 42°47'w 3,10 6.0
Mean .27 6.33
s.D. 0.59 0.43
S.E. 0,30 0.22

Another set of samples were collected outside the EGC. These
samples are assumed to represent Atlantic water contaminated

by fallout only

Table 4.2.2.

Pogition Bg Wgr m-3 Bqg 1370 =3
65°45°N 28°17'w 1.55 2,7
63°38°N 40°05°'w 1.63 2.15
61956°N 40°27'w 1.47 2.5
60°48°N 41%16'w 1.44 2.5

Mean 1.52 2.46
S.D. 0.09 G.23

S.E. 0.04 0.11
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In 1983 five samples of arctic water were collected in the
Fram Strait at 79°-80°N and between 1°09'W and 12°05'W. These
samples contained 4.70 Bq 905y m~3 (1 s.p.: 0.64, 1 S.E.: 0.28),
and 7.04 Bq '37cs m~3 (1 s.D.: 0.15, 1 5.E.:0.07), Samples col-

lected in Atlantic water in 1983 contained:

Table 4.2.3.

Location Bg 905, a3 (1 5.D.;1 S.E.;n) Bg 137¢q 231 s.D. ;1 S.E.;n)
Norwegiar coast  60°-73%N 10.4 (4.252.1;4) 45  (8.9;3.3;7)
Barents Sea 73°-77%4 3.76 {0.12;0.05;5) 13.8 (2.2;1.0;5)

Fram Strait Bast 79°-82°N 3,27 (0,24;0,07;11%) 11,3 (1.24;0.37;11)

The fallout background in these samples was assumed to be 2 Bg
905y m~3 and 3 Bg 137¢s m'3, respectively. The contributions
of 905y and 137cs from Sellafield were calculated by subtraction
of the fallout background from the respective figures.

Let us now assume that the water seen in the EGC in 1984 between
66° and 61°% north (Table 4.2.1) consisted of 100x % Arctic
water with the same concentrations of 905y and 137¢g as found

in the western part of the Fram Strait in 19836), i.e. 4.70 Bq
905, m~3 and 7.04 Bq 137cg m™3.

Purthermore, there was a contribution of 100y % Sellafield-con-
taminated water coming from the Norwegian coastal Current with
the concentrations 10.4 - 2 = 8.4 Bqg 90gp m'3, and 45 - 3 = 42
Bg 137¢g -3 (cf. Table 4.2.3), and finally 100(1-x-y) % of
Atlantic water of the composition shown in Table 4.2.2.

The equations become:
90g5r: 4.70x + 8.4y + (1-x-y)°1.52 = 3,27 (1)

137cg: 7.04x + 42y + (1-x-y)*2.46 = 6,33 (2)
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The equations give x = 0.4517; y = 0.0456, and (1-x-y) = 0.5027.

We may instead assume that the Atlantic water with Sellafield
effluents has the same composition as that from the Barrents
Sea between 73° and 77°N (cf. Table 4.2.3). In that case the
equations become:

Ogr: 4.70x + 1.76y + (1-x-y)*1.52 = 3,27 (3)
137cg: 7.04x + 10.8y + (1-x-v)°2.46 = 6.33 (4)
x = 0.5376; y = 0.1689, and (1-x-y) = 0,2935

Finally, we may assume that the Sellafield contribution to the

EGC has the composition seen in the eastern part of the Fram
Strait (cf. Table 4.2.3) and we get:

90sr: 4.76x + 1.27y + (1-x-y)°1.52 = 3.27 (5)

137cs: 7.04x + 8.3y + (1-x-y)°2.46 = 6.33 (6)

x = 0.5674; y =0.,2177, and (1-x-y) = 0.2149

The concentrations of Sellafield derived '37Cs in the EGC at
66°-61°N estimated from the 3 above determinations become
0.0456x42 = 1,92 Bq m~3; 0.1639x10.8 = 1.82 Bq m~ 3, and 0.2177x
8.3 = 1.81 Bg m~3. The mean is 1.85 (1 S.D.:0.06; 1 S.E. = 0.04)

au 137cs m3

By ¢ This is from an annual mean discharges of 3.278

PBg 137¢g (rel. S.D. 238)12'13). Hence the transfer factor from
Sellafield to the EGC becomes 0.56 Bg m3 per PBg a-l.

