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reported. Beside radiocesium and '"Sr some of these samples 
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ABBREVIATIONS AND UNITS 

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

Gy: gray: the unit of absorbed dose = 1 J kg~1 (= 100 rad) 

Sv* sievert: the unit of dose equivalent = 1 J kg"** (= 100 rem) 

Bq: becquerel: the unit of radioactivity = 1 s~̂  (= 27 pCi) 

ALI: annual limit of intake (according to ICRP) 

cal: 

rad: 

rem: 

Ci: 
E: 

P: 
T: 

G: 

M: 

k: 

m: 

u: 
n: 

ps 
f: 

a: 

calorie = 4.186 J 

0.01 Gy 

0.01 Sv 

curie: 3.7»1010 B* 
exa: 1018 

peta: 1015 

tera: 1012 

giga: 109 

mega: 10*> 

kilo: 103 

milli: 10"3 

mikro: 10""6 

nano: 10~9 

pico: 10~12 

femto: 10"15 

atto: 10-18 

Bq (= 2.22»1012 dpm) 

pro capite: per individual 

TNT: trinitrotoluol; 1 Nt TNT: nuclear explosives equivalent 

to 109 kg TNT. 

a"': per annum 

OR: observed ratio 

CF: concentration factor 

MR: micro-roentgen, 10~6 roentgen 

S.U.: pCi 90Sr (g Ca)"1 

O.R.: observed ratio 

M.U.: pCi 137Cs (g K)"1 
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V: 

m: 

f: 

vertebrae 
male 

female 

nSr: natural (stable) Sr 

eqv. mg KCl: equivalents mg RCl: activity as from 1 mg RC1 

(~ 0.88 dpm). 1 g R ~ 756 pCi ~ 28 Bq. 

S.D.: standard deviation: = V-15=TT 

/ n(n-1) 

(n-1) 

2 

(n-1)~ 
S.E.: standard error 

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(x-Xi) 

f: degrees of freedom 

s^: variance 

v^: ratio between the variance in question and the 

residual variance 

P: probability fractile of the distribution in question 

n: 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 > 95%) 

** : significant (P > 99%) 

***: highly significant (P > 99.9%) 



- 7 -

1. GENERAL INTRODUCTION 

Since 1962 we have published separate annual reports for the 

Environmental Radioactivity in the Faroes'' and in Greenland2'. 

The reports on and after 1983 will be contained in the new 

series: "Environmental Radioactivity in the North Atlantic 

Region. The Faroe Islands and Greenland included" of which 

the present report is the first. 

Chapter 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, include sea water data from the Faroe Islands and 

Greenland. Chapter 4 also includes results from samplings 

carried out in earlier years. 
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2. ENVIRONMENTAL RADIOACTIVITY IN THE FAROE ISLANDS 

IN 1983 

2.1. Introduction 

2.1.1. 

The fallout programme for the Faroes, which was initiated in 

1962^) in close co-operation with the National Health Service 

and the chief physician of the Faroes, was continued in 1983. 

Samples of human bone were obtained in 1983 from Dronning 

Alexandrine's Hospital in Thorshavn. 

7°W 

62°N 62°N 

7°W 

fig. 2.1. The Faroese Islands. 
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2.1.2. 

The present report will not repeat information concerning sample 

collection and analysis already given in Risø Reports Nos. 64, 

86, 108, 131, 155, 181, 202, 221, 246, 266, 292, 306, 324, 346, 

361, 387, 4C4, 422, 448, 470 and 4881). 

2.1.3. 

The estimated mean diet of the Faroese as used in this toport 

is still mased on the estimate given by the late Professor E. 

Hoff-Jørgensen, 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 Risø Report No. 509 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 9®Sv content in precipitation collected at 

Højvig (near Thorshavn) and Klaksvig in 1983. The amount of 

fallout at Højvig was a factor of 1.2 greater than that found 

at Klaksvig. 

The 90Sr fallout in 1983 was approximately 0.5 times of the 

1982 levels in the Faroes. In Denmark the 1983 levels were 0.8 

times the 1982 levels2). 
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Table 2 . 2 . 1 . 1 . Stront ium-90 in p r e c i p i t a t i o n in the Faroes in 1983 (sampl ing 

area = 0. 

Jan-April 

May-June 

July-Aug 

Sept-Dec 

02 m2) 

Bq m-3 

2.0 

4.1 A 

6.4 

1.96 

Hojvig 

Bq m~2 

0.91 

0.43 A 

0.63 

1.40 

Bq m~3 

1.50 

3.2 

12.0 

0.45 B 

Klaksv ig 

Bq m~2 

1.20 

0.70 

0.42 

0.43 B 

1983 2.5 Z J .37 
Zm 1.363 

1.36 Z 2 . 7 5 
Zm 2 .020 

1983 0 .067 pCi l - 1 t 0 .091 mCi km"2 0 . 0 3 7 pCi l" 1 Z 0 .074 mCr km"2 

6 -

5 -

v. 
o øi 

CT 
CD 

A -

3 -

2 -

1 -

Fig. 2.2.1. Accumulated 90Sr at Klaksvig and Højvig calculated 

from precipitation measurements since 1962. The accumulated 

fallout by 1962 was estimated from the Danish fallout Jata (cf. 

Risø Report No. 5093>, Appendix D) and from the ratio between 

the 90Sr fallout at the Faroese stations and the fallout in 

Denmark in the period 1962-1983 {cf. Table 2.2.1.2). 
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Table 2 . 2 . 1 . 2 . Fal lout r a t e s and accumulated f a l l o u t (Bq , 0 S r 

m"2) in the Faroes 1950-1983 

Hojviq Klaksvig 

Åi d« 
L < 2 9 ) * 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1.08 

5.21 

10.21 

25.78 

98.02 

128.96 

159.90 

159.90 

221.82 

314.64 

58.78 

76.36 

1.06 

6.12 

15.94 

40.74 

135.48 

258.20 

408.22 

554.70 

758.18 

1047.48 

1080.14 

1129.19 

2.15 

10.34 

20.27 

51.18 

194.58 

256.00 

317.41 

317.41 

440.34 

624.58 

116.69 

151.59 

2.10 

12.14 

31.64 

80.87 

268.94 

512.54 

810.34 

1101.12 

1505.05 

2079.33 

2144.16 

2241.52 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

383.01 

9'3.00 

544.00 

181.00 

112.00 

94.70 

44.00 

41.10 

53.60 

101.00 

34.40 

24.20 

33.80 

34.40 

8.88 

27.40 

37.30 

13.90 

11.70 

22.50 

7.75 

3.37 

1476.48 

2333.05 

2809.10 

2919.48 

2959.88 

2982.44 

2954.96 

2925.30 

2908.54 

2938.46 

2902.65 

2857.73 

2823.23 

2790.14 

2732.91 

2695.12 

2667.89 

261«.45 

2568.03 

2529.35 

2477.18 

2421.96 

760.31 

1503.00 

1363.00 

436.00 

289.00 

182.00 

55.50 

65.10 

141.00 

156.00 

55.10 

26.50 

58.80 

47.80 

21.60 

34.40 

47.60 

22.20 

12.60 

26.70 

4.79 

2.75 

2930.93 

4329.21 

5557.77 

5852.21 

5996.17 

6032.25 

5943.97 

5867.15 

5866.25 

5880.02 

5794.94 

5683.95 

5607. 12 

5521.36 

5412.05 

5317.81 

5238.69 

5136.64 

5027.63 

4934.95 

4823.08 

4711.95 

1950-1961: are estimated values based upon HASL data (HASL 

Appendix 291, 1975) considering that the mean ratio between 

"°Sr fallout in Denmark and New York was 0.7 in the period 

1962-1974 and that the mean ratios between 90Sr fallout in 

Hojvig cind Denmark and between Klaksvig and Denmark are 1.39 

and 2.76, respectively5'. 
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2.2.2. Strontium-90 and Cesium-137 in Faroese grass 

Grass samples were collected near Thorshavn in 1983. Table 2.2.2 

shows the results. The 1983 137Cs mean level in grass was 0.95 

times the 1982 level. As compared with Danish grass in 19833) 

we found the ^Sr level (Bq (kg Ca)"1) in the Faroese grass to 

be higher by a factor of approximately 8.4 in the summer months. 

Table 2.2.2. Strontium-90 and Cesium-137 in grass from Thorshavn 1983 

Month Bq 90Sr kg"1 Bq 90Sr (kg Ca) _ 1 Bq 137Cs kg-1 Bq 137Cs (kg K ) - ' ,37Cs/90Sr 

June 1.45 5300 8.7 2100 6.0 

A^ust 1.45 5200 9.1 2500 6.3 

2.2.3. Strontium-90 and Cesium-137 in Faroese milk 

,s in previous years 1 ) , weekly samples of fresh milk were op-

tained from Thorshavn, Klaksvig, and Tværå. Strontium-90 and 
137Cs were determined in bulked monthly samples. 

Table 2.2.3.1 shows the results and Tables 2.2.3.2, 2.2.3.3 and 

2.2.3.4 the analysis of variance of the Bq 90Sr ''g Ca)"1, Bq 
137Cs (kg K)~ 1, and Bq 137Cs m~3 figures, respectively. As also 

observed in previous years, the variation between locations was 

significant for 137Cs as well as for 90Sr. The highest levels 

were found in the milk from Klaksvig, and the lowest in Thors

havn milk. 

Figure 2.2.3.1 shows the quarterly Bq 90Sr (kg Ca)"1 values and 

Fig. 2.2.3.2 the quarterly Bq 137Cs m"3 levels since 1962. The 

annual mean values for 1983 were 197 Bq 90Sr (kg Ca)"1 (5.3 

S.U.) and 4300 Bq 137Cs m"3 (116 pCi 137Cs l" 1), i.e. the 90Sr 

levels in 1983 were 90% of the 1982 concentration, while the 
13"'Cs levels were approximately 98% of the 1982 mean levels. In 

Danish milk the 90Sr concentration in 1983 was 80% of the 1982 

level, and the 137Cs 1983 level was 73% of the 1982 content. 