(relative S.D. estimated to V32%+232t = 23%)

(relative S.E. (3 areas) 13%)

In case of 90Sr the 3 determinations gave:

0.0456x8,4 = 0,38 Bq m~3°0,1639x1,76 = 0.30 Bq m~3, and 0.2177x
1.27 = 0.28 Bg m-3. The mean is 0,32 (1 S.p.: 0.05; 1 S.E,:
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0.03) Bq 9g, 3. This is from an annual discharge of 0.343
PBqg (rel. S.D. 27%)12,13), and the transfer factor then becomes
0.93 Bq n3 per PBq a~l. If we correct for contributions of
905y from sources other than Sellafield" the factor becomes

0.93x0.83 = 0,77 Bg ?%r m 3 per PBq ?%r a”!
(relative s.D.:V1723+272% = 32%)

(relative S.E. (3 areas): 18%)

These transfer factors may be compared with those found for
134cs in water collected at west Greenland in August 1984. The
mean of the 6 determinations was 0.68 Bg m3 per PBq a1
(1t S.0.:0.28, 1 S.E.:0.11), which is in good agreement with the

above estinatesg).

Tranfer factors based on 99'l'c measurements in Fucus samples
collected along the east and west coast gave 1.5 and 0.4 Bq a3
per PBg a-l, respectivelyg). It may be noticed that the water
transfer factors are nea:ly the same on the east and west coast,
whereas the factors based upon Pucus samples apparantly are
lower on the west than on the east coast. This may be because
the EGC runs close to the coastline on the east side of Green-
land, but moves away from the coast when it has passed Kap
Farwel and moves northward along the west coast (¢f. also 3.2.5).

We presume that the 1983 data rather than those from 1984 from
the Arctic and NE-Atlantic Ocean give the most correct answer
because the water collected off Bast Greenland in 1984 due to
transit time most likely corresponds to the water collected in
the Arctic and the NE Atlantic Ocean in 1983,

4.3. Radioecological studies along the English channel in 198,

In samples collected from the German Bight and along the west

1)

coast of Jutland we have in recent years seen radionnclide
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ratios: 90Sr/'”Cs, 13‘Cs/':‘”Cs and 99Tc/u-’Cs definitely higher
than those expected in effluents from Sellafield in the U.K.
and we have assumed that this was an indication nf a contribu-
tion of activity from Cap de la Hague 1in France,

In a joint Prench, Swedish and Danish effort samples of sea
wvater, sea weed and mussels were collected in the first half of
1985 from the Continental as well as from the British side of
the English Channel.

The samples have been analysed for v-emitters by Ge(Li) spec-
troscopy, for 905:, 99'l'c, and transuranics by radiochemistry at

Lund University and Rise National Laboratory.

The purpose of the study was to see how the discharges from the
two European reprocessing plants Cap de la Hague and Sellafield,
and from other sources influenced the radioactivity levels in
the English Channel and the southeastern part of the North Sea.

Figure 4.3.1 shows the water mass transport from Cap de la
Hague according to Kautsky23). In Table 4.3 the results of the
measurements are presented. It appears that the concentrations
in sea weed and sea plants decrease after power functions with
the distance from la Hague as shown in Figs. 4.3.2-4.3.6. A de-

tailed discussion of the results has been given elsewhere24).