The annual mean values of the ratio: Bq 137Cs (kg K)"1/Bq 90Sr 

(kg Ca)"1 in Faroese milk are shown in Fig. 2.2,3.3. The an

nual mean ratio in 1983 for the three locations was 12.3±2.2 

(1 S.E.). 



Table 2.2.3.1. Strontium-90 and Cesium-137 in milk from the Faroes in 1983 

Thorshavn Klaksvig TvarS Mean 

Month 

Jan 

Feb 

March 

April 

»ay 

June 

•I'Jly 

Aug 

Sept 

Oct 

Nov 

Dec 

Bq ™ 
(kq C 

1251 

116' 

103 ' 

117' 

123 

130 

176 

194 

152 

118 

»14 

128 

>Sr 
:a)"' 

?s 

-6 

•1 

•8 

Bq , 3 7Cs 
m"3 

2040 

1740 

1850 

1630 

1340 

1440 

2010 

2180 

1990 

1300 

1000 

1570 

Bq 1 3 7Cs 
(kg K ) - ' 

1210 

1090 

1110 

1000 

790 

890 

1390 

1510 

1350 

1060 

610 

910 

Bq 9°Sr 
(kg Ca)"' 

194*35 

159: 

244 

333 

201 

300 

276 

279 

225 

228 

268 

264 

tli 

(43 

t53 

Bq 1 3 7Cs 
m - 3 

5300 

3800 

8300 

7700 

7900 

6500 

6500 

6700 

5500 

6700 

8200 

7200 

Bq 1 3 7Cs 
(kg K ) - ' 

2900 

2040 

5100 

4300 

4400 

4200 

4200 

4400 

3300 

4300 

4400 

3500 

Bq 9 0Sr 
(kg Ca)"' 

119 

lo4t 

2251 

266 i 

205 

188 

234 

302 

267 

184 

244 

148 

:21 

20 

66 

Bq 1 3 7Cs 
m - 3 

1240 

4500 

4900 

4300 

5400 

3800 

5100 

7100 

6700 

4900 

4000 

3700 

Bq 1 3 7Cs 
(kg K ) - ' 

790 

2600 

290'J 

2700 

3100 

2200 

3000 

4100 

4000 

3100 

2200 

2300 

Bq 90Sr 
(kg Ca)"' 

146 

146 

191 

139 

176 

206 

229 

258 

215 

177 

199 

180 

Bq 1 3 7Cs 
m - 3 

2900 

3300 

5000 

4500 

4900 

3900 

4500 

5300 

4700 

4300 

4400 

4200 

Bq ' 3 

(kg K 

1630 

1910 

JOOO 

2700 

2800 

2400 

2900 

3.00 

2900 

2800 

2400 

2200 

lean 130 1670 1080 248 6700 3900 212 4600 2700 197 4300 2600 
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Table 2.2.3.2. Analysis of variance of In Bq 90Sr (kg Ca)"1 in 

Paroese milk in 1983 

Variation 

Between months 

Between locations 

Month x loc. 

Remainder 

(from Table 

S5D 

1.278 

3.613 

1.084 

0.469 

f 

11 

2 

22 

11 

2, .2.3.1) 

S2 

0.116 

1.807 

1.155 

0.043 

V2 

2.359 

36.679 

58.375 

P 

> 95% 

> 99.95* 

-

Table 2.2.3.3. Analysis of variance of In Bq 137Cs (kg K)"1 in 

Paroese milk in 1983 (from Table 2.2.3.1) 

Variation SSD f s2
 v

2 p 

Between months 

Between locations 

Remainde' 

1.235 

10.585 

2.218 

11 

2 

22 

0.112 

5.293 

0.101 

1.114 

52.498 

-

> 99.95% 

Table 2.2.3.4. Analysis r-l variance of In Bq 137Cs m~3 in Paroese 
milk in 1983 (from 

Variation 

Between months 

Between locations 

Remainder 

Table 2. 

SSO 

0.857 

11.860 

2.476 

2. ,1.1) 

f 

11 

2 

22 

82 

0.078 

5.930 

0.113 

V 2 

0.692 

52.687 

P 

> 99.95% 
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Pig. 2 .2 .3 .4 . A comparison between Paroese and Danish milk 

leve ls , 1962-1983. 
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Pigure 2.2.3.4 shovs a comparison between the 9^Sr an(j 137Cs 

levels in Faroese- and Danish-produced milk. It is evident that 

indirect contamination plays an important role for the 137Cs 

levels in the Faroes, because the ratio between 137Cs in Faroese 

and Danish milk increases when the fallout rate decreases. The 

ratios between the 9ftSr levels in Faroese and Danisk milk have 

shown a slight tendency to decrease through the years. 

2.2.4. Strontium-90 and Cesium-137 in Faroese terrestrial 

animals 

The mean concentration in lamb meat was 6.43 Bq 137Cs kg-1 in 

1983, but as Table 2.2.4 shows the levels from the three loca

tions varied by a factor of 24. The 9^Sr mean level in bone was 

1360 Bq 90Sr (kg Ca)"1 and in meat we found 0.07 Bq 90Sr kg-1. 

As it appears from Figs. 2.2.4.1 and 2.2.4.2 the 1983 concentra

tions followed the decreasing trend seen in the previous years. 

A sample of puffins contained less than 0.18 Bq 137Cs kg-1 meat 

and 0.8 (B) Bq 90Sr (kg Ca)-1 in the bones. In meat the concen

tration was 0.008 Bq 90Sr kg"1 (B). 

The lamb meat was also analysed for 210Po. The mean content was 

0.36 Bq 210Po kg-1 (±0.15, 1 S.D.). As the ALI value for
 137Cs 

is 40 times that of 210Po, the radiological hazard from 210Po 

in lamb meat was greater than that of 137Cs. 

Table 2.2.4. Strontium-90 and Cesium-137 in lamb collected In the Faroes in October 1983 

Location 

Thorshavn 

Tvara 

Klaksvig 

Sample 

Meat 

Heat 

neat 

type Bq »°Sr kg*' 

0.14 

0.03 

0.04 

Bq 
,0Sr (kg Ca)"1 

2300 (2000) 

56J ( 990) 

750 (1080) 

Bq '"c. 

14.S 

0.6 

4.2 

kg"' Bq 137 Cs (kg 

180 

4400 

1500 

Kl"' aq 2'Opo kg"' 

0.49 

0.19 

0.40 

Bone levels are shown in brackets. 
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Pig. 2.2.4.2. Cesium-137 (Bq (kq K)"1) in lamb bone collected 

in the Paroes, 1962-1983. 
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2.2.5. Strontiua-90 and Cesiua-137 in Paroese sea aniaals 

Table 2.2.5.1 shows the 137Cs levels in fish collected in 1983 

in the Faroes. The Mean levels in Gadus aeglefinus and Gadus 

callarias were 0.25 Bq 137Cs kg-1 and 0.003 Bq 90Sr kg-1. 

Whale seat froa 1983 contained 0.004 Bq 90Sr kg'1 (B) and 0.25 

Bq 137Cs kg-1 (85 Bq 137Cs (Kg K)~1). A whiting contained 0.25 

Bq 137Cs kg-1, i.e. in agreement with the other Gadus species. 

1.5 

o» 1.0 

£> 

S 

0.5 -

o Gadus callarias 
u Gadus aegtefinus 

40 

3 0 -

m 

20 tt 

10 

0.0 ' ' ' ' ' ' ' ' ' i i i i i i i i i 

65 70 75 80 85 
YEAR 

Pig. 2 .2 .5 .1 . Ce*iu»-U7 levels in Meat of cod (Gadus callarias) 
and Haddock (Gadus ae^lefimr ) collected in the Faroes, 1962-1983. 
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Tabl* 1 . 2 . S . I . Strontiva-M aW Casiua-137 i* f i s« flask frea taa Paraa« in 100) 

Saapl iaa 

naren 

Juna 

saat 

Dae 

Harrh 

Juaa 

Sapt 

Dae 

Seacias 

Gaaxu c a l l a r i a a 

- - -
- - -

Gaaus a a a l a f i t t j « 

- • -
- • -

Saapl* tysa 

Cod f l ash 

- - -

- • -

•aaien>; f l a s k 

- - -

•4 **st M"' 

• .003 

0.002 

0.005 

0 .00* 

0.001 

0 .001 

0 .00 ] 

0 .001 

0 

• 

A 

0 

0 

0 

0 

o> »•sr <M c a r ' 

2« 

20 

44 

12« 

7 

23 

17 

IS 

0 

0 

A 

0 

0 

0 

0 

• 0 ' » \ l 

0 .20 

0 . 2 * 

0 .21 

0.2S 

0.10 

0 . 2 * 

0 . 2 * 

0 .22 

*•-' 00 
, , 7 C l <>• ( 1 

74 

71 

«2 

( 1 

S2 

M 

«• 
to 

2.2.6. Strontium-90 in Faroese 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 90Sr than that from Klaksvig and Tværå (cf. the 

explanation in Risø Report No. 1811). The mean level in 1983 

was 5.1 Bq 9°Sr m~3 (0.14 pCi l""1), i.e. a little lower than in 

1982. 

Pigure 2.2.6.1 shows the annual mean levels of 90gr in drinking 

water from the three locations since 1962. 

Table 2.2.6.1. Strontium-90 in drinking water 

from the Paroes in 1983 (Unit: Bq m~3) 

Thorshavn Klaksvig Tvara 

Jan-June 8.8 1.7 6.1 

July-Dec 6.0 2.7 5.2 

1982 7.4 2.2 5.7 
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Fig. 2.2.6.1. Strontiu*-90 in drinking water fro« the Faroes, 

1962-1983. 

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

samples 

2.2.7.1. Faroese soil 

No samples in 1983. 

2.2.7.2. Faroese sea water 

Cf. Chapter 4 and Fig. 2.2.7.2. 

2.2.7.3. Faroese sea plants 

Table 2.2.7.3. shows the *°Sr and 137Cs contents in Laminaria 

and Fucus collected in 1983. 
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Pig. 2.2.7.2. Strontiu*-90 and Cesium-137 in Faroese sea water, 

1962-1983. 

Table 2.2.7.2. Strontium-90 and Cesium->37 in surface 

sea water 

Sampling 
month 

April 

August 

December 

from 

Bq 

the Paroes 

90Sr 

2.4 

2.6 

2.5 

m" •3 

in 1983 

Bq 137Cs 

3. 