Table 4.3,
Unit: Bq kg~

Radionuclides 1n seaweed and surface sea water along the English Channel in 1985
dry weight for seaweed and Bq »d tor sea water)

Startion Species Date Position Location Ka* 1V dry Salinity “l" ‘OCO "!r "'re ‘“lu IZS.b ”7CI Dy, “""olu "'A-
nusder ] E or W matter in o/o0

85501 Fu.ve. 9/4 53952°' 8%43°'t Cuzhaven (D) 940 26.1 70 2.

85502 Seawater - - . - . 1.0 24 1.6

85503 Fu.ve. = 53%37* 7°10'E Norddeich (D) 05 18,7 35,8 2.4 $.2 200 1,6 A 2,1 0.013 0.030

85504 My.ed. - - - - . 13.3 17,4 1,05 0.0% 6.5 A 1.09

85505 Fu.ve. 1074  53°10° S°24'E  Harlingen (NL) 7:0 32.) [ ) 280 1.4

85506 Seawater - - - - hd 1.0 1m.?

85507 Fu.ve. = §2028' 4°36'E 1Jmuiden (NL) 595  23.8 3.6 3.2 4.1 124 &I A 1,55 2,) 0.022 0,01
85500 Seawarer - - - - . 15,2 i} 2.2

85509 Fu.ve. *  $1927* 3936'E Vlissingen (NL) 435 32,4 360 1,4

85510 Fu.ve. 1/4 51214° 295%'e  Oestende (B) 390 19,6 35,6 5.4 4.7 200 j.e8 2.0 1.97 0.035 0.023
8551 Seawater - - - . . 30.7 40 4.4

85512 Fu.ve. =  50%38' 19S1't Calais (F) 3cs 9.0 6.9 250 .8

85594 Fu.ve. 2476 50%46* 1°37'E  vimereux (F) 80 14 40,8 17,6 4.3 780 13,9 A 4.7 .9 0,046 0,096

85513 Fu.ve, 1174 50952° 193S°'E  Cap Gris-Nez (F) 2% 11,9 45.9 7.6 5.1 070 8.2 A .4 2,9 0,043 0,088 0,029
85514 Seawater - - - - - 31,0 3.6

85915 Fu.ve. - 50704* 1922'€ Le Treport (F) 240 29.2 9.4 350 1. 2.0

85516 Seawater 12/4 . . . . 5.2 10.7 0.49

85593 Fu.ve. (Y2 - - - - 20 31,8 32 4.7 670 23 3.8 3. 0.077 0,169

85517 Fu ve. 12/4 43%52' 0%42'E  St.valery-en-Caux :™; .00 13.1 a1 14,3 5.6 13%0 12 B 30 3. 0,083 0.20 0,026
85518 Fu.se. - - - - . 33,3 0.0 620 21,7 1.

85519 Seawater - - - hd - n, 4,4

85592 Fu.ve, 7 - - . . 19 .0 28 4.8 1370 17.3 3.2 4.0 0.076 0.150

85529 Fu.ve, 12/4 43°%46' 0°22'E récamp (F) 170 19.% 38.7 12,2 5.5 906 16.9 2.8 2.6 0.093 0,199 0,050
85521 Fu.se. - - - - . 32.7 13,4 540 22 1.9

85522 Seawater b . . . . 32.) 6.1

85591 Fu.ve. 4/7 49°230° 0C06'E Le Havre (P) 150 20 ..8 4.8 4.5 380 2.9 A .

85590 Fu.ve, 5/7 49°17° 0°18'W Luc sur Mer (F} 128 17 40,3 17,1 6.1 730 13,6 A 4.8 B 0,050 0.054

85523 Fu.ve. 12/4 49°21° 0%45°'W  Port-en-Beasin (F) 105 8.4 34.6 13,7 6.5 450 23 3.3 A . 0.107 0,184 U, 088
85524 Seawater - - - . . 2.9 6.4

%525 Fu.ve. =~ 49934 1216'w  St.vast-la-Hague (F) 75 33,7 1407 6.9 790 10.7 8 3.4 A 2.6 0.U80 0.27