3. 

2. 

.9 

.4 

.9 

m-3 Salinity 
o/oo 

35.3 

35.2 

34.7 

1983 2.5 3.4 35.1 
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Pig. 2 . 2 . 7 . 3 . Strontium-90 (Bq (kg Ca)"1) in sea plants col lected 
at Thorshavn, 1962-1983. 

Table 2 . 2 . 7 . 3 . Radionuclides in Paroese seaweed 

co l l ec ted in August 1983 

Laminaria Fucus 

Bq 9 0 S r kg"1 dry 

Bq 9 0 S r ( k g c a ) - 1 

Bq 1 3 7 C s k g - 1 dry 

Bq 1 3 7 C s (kg K)"1 

0 .49 

25 

0 . 7 3 A 

15 A 

-

98 

0 . 8 3 

26 

Fresh weight/dry weight 6.42 5.33 
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2 . 2 . 7 . 4 . Faroese v e g e t a b l e s 

Three samples of po ta toes were analysed in 1983. The mean con

t e n t was 0.22 Bq 9 0 S r kg"1 (6700 Bq 9 0 S r (kg Ca)"1) and 12.1 Bq 
1 3 7 C s kg"1 (2900 Bq 1 3 7 Cs (kg K ) " 1 ) . Potatoes from Tværå con

tained nearly 100 times higher 1 3 7 Cs l e v e l s than those from 

Thorshavn. 

Table 2 .2 .7 .4 . Radionuclides in Paroese potatoes 
collected in November 1983 

Thorshavn Klaksvig T v a r å 

Bq 90Sr kg"1 

Bq 90Sr (kg Ca)'1 

Bq 1 3 7 C s k g - 1 

Bq 1 3 7 C s (kg K ) - 1 

0.08 

1280 

0.36 

94 

0.39 

13200 

3.3 

810 

0.19 

5700 

32.6 

7900 
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Pig. 2 . 2 . 7 . 4 . 1 . Osium-137 in Faroes« potatoes, 1962-19S3. 
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Fig. 2 . ' . 7 . 4 . 2 . Strontium-90 in Faroese potatoes , 1962-1983. 

2.2.7.5. Faroese bread 

Rye bread and wl. te' bread • rre collected at Thorshavn in June. 

The levels in white bread were 0.14 Bq 90gr kg
-1 and 0.04 Bq 

^37Cs kg"^. The rye bread collected in 1983 contained 0.24 Bq 
9 0S" kg~^ and 0.10 Bq 13^Cs kg~^. The bread levels were thus 

significantly lower than those in 1982. 

The 137Cs and 90Sr (kg-1) levels in Faroese rye bread were gen

erally lower than the corresponding Danish3', but the white 

bread concentrations were similar. 

Table 2.7.7. 5. Stror.tium-90 and Cesium-137 in Faroese bread in June 1983 

Sort 

White bread 

Rye bread 

Bq 90Sr kg"1 

0.14 

0.24 

Bq 90Sr (kg Ca)"1 

109 

110 

Bq 137Cs kg"1 

0.04 A 

0. i0 

Bq 137Cs (kg K)" 1 

24 A 

43 
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2.2.7.6. Faroese eggs 

Eggs were collected from Thorshavn in June 1983. The levels of 

hens eggs were 0.091 Bq 90Sr kg-1 (164 Bq (kg Ca)~1 and 0.22 Bq 
137CS k g-1. 

2.2.8. Humans from the Faroes 

2.2.8.1. Strontium-90 in human bone 

In 1983 three human bone samples were obtained from Dronning 

Alexandrine's Hospital in Thorshavn. Table 2.2.8.1 shows the 

results. 

The mean content of femur samples was 67 Bq ^nSr (kg C a ) - 1 ( 1 . 8 

pCi 9 0 S r (g C a ) _ 1 ) . 

Compared to Danish vertebrae in 19832^ the Faroese samples of 
femur contained approximately 2-3 times as much 9^Sr. 

Table 2 .2 .8 .1 . Strontium-90 in human bone collected in the Faroes 
in 1983 

Age Bone type Sex Bq *uSr (kg Ca)"1 S.U. 

84 years Femur 

89 years Femur 

85 years Femur 

Amputation 
_ n 

F 

P 

F 

50 1.35 

84 2.27 

68 1.84 
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2.3. Estimate of the mean contents of ^Sr and 137Cs in the 

Faroese human diet in 1983 

2,3.1. Annual quantities 

The annual quantities are still based on the estimate made by 

the late Professor E. Hoff-Jørgensen, Ph.D., in 19621) assuming 

a daily pro capite intake of approximately 3000 calories (12.6 

MJ). 

2.3.2. Milk and ~ream 

75% of the milk consumed in the Faroes is assumed to be of 

local origin, and 25% comes from Denmark. Hence the 90gr con

tent in milk consumed in the Faroes in 1983 was 1.2»(0.75»0.197 

+ 0.25*0.080) = 0.201 Bq 90Sr kg"1, and the 137Cs content was 

0.75»4.3 + 0.25*0.076 = 3.24 Bq 137Cs kg-1 (cf. 2.2.3 and Ref. 

3). 1 kg milk contains 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: 0.68 Bq 9"Sr kg"1 

and 0.055 Bq 137Cs kg-1. 

2.3.4. Grain products 

As most grain products are imported from Denmark, the Danish 

figures for 19833) 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 wheat flour, 

and 20 g grits. Hence the mean concentration of ^Sr in grain 

products consumed in the Faroes in 1983 is 0.29 Bq 90Sr kg"1 

and 0.091 Bq 137Cs kg-1. 

2.3.5. Potatoes 

All potatoes consumed in the Faroes are assumed to be of local 

origin. The values from 2.2. 

kg"1 and 12.1 Bq 137Cs kg"1. 

origin. The values from 2.2.7.4 were used, i.e. 0.22 Bq 90Sr 
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2.3.6. Other vegetables and fruit 

As the amount of vegetables and fruit grown in the Faroes is 

limited, the Danish figures from 19833) were used. Thus the 

mean contents in vegetables other than potatoes were 0.36 Bq 
90Sr kg-1 and 0.11 Bq 137Cs kg-1, and the mean contents in 

fruit were 0.075 Bq 50Sr kg"1 and 0.029 Bq 137Cs kg-1. 

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 1983, i.e. 

0.07 Bq 90Sr kg-1 and 6.43 Bq 137Cs kg"1. Whale meat contained 

0.004 Bq 90Sr kg-1 and 0.25 Bq 137Cs kg"1, sea birds contained 

0.008 Bq 90Sr kg"1 and < 0.18 Bq 137Cs kg"1, and eggs (cf. 

2.2.4 and 2.2.7.6): 0.091 Bq 90Sr kg"1 and 0.22 Bq 137Cs kg'1. 

Hence we estimate the mean content of 90Sr in meat and eggs 

consumed in 1983 to be 

0.50-0.07 + 0.25*0.004 + 0.25*(°'008^°t0?1 ) = 0.048 Bq 90Sr kg-1 

and the 137Cs content to be 

0.50-6.43 + 0.25.0.25 + 0.25*(Ql18+Q.22) = 3.33 Bq 137Cs kg"1. 

2.3.8. Fish 

All fish consumed in the Faroes is of local origin, and the 

mean contents in fish, obtained from subsection 2.2.5, were 

0.003 Bq 90Sr kg"1 and 0.25 Bq 137Cs kg"1. 

2 . 3 . 9 . Coffee and tea 

The Danish figures for 19833) were used, i.e. 0.87 Bq 90Sr kg"1 

and 2.53 Bq 137Cs kg"1. 
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2 . 3 . 1 0 . Drinking water 
The mean value found in Table 2 . 2 . 6 . 1 was used, i . e . 0.0051 Bq 
9 0 S r k g - 1 . The 1 3 7 Cs content was est imated to be approximately 

one fourth ( the r a t i o found in New York tap water in 1964 4 h of 

the 9 0 Sr c o n t e n t , i . e . 0.0013 Cq 1 3 7 Cs k g - 1 . 

Tables 2 .3 .1 and 2 . 3 . 2 show the d i e t e s t i m a t e s of 9 0 Sr and 

137<2Sf r e s p e c t i v e l y . 

Table 2 .3 .1 . Estimate of the mean content of 9 0Sr in the human 
diet in the Faroe 

Type of food 

Milk and cream 

Cheese 

Grain products 

Potatoes 

Vegetables 

Fruit 

Neat and eggs 

Fish 

Coffee and tea 

Drinking wa?-er 

Total 

> Islands 

Annual 
quantity 
in kg 

146 

7.3 

80 

91 

20 

18 

37 

91 

7.3 

548 

in 1983 

Bq 90Sr 
per kg 

0.201 

0.68 

0.29 

0.22 

0.36 

0.075 

0.048 

0.003 

0.87 

0.0051 

T°£ai 
Bq 90Sr 

29.35 

4.96 

23.20 

20.02 

7.20 

1.35 

1.78 

0.27 

6.35 

2.79 

97.27 

Percentage of 
total Bq 90Sr 

in food 

30.2 

5.1 

23.8 

20.6 

7.4 

1.4 

1.8 

0.3 

6.5 

2.9 

The mean annual calcium intake i s estimated to be 0.6 kg 
(approx. 200-250 g of oreta praeparata). Hence the ratio: 
Bq 90Sr (kg Ca)~1 in total Faroese diet was 162 (4.4 pCi 
90Sr (g Car 1 ) . 
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Fig. 2.3.1. Strontium-90 in Faroese diet, 1962-1983. 

Table 2 . 3 . 2 . Est imate of 

d i e t in the Faro« 

Type of food 

HiIk and cream 

Cheese 

Grain p r o d u c t s 

P o t a t o e s 

V e g e t a b l e s 

F r u i t 

Meat and e g g s 

Fish 

Cof fee and t ea 

Drinking water 

T o t a l 

I s l a n d s 

Annual 
q u a n t i t y 

in kg 

146 

7 . 3 

80 

91 

20 

18 

37 

91 

7 . 3 

548 

the mean c o n t e n t of 1 3 7 

in 1983 

Bq 1 3 7 C s 
per kg 

3 . 2 4 

0 .055 

0.091 

12.1 

0 .11 

0 .029 

3 . 3 3 

0 . 2 5 

2 . 5 3 

0 .0013 

T o t a l 
Bq 1 3 7 C s 

4 7 3 . 0 

0 . 4 

7 . 3 

1101.1 

2 . 2 

0 . 5 

123 .2 

2 2 . 8 

18 .5 

0 . 7 

1749.7 

Cs in the human 

P e r c e n t a g e of 
t o t a l Bq 1 3 7 C s 

i n food 

2 7 . 0 

0 

0 . 4 

6 2 . 9 

0 .1 

0 

7 .1 

1 .3 

1.1 

0 .1 

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

1.2 kg. Hence the ratio: Bq 137Cs {kg K ) _ 1 becomes 1458 (39.4 

pCi 137Cs (g K)" 1). 
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Fig. 2.3.2. Cesium-137 in Faroese diet, 1962-1983. 

2.3.11. Discussion 

Pigures 2.3.1 and 2.3.2 show the Faroese diet levels since 

1962. 

The 1983 90Sr level in the total Faroese diet wa? 72% of the 

1982 concentration, and the 137Cs level was 93% of that observed 

in 1982. 

The main contributors to the ^nSr content in the Faroese diet 

were milk products, cereals and potatoes, which together ac

counted for appeoximately 80% of the total 90Sr content in the 

diet in 1983. As regards 137Cs, potatoes, milk products and 

meat (lamb) were the most important contributors. In 1983, 97% 

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

products. 

The Faroese mean diet contained 1.3 times as much 9"Sr and ap

proximately 17 times as much 137Cs as the Danish diet in 19833'. 

As earlier1^ mentioned, the year-to-year variations in the 

^37Cs estimates for Faroese diet are markedly influenced by the 

mutton and potatoe samples obtained for analysis. 
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2.4. Conclusion 

2.4.1. 

The 90Sr fallout rate in the Faroes in 1983 was approximately 

3 Bq 90Sr m~2 (0.08 mCi km - 2). The accumulated fallout by the 

end of 1983 was estimated at approximately 3600 Bq 90Sr m~2 (96 

mCi km-2) (the mean at Thorshavn and Klaksvig). 

2.4.2. 

The mean level of '^Sr in Faroese milk was 197 Bq (kg Ca)"1 

(5.3 pCi (g Ca)"1). The 137Cs concentration was 4300 Bq 137Cs 

m"3 (116 pCi l"1). 

Lamb contained 6.4 Bq 137Cs kg-1 (174 pCi kg"1) in 1983. Fish 

showed a mean level of 0.25 Bq 137Cs kg"1 (6.8 pCi kg-1)-

The mean content of '"Sr in drinking water was 5.1 Bq m~3 

(0.14 pCi 1 _ 1). 

The mean daily pro capite intakes resulting from the Faroese 

diet in 1983 were estimated at 0.27 Bq 90Sr (7.2 pCi d~1) and 

4.8 Bq 137Cs (129 pCi d _ 1 ) . 

2.4.3. 

From the measurements on Faroese human bones (only femur), the 

Faroese bone level in 1983 was estimated at 67 Bq 90Sr (kg 

Ca)~1 (1.8 pCi (g Ca)"1). 

The mean content of 137Cs in the Faroese adult was estimated at 

approximately 4400 Bq 137Cs (kg K) - 1 (118 pCi (g K) - 1). This 

estimate is based on the diet estimate. 
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APPENDIX 2A 

Predictions and observations of 9nSr and ^ 7Cs in Paroese 
. i - ~ 

samples in 1983 

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

on data collected 1962-19765'. If the predictions for previous 

years 1977-19821) were considered too, we conclude that the 

model for 90 Sr in milk overestimates the level and so do the 

model for 137Cs in milk from Tværå. The following models under

estimate the concentrations: 90Sr in cod fish and 137cs ^n milk 

from Klaksvig. 

Tattle 2A. comparison between observed and predicted "sr and ,)7Cs concentrations in Paroese saaales 
collected in I M ] 

Saaple 

Orinkina vater. 

„, • — 

~ ~ f 

Sea water 

Rye bread 

white bread 

Rye bread 

Milt« bread 

Grass 

— • — 

Potatoes 

Milk 

Milk Thorshavn 

flilk Rlaksviq 

Hi Ik Tvara 

Cod fish 

_ • — 

Law seat 

_ • _ 

taab bone 

Whale . 

Sea birds 

Thorshavn 

Klaksvig 

Tvara 

•i 

•q 

•q 

•q 

•q 

•q 

*q 

•q 

•q 

•q 

•q 

•q 

»q 

•q 

•q 

-t 

Unit 

M S r .-J 

- - -

- - -

- - -

*>sr k 9-i 

- - -
,J7Cs M - ' 

— * -

•°Sr (kq Caj"' 

, 3 7Cs (kq «J _ I 

M S r k9-» 

, J 7Ct k,-' 

»°Sr (ko Ca»"' 

, J 7 c . •-> 

~ • » 

*°Sr (kq Ca)"' 

^C* kq-' 

•°Sr (kq ca>"' 

, 3 7C» (kq * ) " ' 

»°Sr (kq Car' 

»°sr kq-' 

, J 7 C . k,"' 

_ • „ 

Observed 

*i s.e. 

7.4 

2.2 

5.7 

2.5 

0.24 

0.14 

0.10 

0.04 

5300 

2300 

0.22 

12.1 

1*7 

1(70 

•700 

4*00 

}* 

0.2$ 

1200 

2030 

13(0 

»1.4 

to. 5 

«O.S 

to.o« 

tlOO 

1200 

»0.09 

HO.3 

*I0 

tlOO 

1400 

<400 

t12 

to.01 

t <00 

t 1250 

t 300 

0.004 

0.25 

<0.1l 

Hnaber 
or 

saaples 

12 

12 

12 

12 
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3. ENVIRONMENTAL RADIOACTIVITY IN GREENLAND IN 1983 

3.1. Introduction 

3.1.1. 

In 1983 the sampling programme was similar to that used in pre

vious years bur for a few minor modifications. 

3.1.2. 

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 Pishery Investigations 

of Greenland (GFU). 

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-Jørgensen, Ph.D. 

3.1.4. 

The environmental studies in Greenland were carried out together 

with corresponding investigations in Denmark (cf. Risø Report 

No. 5093)) and in the Faroes (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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80°N 60°W 40°W 20°W 80°N 

Pig. 3.1. Greenland. 

3.2, Results and discussion 

3.2.1. Strontium-90 in Greenland precipitation 

Table 3.2.1.1 shows the results of the measurements. 

The 90sr fallout in 1983 at the Greenland stations were nearly 

unchanged as compared with 1982. In Denmark3) and the Faroes 

(cf. 2.2.1) the fallout decreased by a factor of 0.8 and 1.2, 

respectively. 

Figure 3.2.1 shows the accumulated 90Sr at the various stations 

in Greenland, since measurements began in 1962. (Prins Christians 

Sund in 1983 was calculated from the di values at the other 

three stations assuming that the fallout rate at Prins Christians 

Sund was proportional to the accumulated fallout.) 
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T a b l e 9 . 2 . 1 . 2 . F a l l o u t r a t e s and accumulated f a l l o u t (»q » ~ z ) in Greenland 1950 -1983 

Scoresbysund Pr .Chr .Sund Godthåb Upernav ik 
(Rap T o b i n ) 

d i * i ( 2 9 ) <*» A i { 2 9 ) d i * » ( 2 9 ) <** A i [ 2 9 ) 

1950 

1951 
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1953 

1954 

1955 

195* 
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1940 

19«! 

1942 

• 9*3 

1944 
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1964 

1947 

1*44 

1949 

1970 

1971 
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1973 

1974 

1975 

197« 

1977 
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1979 
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1942 

191) 
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3 3 . 0 « 

4 3 . 4 9 
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7 4 . 0 1 
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3 . 2 . 2 . Radionuclides in Greenland sea water 
The d e t a i l e d r e s u l t s are shown in Chapter 4. Table 3 . 2 . 2 shows 
the samplings carried out from land by l o c a l people in 1983. 

Table 3 .2 .2 . Radionuclides in surface sea water collected in 
Greenland in August 1983 

Location Bq 90Sr m"3 Bq 137Cs »~3 Sal inity in o/oo 

Angmaqssalik S.78 6.98 30.1 

Godthåb 4.32 4.98 31.2 

3 . 2 . 3 . Strontium-90 and Cesium-137 in Greenland t e r r e s t r i a l 

animals 

Lamb samples were obtained from Greenland in 1983. The mean 

levels in lamb meat were 0.23 Bq 90Sr kg"- and 68.7 Bq 137Cs 

As it appears from Pig. 3.2.3 the 137Cs levels were similar to 

those observed in previous years. 

Table 3.2.3. Radionuclides in terrestrial ani*w!s in Greenland in 191) 

Bq »°Sr kq"' Bq wSr (kq CaJ"' Bq ,J7Cs M"' Bq ,37Cs fk<J • ) " ' 

Lm*> i 

Laat> I I 

La*b I I I 

•teat 

Neat 

Heat 

0.25 

0.1» 

0.2« 

2400 (1400) 

2900 (J200| 

2*00 (2»00) 

74 27000 

101 32000 

3T IJ000 

Bone levels are shown in brackets. 
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Fiq . 3 .2 .3 . Cesium-137 in Greenlandic mutton, 1962-1983. 

3.2.4. Strontium-90 and Cesium-137 in Greenland sea animals 

The mean levels in fish meat (cod and salmon) were: 0.015 Bq 
9CSr kg"1, 0.28 3q 1-*7cs kg-1. The mean levels in shrimps were 

0.044 Bq 90Sr kg"1 flesh and 0.070 Bq 137Cs kg"1. 

Table 3.2.4.1. Strontium-90 and Cesium-137 in sea animals collected in Greenland in 1983 

Locat ion 

West Cr en land 

- » -
_ • — 

Jacobshavn 

— • — 

Bone l e v e l s a r e 

Sample Bq 

Cod meat I 

I I 

Salmon meat I 

I I 

S.irimps f l e s h I 

Shrimps f l e s h I I 

shown I n b r a c k e t s . 