85526 As.no. - - - . . 22, 30.2 7.9 6.4 1180 13,2 A 5.0 2.8 0,092 0,136 0.073
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Table 4.3. (continued)

Station Species Date Position Location Km* § dry Salinity 49gee §0c, 90g, 99pc  106g, 125g, 137, 238y, 239,240p, 241,y
number N E or W wmatter in o/co

83527 Fu.sp, 1274 49°34* 1216'W St vaast-la-Hague (P) 75 30.2 13,4 5.6 470 27 A 4.8 2. 0.064 0.12%

95529 Pe.ca. - . . . - $2.9 22.0 9.9 4.9 760 1.8 A 43 2. 0.057 0.125 9.042
85529 Seavater . . . . - l.e

85589 Tu.ve. 2776 - - - . 20 33.4 37.6 23 6.4 790 13 B 4.9 4.0 0.068 0,174

85530 Fu.ve, 1374 49%42* 1°16'W  Ptr.de Barfleur (F) 5% 35.3 46 8.0 1500 k1] 4.2A 1.6 0.12% 0.35

85531 Fu.se. . . - - . 171 7.0 s2 1.7 1100 53 6.2 ' 0.24
83532 As.no. - - - - . 30.0 16,5 6.9 2100 48 6.5 2.7 0,22 0,43

85533 Pe.ca. - . - - . 4.1 23,9 18.3 1.14 980 12,9 2.3 0,096 0,175

85534 Pa.vu. - - - - - 18.0 13,8 14,5 8,3 119 10.4 5.9

85535 Seavater - - - - . 120

45536 Fu.ve. = a9%a2* 1%28'w cCap Lévy (F) 40 4.1 33.7 88 1640 53 4.

85588 Fu.ve. 27/6  49°41* 1920'W  Fermanvill (F) . 18 42.2  S6 1450 3 A 4.5B 1.5 0.194 0.172

85537 Fu.se, 13/4 49%43* 1952'W  Le Hable (P) 1M 198 42.7 200 10.0 2400 153 . 4.8 0.44 0.79 0.45
85538 Fu.ap. - . . - . 32.5 123 2200 65 3.4

85539 Seawater - - - - . 34,9 89 17.1

85540 "u.sp. = 49%¢3* 1956°W Goury,Cap de la Hauge(P) 6  23.4 36.8 200.3 20 2300 184 1.8 12.0 0.42 0.67

gssa~ Fu.ve, 24/6 . - . . 18 33.4 260 6.3 4700 127 5.2 0,51 0.5%

25585 Fu.se, 11/4 49°¢40" 1°56'W Herquemoulin (P) -6 17 3.1 49.6 40 15 4300 250 8.8 7.2 0,55 0.94 2.25
25586 Fu.se, 2/1 . - - . 21 47.2 270 3.8 3600 184 4.48 5.2 0.42 0.48

5584 Fu.ve, 177 49922% 1948'W  Carteret (F) -38 30 40.1 48 1.5 1700 24 A 388 a1

85583 Fu.ve. =  489%0°* 1°3''W Granville (F} -1 20 316.5 26 3.7 1210 17 A 2.7 A 2.3

85582 Fu.ve, 4/7 48%1° 1°S1'W  Cancale (F) -te 24 1.8 18,6 3.8 7%0 15.3 2.0 A 3.2

85545 Fu.ve. 1474 48°38° 2°02'W  Saint Malo {F) =120 N 9.2 800 6.7 0.7

85546 Fu.se. - - - - . 7.2 38.9 15,1 2.6 460 9.5A 1.,8Aa 1,63 0,098 0.2¢ 0.064
83547 As.no. - - - - . 30,2 7.3 1260 1.8

85548 Fu.sp. - - - - . 35.8 32.9 32.0  12.8 3.9 500 $.6B 1.7A 1,35 u,120 B.D.L.
as549 Pe.ca. - - - - . 22.9 6.1 650 0.9

usset Fu.ve. 4/7 4811 2945%'w  St.Brieuc (F) 134 24 30.8 36 3.0 1020 23 1.4A 1.66 0,087 0.146 0.027
85544 Fu.ve., 14/4 4a°50* 3°28'W  Perros Guirec (F) -145 19,8 2.7 1.36 0.39 46 0.74 A 0.059

25541 Fu.ve. 1374 48%3* 3°S8°'W  Roscotf (F) -18% 42.2 0.27 12.6 0.89 0.102

85542 Fu.se. - . - . . 1.8 4.9 0.44 3.3 1.10 A 0.089 0.011

L9
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Table 4.3. (continued,
Station Species Date Position Location Km* & dry Salinity Ogen  60c, $0g, 1o 1064, V25gp 1374 238y, 239,240p, 25,
number ] E or W wmatter in o0/00
1190 Fu.ve. 18/4 535°05° 0°34°E Rews (DR) 100 21,2 28.6 0.714 3.9 240 1.1 A 3,2 0.0167
"N ny.ed, . . - . . 46 8.42 0.78 0.0198 4.9 A 1,34
1192 Seavater - hd hd - . 5.1 n 3.3
1183 Fu.ve. 1774 54%08' @%52'c  Bisumhaten (D) 990 17.9 26.0 1.4 Y 2.2 0,04)
184 Seavatver - - - - . 24.9% 1.6
1185 Fu.ve, - 5431 @®30°E Norderhafen (D) 1030 20.7 29,2 0,84 1.5 230 1,5 A 2,3 0,027 0,006}
1186 Seavater - - b - . 28,1 3.5
1187 Fu.ve. 18/6  54%4* @%ate Dagebillhatfen (D) 1060 23.8 26.4 0,76A 3,5 18 1.7 A 2,8 0,091 0,049
1188 Seavater - b - - d 20.5% 3.%
1184 Bisumhaten/ ne
1186 Seauater 17/4 ~54%31* 8950°E  NWorderhafen/ (D) ~ 990 ~ 27
Dagebiillhafen 16,7
* Shortest sea distance from Cap de la Hagque 1n Ka
stnaie: g K kg“ dry weight
Fu.ve.: Fucus vesiculosus, Fu.se.: Fucus secratus, Pu.sp.: Pucus epiralis, As.no.: A phyllus a: "

Pe.ca.: Pelveria canaliculata, Pa,vu.: Patella vulgara, Wy.ed,: Myrilus edulis,

85507
85510:
853)4:
a5540:

0.2 8 1n these four samples i1t was possible to determine 134cq, and the 134ce/7%4 ratios

0.y 8
0.34
0.18

A: counting ecrror 20-33%

B: counting error > 33N

I]‘c._

were calculated. In the samples collected close to Cap de la Hague the bachkground
was toc high for a reliable
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Pig. 4.3.1., The water mass transport from La Hague according to Kautsky23).
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Pig. 4.3.3. The concentration of 997c in Fucus vesiculosus as

a function of distance in km from La Hague in 1985,
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Fig. 4.3.4. The concentration of 106Ru in Fucus vesiculosus as
a function of distance in km from La Hague in 1985,
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4.4. Various samples from the northern North Atlantic

4.4.1. Sea wveed
A number of sea weed samples have been analysed for 991c and a
few other radionuclides (Table 4.4.1). The samples from the

Iberian peninsula (Cascais and Vigo) are supposed to represent

global fallout only. We have earlier shown that the 99Tc con-

centrations in Fucus serratus and in Fucus spiralis are haif of

that in Fucus vesiculosus, and that Ascophyllum nodosum con-

99Tc as Fucus vesiculosus. Prom this we

£ 99

tains twice as much
conclude that the fallout background o Tc in Fucus vesicu-
losus is about 1-1.5 Bg kg" dry weight. The sample from Grin-
davik in Iceland may thus also be considered to represent fall-
out of 29rc only. The 99'rc/9°Sr ratios in the three samples men-
tioned above are, however, higher than what we would expect for
global fallout in PFucus vesiculosus, where we in Greenland

9). Although we are deal-

found a ratio of approximately only one
ing with other species, we do not think that this provides suf-
ficient explanation for the discrepancy. We can thus not for
the time being be completely sure whether the three samples ac-

tually represent fallout only.