3 . 2 . 5 . Rad ionuc l i des i n 

»°Sr k g " ' 

0 .017 A 

0 . 0 2 2 A 

0 .009 A 

0 . 0 1 2 

0 . 0 5 8 

0.03C 

Greenl 

Bq 9 0 S r (kg C a ) " 1 

14 A ( 3 . 8 ) 

15.A ( 5 . 9 ) 

88 A ( 8 . 2 ) 

130 ( 6 . 0 ) 

96 

40 

Bq 1 3 7 C S k g " 1 

0 .38 

0 . 3 7 

0 .18 

0 . 2 0 

0 .05 A 

0 . 0 9 

and v e g e t a t i o n 

Bq 1 3 7 C s (kg K ) - ' 

108 

106 

47 

56 

59 A 

76 

The Greenland Fisheries and Environmental Research Institute 

collected Fucus vesiculosus on the Greenland west coast in 

1982 and 1983. Table 3.2.5 shows that the 90Sr concentrations 

were half of those found at Angmagssalik in 1982 (Risø R-489f 
3) 90« ,-1 Table A.2)J> (2.47 Bq *uSr kg"' d w ±0.8, 1 S.E., n = 4). The 

137os level w a s 3 times lower and the " T C concentration on the 

west coast was 2.3 times lower than that found at Angmagssalik 

in 1982. 
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Table 3 . 2 . S . Radionuclides in Fucuids c o l l e c t e d in West Greenland in 1982-1983 

Location Date Bq 9 0 Sr k g - 1 

d.w. 
Bq 9 9 Te kg"1 

d.w. 
Bq 1 3 7 Cs k g " 1 

d.w. 

Godthåb 

Ivigtut 

Umanak 
( 7 1 ° 0 7 ' N 5? "•19 'W) 

7 Aug 1982 

June 1982 

Sept 1983 

1.31 (146) 

1 . 3 6 (144) 

0 . 5 7 ( 37) 

3 . 7 9 

3 . 7 1 

3 . 6 5 0.77 

In brackets: Bq 9 0 Sr (kg Ca) _ 1 
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Fig. 3.2.5. Cesium-137 and Strontium-90 in lichen (fresh weight) 

collected aloi-.g the Greenlandic coast, 1962-1983. 

3.2.6. Strontiutn-90 and Tritium in Greenland drinking water 

Quarterly samples of drinking water were collected from a number 

of locations in Greenland. Table 3.2.6.1 shows the results from 

1983, and Fig. 3.2.6 the geometric annual means of all samples 

for the periou 1962-1983. 
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As in previous years, we found it most expedient to choose the 

geometric mean of all figures, i.e. 12 Bq 90Sr m~3 (0.33 pCi 

l"1 ) as representative of the mean level of 90Sr in Greenland 

drinking water in 1983, this level was lower than that observed 

in 1982, but in agreement with the previous years (Fig. 3.2.6). 

The levels in drinking water are still surprisingly high as 

compared to present rain concentrations (cf. Table 3.2.1.1). We 

have suggested that evaporation from the drinking water res

ervoirs was responsible for the higher ^°Sr levels. Tritium 

measurements show (Table 3.2.6.2) that the Greenland drinking 

water shows similar tritium levels as rain from Denmark3', 

hence evaporation seems to be a possible explanation. The high 
90Sr levels may, however, also be due to extraction of old 

deposited 90Sr activity from the soil by the water collected 

for drinking. This would also be compatible with "normal" tri

tium concentrations. 

Table 3.2.6.1. Strontium-90 in drinking water collected in 

Greenland in 1983. (Unit: Bq m~3) 

Location Jan-March April-June July-Sept Oct-Dec 

32 

3.8 5.7 

9.8 

8.3 

Danmarkshavn 

Scoresbysund 

Godthåb 

Upernavik 

42 

9.0 

27 

9.8 
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Table 3.2.6.2. Tritium in drinking water col

lected in Greenland in 1983. (Unit: kBq m~3) 

Location Jan-March Oct-Dec 

Danmarkshavn 

Scorebysund 

Godthåb 

Upernavik 

0.4 

1 

An empirically found tritium background of 

1.2 kBq has been subtracted from all results 

(cf. the discussion in Risa-R-509, 

Chapter 7)3>. 

T—r ~i—i—i—r—i—r—r—i—i—i—i—i—r—i—i—i—i—i—r 

- 2.0 

1.5 

A i.o g_ 
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a. 

Q I 1 I I i l I I I — i 1 — l — l — 1 _ 

- 0.5 

' ' ' ' ' ' I 0.0 
65 70 75 

YEAR 
80 85 

Fig. 3.2.6. Strontium-90 in Greenlandic drinking water 

(Geometric mean), 1962-1983. 
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3.3. Estimate of the mean contents of ^nSr and 137Cs in the 

human diet in Greenland in 1983 

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-Jørgensen, Ph.D., in Risø 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 1983 was 0.096 Bq 9^Sr kg-1 and 

0.076 Bq 137Cs kg-1 3 ) . 

Cheese was also imported from Denmark and contained 0.68 Bq ^Sr 

kg-1 and 0.055 Bq 137Cs kg-1. 

3.3.3. Grain products 

All grain was imported from Denmark. It is assumed that only 

grain from the harvest of 1982 was consumed in Greenland during 

1983. 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 prodncts was 

0.65, 0.10, 0.13, 0.48 and 0.20 Bq kg-1, respectively. Hence 

the mean content of Ôg,. £n grain products was 0.32 Bq kg
-*. 

The content of 137Cs in the five products was 0.18, 0.05, 0.09, 

0.13 and 0.05 Bq kg-1. Hence the mean content of 137Cs in grain 

products was 0.10 Bg kg-1. 

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 Risø Report No. 5093'. The 90Sr level in rye flour 

(70% extraction) was calculated analogously with the level in 

wheat flour (75% extraction), i.e. as one-fifth of the whole-

grain activity. The 137Cs content in rye flour (70% extraction) 
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was calculated as one half of the whole-grain level in rye in 

analogy with the ratio between 137Cs in whole wheat grain and 

in wheat flour (75% extraction)3). The 90Sr and 137Cs 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 1983 were used3' since the local 

production is insignificant compared with imports from Denmark. 

The Danish mean levels were: in potatoes 0.066 Bq 90Sr kg-1 and 

0.048 Bq 137Cs kg"1, in other vegetables 0.36 Bq 90Sr kg"1 and 

0.11 Bq 137Cs kg"1, and in fruit 0.075 Bq 90Sr kg-1 and 0.029 

Bq 137Cs kg-1. 

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 3.2.3. Reindeer, 

seal and whale were estimated from the 1982 data2*. The levels 

of sea birds and eggs were taken from the 1978 analyses2*. 

Hence the mean levels in Greenland meat from 1983 were 0.034 Bq 
90Sr kg"1 and 11.4 Bq 137Cs kg-1. 

(90Sr: 0.1x0.23 + 0.05x0.19 + 0.6x~0 + 0.05x0.003 

+ 0.2x0.007 = 0.034 Bq kg"1) 

(137Cs: 0.1x68.7 + 0.05x83 + 0.6x0.51 + 0.05x0.75 + 0.2x0.35 

= 11.4 Bq kg"1) 
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3.3.6. Fish 

/ll fish consumed was of local origin, and the mean levels (cod 

and salmon meat) from 3.2.4 were used, i.e. 0.015 Bq 9^Sr kg-1 

and 0.28 Bq 137Cs kg"1. 

3.3.7. Coffee and tea 

The Danish figures for 19833) were used for coffee and tea, 

i.e. 0.87 Bq 90Sr kg-1 and 2.53 Bq 137Cs kg"1. 

3.3.8. Drinking water 

The geometric mean calculated in 3.2.6 was used as the mean 

level of 90Sr in drinking water, i.e. 12 Bq 90Sr m~3. The 137Cs 

content was as previously^) estimated at 1/4 of the 9^Sr con

tent, i.e. approximately 3 Bq 137Cs m~3. 

Tables 3.3.1 and 3.3.2 show the diet estimates of 9"Sr and 
137Cs, respectively. 

3.3.9. Discussion 

The most important 9^Sr source in the Greenland diet is still 

grain products, which contribute 50% of the total 9^Sr content 

in the diet. Approximately 85% of the 9&Sr in the food consumed 

in Greenland in 1983 originated from imported (Danish) food. 

Meat is still the most important ' 37Cs source in the Greenland 
diet, contributing 88% of the total content in 1983. Approxi

mately 94% of the 137Cs in the Greenland diet in 1983 came from 

local products. 

The 9^Sr contents in the total diet in 1983 was approximately 

70% of the 1982 level. 

The 137Cs level was 91% of that found in 1982. As earlier dis-

cussed^) the great variations from year to year are primarily 

due to the variations in the 137Cs levels in the meat samples 

obtained. 
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Table 3.3.1. Estimate of the mean content of 90Sr in the human 

diet in Greenland 

Type of food 

Milk and cream 

Cheese 

Grain products 

Potatoes 

Vegetables 

Fruit 

Neat and eqgs 

Fish 

Coffee and tea 

Drinking water 

Total 

in 1983 

Annual 
quantity 
in kg 

78 

2.5 

95.6 

32.8 

5.5 

13.5 

45.6 

127.6 

7.3 

548 

Bq 90Sr 
per kg 

0.096 

0.68 

0.32 

0.066 

0.36 

0.075 

0.034 

0.015 

0.87 

0.012 

Bq 90Sr 

7.49 

1.70 

30.59 

2.16 

1.98 

1.01 

1.55 

1.91 

6.35 

6.58 

61.32 

Percentage of 
totfel Bq 90Sr 

in food 

12.2 

2.8 

49.9 

3.5 

3.2 

1.7 

2.5 

3.1 

10.4 

10.7 

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 1983 was 110 Bq 90Sr (kg 

Ca)"1 or 3.0 pCi 90Sr (g Ca)-1 and the daily intake was 

90 0.17 Bq *uSr or 4.5 pCi »uSr. 90« 
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Fig . 3 . 3 . 1 . Strontium-90 in Greenlandic d i e t , 1962-1983. 
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Table 3.3.2. Estimate of the wan content of 137 Cs in the hui 
diet in Greenlan< 

Type of food 

HiIk and creaa 

Cheese 

Grain products 

Potatoes 

Vegetables 

Fruit 

Neat and eggs 

Pish 

Coffee and tea 

Drinking water 

Total 

1 in 1983 

Annual 
quantity 
in kg 

78 

2.5 

95.6 

32.8 

5.5 

13.5 

45.6 

127.6 

7.3 

548 

Bq 137CS 
per kg 

0.076 

0.055 

0.10 

0.048 

0.11 

0.029 

11.4 

0.28 

2.53 

0.003 

JW«. 

5.93 

0.14 

9.56 

1.57 

0.61 

0.3? 

519.84 

35.73 

18.47 

1.64 

593.88 

Percentage of 
total Bq 137Cs 

in food 

1.0 

0.0 

1.6 

0.3 

0.1 

0.1 

87.5 

6.0 

3.1 

0.3 

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

kg . Hence the 1 3 7Cs/K r a t i o becomes 495 Bq 137Cs (kg K ) _ 1 or 

13.4 pCi 1 3 7Cs (g K ) ' 1 . The d a i l y intake in 1983 from food was 

1.63 Bq 1 3 7Cs or 44 pCi 1 3 7 Cs. 
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To estimate the maximum pro capite intakes of 90Sr and 137Cs in 

Greenland in 1983 we assume2* that the only grain product con

sumed by a person is dark rye bread, and that he only eats 

reindeer meat. His daily intake of 90Sr is thus 0.27 Bq and his 
137Cs intake 10.6 Bq day"1 (using the quantities in Tables 

3.3.1 and 3.3.2). At the lower limit we can imagine a person 

eating white bread and seal and drinking water with hardly any 

activity (e.g. water formed by the melting of old ice). In this 

case the daily intakes are 0.08 Bq 90Sr and 0.2S Bq 137Cs. 

Hence the ratios between the levels in the maximum and minimum 

diets become 3 for 90Sr and 42 for 137Cs. 

The 90Sr content of the Greenland diet in 1983 was 79% of the 

estimated Danish mean content3*, and 63% of the Paroese level1*. 

The 137Cs level in the total diet in Greenland was 5.8 times 

that of the Danish diet and 34% of the Faroese diet level. 

3.4. Conclusion 

3.4.1. 

The 90Sr fallout ra*-es in 1983 were the following: Prins Chr. 

Sund: missing; Godthåb: approximately 3.6 Bq m~2; Scoresby 

Sund: 1.4 Bq m-2; Upernavik: 1.9 Bq ^Sr m-2 and Danmarkshavn: 

2.3 Bq m~2. The accumulated fallout levels by the end of 1983 

were estimated at approximately 1270 Bq 9^Sr m~2 at Godthåb, 

4200 Bq 90Sr ra"2 at Prins Chr. Sund, and 450 Bq 90Sr m~2 at 

Upernavik. 

3.4.2. 

The food consumed in Greenland in 1983 contained on the average 

110 Bq 90Sr (kg Ca)~1, and the daily mean intake of 137Cs was 

estimated at 1.63 Bq. The most important 9^Sr contributor to 

the diet were grain products accounting for approximately 50% 

of the total 9(*Sr content of the diet. Cesium-137 originated 

mainly from meat (reindeer and lamb) and fish, contributing 

approximately 94% of the total 137Cs content of the diet. 
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3.4.3. 

No 90Sr analyses of human bone samples have hitherto been car

ried out on the population of Greenland. Considering the esti

mated 9^Sr levels in the diet, it seems probable*), however, 

that the 1933 90Sr 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 30 Bq 90Sr 

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

in Greenlanders was estimated at 1500 Bq 137Cs (kg K ) - 1 . 
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4. MARINE ENVIRONMENTAL RADIOACTIVITY IN THE 

NORTH ATLANTIC REGION 

4.1. Radionuclides in sea water samples collected on the 

"Polarstern" cruise to the Pram Strait in July 1983 

4.1.1. Surface water 

A more detailed interpretation of the results shown in Table 

4.1.1 have been given elsewhere6'7). All samples were analysed 

for 3H too, however, an intercomparison with G. Ostlund, showed 

that we have had problems with our tritium background and our 

tritium data have consequently been deleted. West ot 0° longi

tude in the Pram Strait we are in the polar water. We have 

estimated the fallout backgrounds in this part of the East 

Greenland Current to 6.86 Bq 137Cs m~3 and 5.72 Bq 90Sr m~3.6) 

In the Atlantic water (east of 0° in the Pram Strait) the fall

out concentrations are 3 Bq 137Cs m~^ and 2 Bq 9^Sr m-3^ an<j 

the mean contributions from Sellafield become 11.38-3 - 8.38 

Bq 137Cs m-3 and 4.00-2 = 2.00 Bq 90Sr m-3. 

Melted sea ice (cf. Table 4.1.2) in the Pram Strait contained 

8 times lower 
90Sr 

and 4 times lower 137Cs levels than the 

corresponding sea water. The 90Sr activity in the snow was much 

lower than that in precipitation from Danmarkshavn in 1983 (cf. 

Table 3.2.1.1) 

4.1.2. Deepwater samples 

Table 4.1.3 and Pigs. 4.1.2 and 4.1.3 show the distribution of 

activity concentrations with depth at one of the "Atlantic" 

stations and at two of th° "Polar" stations (combined in Pig. 

4.1.3) in the Pram Strait. All activities decrease with depth. 

At the eastern, "Atlantic" station the decrease for 137Cs> is 

more pronounced than that at the two western, "Polar" stations; 

9®Sr shows in general a less pronounced variation with depth 

than 137Cs. This is compatible with the relatively qreater con-
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30°W 20°W 10°W 10< 

Pig. 4 . 1 . 1 . Cesiu»-IJ7 (Bq *"J) in sjrfac* wat«»r sampl' 
collect*«" in the North Atlantic in I983. 
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Tahle 4 . 1 . 3 . Stront ium-90 and Osium-137 concentrations in deep wat>»r s.iinli'" c o l l e c t e d in the 
rran Strait in July 

Pos i t ion 
Lattiturie Lonqitude 

79°t9'N 

- - -

— * — 

— • — 

_ m _ 

79°45'N 

- - -

- " -

79°46'N 

- " -

- - -

_ M _ 

•DouDle arie 

03°36'E 

- - -

* - " -
_ m _ 

- » -

12°05'W 

- - -

_ ** — 

04°14,W 

_ n _ 

- - -

_ . _ 

alysis (« 

I9H3 

riepth 
in m 

2 

200 

400 

700 

tooo 

2 

50 

200 

2 

300 

600 

1000 

1 S.E. ) 

Date 

Juiy 13 

- - -

- - -

_ •• _ 

- - -

July 15 

- - -

- - -

July 16 

- - -

- - -

- " -

Salinity 
in o/oo 

33.6 

35.0 

35.0 

35.1 

36.2 

31.4 

32.1 

34.4 

31.2 

34.9 

34.4 

34.8 

»°Sr 
Bq m-^ 

4.17 

3.88 

2.96 

2.79 

1.52 

6.1850.07* 

6.92 

3.63 

5.56 

2.44 

1.11 

1.63 

Bq m"-' 

12.16 

9.63 

8.50 

6.39 

2.37 

6.61*0.18* 

6.37 

5.07 

7.46 

4.01 

2.31 

3.00 

137Cs/9C 

2.92 

2.48 

2.87 

2.29 

1.56 

1.07*0. 

1.09 

1.40 

1.34 

1.64 

2.08 

1.84 

'.<5r 

02* 

Sampl" size 
in 1 

50 

50 

50 

50 

150 

2 « 50* 

50 

100 

50 

50 

50 

25 

tribution from Sellafield of ^ 7 C s than of 90Sr a s compared to 

the fallout, the latter having had the time to become better 

mixed in the water column than the Sellafield effluent. At 

1000 m the ̂ 7Cs concentrations were the same at the "rttlantic" 

and "Polar" stations, and so were the 90gr concentrations. We 

assume that at 100 metres at both sets of stations we have At

lantic water contaminated with fallout only. The 137Cs and 90Sr 

concentrations at this depth were actually nearly equal to our 

assumed fallout backgrounds in the Atlantic water. 

The higher fallout levels in polarwater are detectable at the 

"Polar" stations down to approximately 300 m, but most of the 

fallout contaminated polar water seems to be in the upper 50 

metres where the temperature is below 0°C. 
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Fig. 4.1.2. Strontium-90 and Cesium-137 concentrations in a 

vertical profile in the eastern part of the Fram Strait in 

July 1983. 
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Pig. 4.1.3. Strontium-90 and Cesium-137 concentrations in a 

vertical profile in the western part of the Frara Strait in 

July 1983. 

4.2. Radionuclides in West Greenland waters in 198^ 

Since 1963 sea water has been collected2) at the Greenland 

west coast at Godthåb (~ 64°N) and at Godhavn (~ 69°N) the 
9^Sr concentrations have from 1963 to 1980 approximately fol

lowed the equation: 

Bq *°Sr m-3 , 14 e-0.095t (Eq. 1) 

where t is the time in years and t = 0 in 1963. We have meas

ured ^3^Cs since 1973 and have in this case got the equation: 
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Bq 137CS HT3 = 8.7 e"0-096^-10) (Eq. 2) 

In a similar way we have for the east coast of Greenland from 

samples obtained from Danmarkshavn (~ 75°N) and Angmagssalik 

(~ 65°N) got the equations: 

Bq 90Sr m"3 = 18.?. e"0.080t (Eq. 3) 

and 

Bq 137Cs m"3 =11.4 e"0-085*t"10> (Eq. 4) 

If we use the above equations we would in 1982 and 1983 have ex

pected 2.3 Bq 90Sr m~3, 3.7 Bq 137Cs m"3 and 2.1 Bq 90Sr, 3.3 

Bq 137Cs m~3f respectively, at the Greenland west coast. At the 

east coast the concentrations would have been 4.0 Bq 9^Sr m-3, 

5.3 Bq 137Cs m-3 and 3.7 Bq 90Sr m-3, 4.9 Bq 137Cs m-3, respect

ively. 