At Cascais in Portugal a sea water sample was collected. It con-
tained 4.2 Bq >’ 3

tion factor between Fucus spiralis and sea water of 150, which
25)

Cs m °. From this we may calculate a concentra-

is in agreement with earlier observations

4.4.2. Technetium-99 in surface sea water collected off

West Greenland in 1984

At the CSS Baffin cruise to Thule in 1984 four large (~ 1 n3)
sea water samples were collected and the Tc was precipitated on
board with Fe(OH)2). We made double determinations at each of
the two locations. The two duplicates were spiked with 9Tmp o

tracer, in order to determine the yield.

The sample from Aug 3 was colected in Arctic water and the 991c

concentration is as expected higher in this sample due to a con-
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Table 4.4.1. Techngtium-99, "s: and lJTC. in seaweed samples from various locations
ia the morthecn Mocth Atlantic. (Umat: Bq kg" dcy weight)

Location Species Date ”fc ’osl' '37Cs 2”'2“?;: I“M
Danebor
1“!9'.‘20°IS'! Pu. Aug 9, 1982 5.8
Trondh jems Fjord
63°35°'u 09%4é fu.ve. Aug 13, 1984 st 4.5

- Pu.se. -" - (17 5.6
l.oqyurbys Svalbard
78°13'n 15%0°e ru.di, July 29, 1985 13.8
Je
.,5::!. 02%02°'w Fu.ve. April 15, 1986 1080
ch- onrd
63"35'm 09%é e Pu.ve. Aug 19, 1985 a7

-" - Fu.se. -® - Ly
c is

$2'n 09°25°'% Fu.sp. nay 10, 1985 0.56 0.21 A 0.6 A 0.080 0.021

V;so
47°15'n 08%43'w Fu.sp. Ray 11, 1985 0.74 0.09 B 0.88. A 0.086 A -
Grjndavik
63°S0°'m 22°27°w As.no. Oct 10, 1985 2.3 0.20 A 0.22 A

Pu.: Pucus disticus or vesiculosus; Pu.ve.: Pucus vesiculosus; Fu.di.: Pucus disticus;

Pu.se.: Pucus serratus; Pu.sp.: Pucus spiralis; As.no.:

Ascophyllum nodosunm,

Table ‘.‘.2.

West Greenland in August 1984

Technetium-99 in surface sea water collected off

Location Date Temp. Salinity Bg 99Tc m’3
o 0/00

57°18'N 54°40'w Aug 1 8.5 33.8 0.0160,003

63°29'N 53°38'w Aug 3 1.9 32.0 0.045:0,017

The error term is 1 S.E.

of double determinations.
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stitution of Sellafield-derived 99¢c. The observed concentration
of 99Tc off West Greenland is in good agreement with an expected
transfer factor from Sellafield?) in the order of 1 Bq m-3 per

PBq yr".

4.5, Studies of 908: and 137Cs in surface sea water

collected off West Greenland by the Greenland Fisheries and

Environmental Research Institute

The systematic sampling of sea water along the Greenland west
coast, which began in 19834), was continued in 1985. The mean

137¢cs were 4.7 Bq m3

contents of in the July as well as in the
November sampling. This was the same mean as observed in the
sampling in June-July 1984, but lower than the corresponding
samples from November 1984, The 905y concentrations were ap-
proximately 80% of those observed in 1984. Two 1low salinity
samples from July 1985 (Table 4.5.1) contained relatively high
90g, concentrations (3.7 Bgq m'3). This is in agreement with ob-
servations made earlier?). The 137Cs/9°Sr is in general higher
than expected for global fallout. Minor amounts of 137¢cg from
Sellafield in West Greenland waters are undoubtedly the reason
for this observation. As in 1983 and 1984 the 137Cs concentra-
tions show a decreasing tendency from south to north. This is

in particular evident for the stations closest to the coast.