In 1983 the observed mean ^37Cs level at the west coast was 

5.4±0.77 (n = 41, ± 1 S.D.) Bq m~3 and the 90Sr concentration 

was 4.5±0.9 (n = 41, ± 1 S.D.) Bq m~3, in 1982 we found 5.5±0.79 

(n = 10, ± 1 S.D.) Bq 137Cs m-3 and 4.2±0.1 (n = 3, ± 1 S.D.) 

Bq 90Sr m-3 (Risø-R-4892>). 

The observed levels were thus higher than those expected for 

West Greenland and closer in agreement with the predicted levels 

for East Greenland. The two years were both characterised by 

great amounts of sea ice along the west coast. This suggests 

that the East Greenland Current has passed relatively undiluted 

by Atlantic water from East to West Greenland waters in 1982 

and 1983. 

The '37Cs concentrations were not related to the salinity while 
9"Sr were inversely related to salinity: 

Bq 90Sr = 11.9 - 0.237 x (salinity in o/oo) (Eq. 5) 
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Table 4.2. Strontium-90 and Cesium-1)7 in surface sea water off W-ftreenland in 1993 

L a t t i t u d e 
N 

t4 °07> 

6 3 °S8 ' 

SSOSS' 

« 3 0 4 e • 

6 5 ° 0 6 -

» ^ O « ' 

t ^ O * ' 

6« 0 S3• 

6 6 ° 4 6 ' 

»604 3 ' 

6 6 ° 4 1 ' 

« 7 ° 3 4 ' 

t»°00' 

« 8 ° 0 4 ' 

*«°oa' 

6 8 ° 1 4 ' 

6 8 ° 4 3 ' 

* 8 ° 5 4 ' 

t^os-

6 9 ° 3 0 ' 

7 0 ° 2 0 ' 
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Lonqit J<1» 
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51°S3 ' 
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5 3 0 5 6 1 

53O00* 
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5 4 0 5 8 • 

5 4 ° 1 0 ' 

SS°J6' 
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5 « ° 3 8 ' 
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5 5 ° 0 0 ' 

S6°00 ' 
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S8°24 ' 
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Name of l o c a t ton 
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- - -
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- - -
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- - -

- - -
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_ m _ 
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»°sr 
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5 . 2« 

-
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4 .25 

4.4S 
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3 . »4 

4 .05 

4 .90 
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« . 4 i 
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4 . 6 5 

4 . 5 9 

4 . 0 2 

5 .08 

3 .81 

4 .23 

3.77 

-
3.46 

-
3.72 

4 .42 

3 .68 

3 .83 

5.3P 

3.90 

-
2 .99 

3.94 

3.44 

3 .94 

4 . 8 5 

Nov 199) 
' " c s 

• - » 

-
6 .09 

« .45 

5 .55 

6 .74 

6 .60 

5 .68 

5 .70 

6 .66 

-
6 .13 

-
6 . 4 0 

5 .83 

5 .08 

4 . 2 5 

4 .72 

5 .79 

-
4 . 9 3 

4 . 4 9 

5 .12 

5 .10 

5 .60 

S a l i n i t y 
in 0 / 0 0 

-
2 9 . 3 

3 1 . 4 

3 1 . 9 

3 2 . 1 

3 1 . 7 

3 0 . ) 

3 1 . 8 

j l . 8 

-
32 .n 

-
3 1 . 4 

3 1 . 9 

3 2 . 6 

3 2 . 8 

3 1 . 7 

3-- . 4 

-
3 2 . 8 

3 2 . 9 

3 3 . 3 

3 1 . 2 

3 2 . 5 

r.FU« 
S a l i n i t y 
Ju ly /Oc« 

3 2 . 8 / -

- / 3 2 . 0 

3 2 . 9 ' 3 2 . 2 

3 3 . 0 / 3 2 . 8 

3 3 . 2 / 3 1 . 8 

3 3 . 3 / 3 2 . 4 

3 3 . 2 / 3 2 . 3 

3 3 . 4 / 3 2 . 1 

3 3 . 7 / 3 1 . 8 

3 3 . 7 / -

- Z32 .3 

3 2 . 2 / -

3 3 . 6 / 3 2 . 6 

3 3 . 1 / 3 2 . 3 

3 2 . 6 / 3 3 . 0 

- Z33 .2 

3 2 . 7 / 3 3 . 6 

3 3 . 1 / 3 3 . 1 

3 1 . 7 / -

- , ' 33 .2 

3 3 . 0 / 3 3 . 5 

3 3 . 1 / 3 3 . 2 

3 2 . 7 / 3 3 . 2 

3 2 . 5 / 3 3 . 2 

'The salinities determined at Ris« were in some cases siqnificantly lower than those found hy CFU (The 

Greenland Fisheries and Environmental Research Institute). He assume that the CFI! values are the correct 

ones for the water masses but cannot completely dismiss that the 50 1 samples, which we analysed have had 

a hiqher content of fresl- water perhaps due to melt water in the surface layer (cf. the teit also). 

For zero s a l i n i t y (Eg. 5) pred ic t s a fresh water (run-off) 
concentration of 11.9 Bq m~3. This i s what we see as mean con
centrat ion in Greenland drinking water {cf . 3 . 2 . 6 ) . A few 
samples from July 1983 showed s a l i n i t i e s about 25 o /oo , these 
low s a l i n i t i e s could not be confirmed by the hydrographic 
samples c o l l e c t e d by Erik Buch (GFU); however, the low s a l i n i t y 
samples contained r e l a t i v e l y high 9 0 S r concentrat ions and low 
1 3 7Cs l e v e l s . Hence we assume that these samples have contained 
run-off from land, which we w i l l assume to be high in 9 0 Sr and 
low in 1 3 7 C s . 
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60°W 55°W 50° W 

60°W 55°W 50°W 

Pig. 4.2.1. Cesiuw-137 (Bq m"3) in surface water collected 

off West Greenland in July 1983 (upper figures) and in 

October-November 1983 (lower figures). The salinities in 

o/oo are shown in italics. 
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60°W 55°W 50° W 
71« 

70° — 

60°W 55°W 50°W 

Pig. 4.2.2. Strontium-90 in surface water collected 

off West Greenland in July 1983 (upper fiqures) and in 

October-November 1983 (lower fiqures). 
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60°W 55°W 50°W 

1.60 
1.43 

£x 0,SI<0 

V^Godhovn iJokobshavr 

Sukkertoppen 

0.76 1.20 156te. 

1.68 1.29 1.50 

Godthåb 

60°W 55°W 50°W 

F i q . 4 . 2 . 3 . The U 7 r Cs/'"Sr ratio in surface water collected 

off West Greenland in July 1983 (upper fiqures) and in 

October-Novemt ;r 1983 (lower fiqures). 
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The high salinity Atlantic water, which is low in 90Sr and 

^ 7Cs will dilute the higher activities in the polar water and 

at the sane tine increase its salinity. 

It we consider the situation froa July to October-Noveaber 1983 

we notice that a tongue of high '37Cs concentrations have aoved 

northward froa approximately 65°N to 68°N and further»ore have 

spread westward froa 53°ti to 58°W. At the saae tiae there seeas 

to be a southward aoveaent of low activity water entering the 

Greenland coastal water with the Canadian Polar Current. This 

water apparently shows a higher ^^Cs/'usr ratio than the Polar 

water carried by the East Greenland Current (cf. Pig. 4.2.3). 

4.3. Radionuclides in seaweed collected 1980-1983 

in Northern Europe 

Table 4.3.1 show the 99Tc data in seaweed saaples collected in 

Denmark, The Paroe Islands, Iceland, Svalbard and Holland in 

recent years. Soae of these results are suaaarized in Table 

4.6.2. It is in particular interesting that the saaples from 

the outlet of the Shelde river in Holland contained relatively 

high levels of "Tc. This may indicate a contribution from an

other source than Sellafield, probably Cap de la Hague in 

Prance. 

The 1-*7Cs data from Bodø in Table 4.3.2 are in agreement the 

results found in Norwegian studies8'. The sample from the Gulf 

of Pinland was collected along with a sea water sample, which 

contained 11.5 Bq 
137Cs 

m"-* (salinity 5.8 o/oo). The observed 

concentration ratio of Fucus to water was thus 580, which is 

in agreement with observations in the Baltic Sea^). The sample 

from Bremerhafen is in agreement with those found in the south 

western part of Denmark (cf. Risø-R-509, Table 5.11.2.2)3). 
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Table 4.3.1. Technetiua-99 in various saaples of sea weed collected 

7980-1982 

Location 

Eastern Shelde* 

Western Shelde* 

Thorshavn 

Gjogv 

- - -

Arnanats 

Grindavik 

Raufarhofn 

Hnifsdalur 

Isfjord 

Rødbyhavn 

Esbjerg, N.V. 

Bornhola 

Fornes Fyr 

Frederikshavn 

Sampling date 

June 

June 

June 14 

June 

June 

June 

June 

June 

June 

August 

Dec 

Dec 

Nov 

Sep 

Sep 

1982 

1982 

1981 

1981 

1981 

1981 

1981 

1981 

1981 

1980 

1982 

1982 

1982 

1982 

1982 

Species 

As.no. 

Fu.ve. 

Fu.sp. 

Fu.di. 

La.di. 

Fu.ve. 

Fu.ve. 

Fu.ve. 

Fu.ve. 

Fu.se. 

Fu.se. 

Fu.ve. 

Fu.ve. 

Fu.ve. 

Fu. ve. 

'*Tc Ba kg" 
dry weight 

169 1 

105 J 

2.6 1 „ 
- J 
1.25' 

0.28 

1.53 

1.08 . 

8.3 

38 ^ 

110 

2.6 

64 

233 

1 

Holland 

Faroes 

Iceland 

Svalbard 

Denmark 

.ve.: Fucus vesiculosus, Pu.se.: Fucus serratus, Fu.sp.: Fucus 

iralis, Fu.di.: Fucus distieus, As.no.: Ascophyllua nodosua, 

La.di.: Laainaria digitata. 

Pu 

sp 

•These saaples were obtained froa Dr. Duursaa. 