Table 4.5.1.

West Greenland in July 1985

Strontium-90 and Cesiu®-137 in surface sea water off

Latitude Longitude Name of Location 9055 '37C§3 Salinity
N w Bg m Bg m o/o0
64%01° 52019 Fylla Bank (Nuuk) 2.9 5.3 32.3
63958 52044° - . - 6.1 33.0
63955 5307 - - 3.0 6.0 32.0
63953* 53922 - - - 5.4 33.6
63°48° 53956 - 2.1 4.2 34.2
65°06°* 53%00°* Sukkertopoe (Maniitsoq) 3.0 5.0 33.5
65906 53059: - . - 5.3 33.4
65%06* 54058 - - 2.4 5.1 33.7
66953 54°10°* Holsteinsborg (Sisimiut) - 4.3 33.8
66%46° 55°3¢° - - 3.7 4.3 26.3
66°41°" 56°38° - " - - 4.5 33.6
67934 57%10° Intermediate Station 2.8 4.6 33,0
68°00° 55°00°* Egedesminde (Aasiaat) - 4.2 33.9
68°04° 56°00° - - 2.4 4.5 33.5
68°%08" 57°17° - - 8.1 33.4
68%14° 58°40° -" - 3.7 3.9 31.9
68043 55903 Disko rende - 4.6 33,9
6942 51928 Arveprinsen 2.4 3.6 33.1
68055 52024 Skansen-Akunag - 3.7 33,2
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Vest Greenland in Noveamber 1985

Strontium-90 and Cesium-1)7 in surface sea wvater off

Latitude Longitude Name of Location Sty Cs, Salinity
] L] Bgm Bg m o/oo
4% 52°19° Fylla Bank (Nuuk) 2.9 5.7 33.0
63955 53°07° - - 2.5 4.0 313.7
6€3%8' 53956 ° - - 2.6 4.1 33.8
65°06* $3900° sukkertoppen (Maniitsoq) 2.7 5.9 33.3
€5°06° 53959 - - 2.8 5.2 33.3
6€5°06° 54958°* - - 2.6 4.4 33.9
66953 54°10* Holsteinsborg (Sisimiut) 2.8 5.2 33.0
66°46° 55936 ° - - 2.8 5.0 33.0
66%1° 56938° - - 2.7 4.4 330
67°34" 57910° Intermediate Station 3.6 4.5 32.7
68°00° 55%00° Egedesminde (Aasiaat) 3.0 4.7 32.9
68°04" 56°00° -"- 2.6 4.3 32.8
68°08" 57°17° - 2.7 4.6 32,7
68%43° 55903° Disko rende 3.0 4.7 32,7
69°08°* 58924 - - 3.2 4.8 32,7
69°30° 58920° Disko Fjord 3.0 4.4 32.7
70°%34° 54°47° Hare @ North 2.4 3.9 33.2
68955 52024 Skansen-Akunag 3.2 4.5 32.6

Table 4.5.3. Analysis of variance of 1ln Bg g, -3 surface sea
1984, and 1985

water off West Greenland in July and November 1983,

SSD £ g2

Variation v P
Between locations 0.563 29 0.019 0.778 -
Between months 1,224 5 0.245 9.809 >99,95%
Month x loc. 1,447 58 0.025 0.790 -

Remainder

0.063 2 0.032
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Table 4.5.4. Analysis of variance of 1ln Bg 137

cs m3

surface sea

water off West Greenland in July and November 1983, 1984, and 1985

Variation SSD f s v

Between locations 1.170 30 0.039 3.052
Between months 0.623 5 0.125 9,748
Month x loc. 0.844 66 0.013 1.140

Remainder 0.022 2 0.011

>99.95%

>99,95%
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