Table 4 . 1 . 2 . Cesiua>-137 in sea weed co l lec ted at various locat ion« in 1981 

Location Pos i t ion Saaplinq Species ftq ' J7Cs »<?"' Bq , J 7 C « » dry » a t t e r 
•»•te dry weight i%i H I - ' 

Finnish Ray «0°1VN 25°4»'e Oct 21 Fu.ve. 6.7 210 19.S 

Bod«, Norway f^lTH ! 4 ° 2 V e June ft Fu.ve. 11.8 140 l* ,0 

- * - " " - - " - " " - Fu.se . 7.8 220 17.1 

- * - - " " " " - " * - As.no. S.ft 2S0 18.0 

Br««erhafen S I 0 ! } ' « 08°JS ,e June 28 Fe.ve . 1.5 125 

Fu .ve . : Fucus v e s i o i l o s u * , F u . s e . : Fucus s e r r a t u s , A s . n o . : Ascophylli j« ntMnsuM. 

http://As.no
http://Fu.se
http://Fu.se
http://Pu.se
http://As.no
http://Fu.se
http://As.no
http://Fu.se
http://As.no
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4.4. Technetium-99 in Greenland fucoids collected 1963-1983 

The material used in this study have been Pucus vesiculosus and 

Pucus disticus collected in Greenland since 19632). The samples 

have been kept at Risø as ashed or dried samples. We have found 

that the 99Tc content of ashed samples is 0.92to.05 (n = 4, 

1 S.D.) times that of dried samples, and that 100 g dry matter 

yields 26 g ash . Furthermore, we have seen the Pucus vesicu

losus and Pucus disticus does not differ significantly with 

respect to 99Tc concentrations10'. 

The results of Table 4.4.1 and Pig. 4.4.1 are discussed in de

tails elsewhere". 

The anova in Table 4.4.2 shows that there was no significant 

difference between the various locations in East Greenland. 

The important observation is the significant increase that oc

curred in 1976-1977 in the " T C levels in fucoids collected 

along the East Greenland coast. This increase is supposed to 

be due to an enhanced discharge of 99Tc with liquid waste from 

Sellafield in 1970. This assumption is based upon a transit 

time from Sellafield to the East Greenland Current of approxi

mately 7 years estimated from radiocesium tracer studies11' 

and from studying the so-called "salt anomaly" in the North 

Atlantic12'. Prom studies of " T C in fucoids collected in the 

Danish Strait we also conclude that enhanced discharges of 
99Tc began in 1970 <cf. 4.5). 

A possible increase of " T C in fucoids from the Greenland west 

coast is less evident. However, if we consider the "Tc/90Sr 

ratios, we observe that the mean ratio in 1965-1979 was 0.63± 

0.06 (n = 2, ± 1 S.E.), but in 1981-1983 it had increased to 

2.60+0.54 (n = 4, ± 1 S.E.). In these calculations all 90Sr 

data were decay corrected to 1983. The relation to 90Sr was 

used in order to correct for any variations in the contribu

tions of fallout-produced ^Tc, which might influence the "Tc 

levels in the Greenland waters. Hence we conclude that fucoids 

collected since 1981 from the Greenland west coast have shown 



Tab!a 4.4.1. Tachnatiua-M in *ucua vaaiculoaua/diaticua coltaetad in Oraanland and coaatal watara 

•»41-1941 I S O M W T pariod). Unit) eq **Tc k9~' dry waioht. 

Yaar 
Cast Oraanland coastal watars Wait Oraanland enaatal watara 

Danaarkihavn Scoraaby Sund Anajuqaaalih »rim Chr. lund Naraaaq-Qodthab flodhavn-Uoarnavtk Thula 

14*1 1.1210.11 

i>k» 2.00 <0.01 

I4»-. 2.1t<0.ll 

19*4 2.1110.04 2,4210.01 

1*4' J.44«0.07)2.2410.01 2,«2«0.04 

144« 1.4110.01 1,44*0.01 

14*9 1.1410.11 J.04t0. 14| 1.41«0. 11 1,1410.14 

1970 2.1410.1« 1.1110,04 

1971 2.0110.14 

147} l.07»0. IO]1.44<0. 13 2,2X0,11 

1971 2.7410.07)1.4710.04 2.14)0.0« 

l»7« 2.2H0.12 

'»7S 2.4K0.24 

1974 

'977 4.1710.24 V2H0.11 

197« ],40<0,27) l.lMO.It 

1979 4.4110.22 R,04*0,11 l,«4«0.10 0,7110,24|0,»010, 14 

'940 1,1410,11 

14*1 1.7210.10 

14*2 «.42>n,}4 7.29)0,2*)*.41*0.14 7, 010.17)4, 17 10.14 >. 7HO,0»| 1. 71 to, II 
0,4410,12 

19«) ),4110,14 

•Th» »rror tor« ta ' S,0. dua to counting atatlatiea. 
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Fig. 4.4.1. Teehnetiu»-*>9 in Fucus vesiculosus/disticus 

collect««) in Greenland I963-198). 

enhanced 99Tc, which cannot be explained by an increase in 

fallout. If the expected 99>pe/90gr ratio in fucoids from lall-

out was 0.63 and we find a ratio of 2.6 in 1983 we conclude 

that the ratio between Tc from Sellafield, and Tc from fallout 

in 1983 was 

2.60*0.54 

0.63±0.06 
-1 = 3.13±0.94 
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or that 0.76*0.23 of the 9 9 Tc in fucoids fro« West Greenland 

were fro« S e l l a f i e l d in 1983. I f the 9 9Tc l e v e l in fucoids fro« 

the west coast in 1983 (cf . Table 4 . 4 . 1 ) was 3.7 Bq k g ' 1 , the 

f a l l o u t background has been 0 .9 Bq k g - ' in these s a a p l e s . This 

background i s compatible with the " T C concentrat ions seen 

around Iceland (c f . 4 . 3 . ) in 1982, and for Iceland we can 

neg lec t any non- fa l lout contr ibut ion . 

Table 4 .4 .2 . Anova of Bq 99Tc kg - 1 dry weight in Fucoids 
collected in East Greenland: at Danaarkshavn, Scoresby Sund, 
Angmagssalik and Prins Christians Sund in 1963-1982 

Variation 

Between years 

Between locations 

Interaction 

Remainder 

SSD 

8.67 

0.15 

0.24 

0.42 

f 

15 

3 

7 

8 

S2 

0.58 

0.051 

0.035 

0.053 

v2 

13.14 

1.17 

0.66 

-

P 

> 99.95% 

-

-

-

Table 4 .4 .3 . Annual discharge rates 
of 99Tc from Se l la f ie ld 1 3 ) 

Year TBq 99Tc a-1 

1978 179 

1979 44 

1980 57 

1981 5.8 

1982 3.6 

1983 4.4 
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In a similar way we may estimate the fallout background of 99Tc 

in East Greenland fucoids in 1983. The mean 99Tc/90Sr ratio in 

fucus2) collected 1963-1975 in East Greenland was 1.01±0.11 

(n = 16, ± 1 S.E.I and for the period 1977-1982 we found 4.57± 

0.92 (n = 10, ± 1 S.E.). Hence the Sellafield contribution in 

1983 was 0.78±0.23. From the 1982 99Tc data we calculate the 

fallout background in East Greenland fucus to: 8.63 x 0.22 = 

1.9 Bq 99Tc kg-1. This background is as expected, higher than 

that of West Greenland fucus due to the enhanced fallout levels 

in the East Greenland Current"). 

If we want to calculate transfer factors to fucus in Greenland 

for liquid 99Tc discharges from Sellafield we have to conect 

for the fallout background concentrations in the fucus. Fur

thermore, we must know the discharges from Sellafield. However, 

such information have been available only since 1978 (Table 

4.4.2). In 4.5 we have tried to estimate the discharges in the 

^ears prior to 1978. According to these estimates, the mean 

discharge in the years 1970-76 was 44±22 TBq 99Tc a-1. If we 

use the average East Greenland fucus level for the years 1977-

1982, i.e. 7.9±0.63 (n =13, ± 1 S.E.) Bq 99Tc kg-1, the trans

fer factor becomes 7.9 * 0.78/0.044 = 140±80 Bq kg"1 per PBq 

a-1. In a similar way the transfer factor to West Greenland 

fucus is calculated from the mean level found in 1981-1983, 

i.e. 3.35±0.37 (n = 4, ± 1 S.E.) Bq 99Tc kg-1 and the transfer 

factor becomes 3.35 x 0.76/0.044 = 60±35 Bq kg-1 per PBq a"1. 

If the concentration factor between fucus and sea water in 

Greenland is 10^ (the value we have found in the Danish Straits 

in 1984), the transfer factor to East Greenland waters becomes 

1.4 Bq m~3 per PBq a-1 and to West Greenland waters 0.6 Bq m~3 

per PBq a-1. 

This is more than estimated for 90Sr and radiocesium in the 

western part of the Fram Strait but lower than that for the 

eastern part *>). But th* estimate is in good agreement with 

that from Jan Mayen^) whore the transfer factor was 1.3 Bq 
137Cs m~3 per PBq 137Cs a"1. We also determined 99Tc in a 

single 50 1 water sample from the western part of the Fram 

Strait in 1983. The concentration was 0.08±0.024 Bq m~3. The 
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transfer factors calculated from this sample becomes 0.08 * 

0.78/0.042 = 1.5 Bq 99Tc m~3 per PBq 99Tc a-1, which (by co

incidence?) is in agrpement with the factor based upon East 

Greenland fucus. 

For the time being we conclude that the transfer factor of 

liquid effluents from Sellafield to East Greenland waters is on 

the order of 0.1-1 Bq m~3 per PBq a-1. It should be recalled 

that the higher value is based upon Fucus samples assuming a 

concentration factor of 105. If, however, this factor is too 

low for arctic conditions we may approach the lower value of 

the transfer factor range. 

4.5. Technetium-99 in Fucus vesiculosus collected in the Danish 

Straits 1967-1984 

Four locations (cf. Fig. 4.5.1) have been used in this study, 

which was initiated in Sweden already in 1967. 

The results (Table 4.5.1.) and the anova (Table 4.5.2.) are 

summarized in Figs. 4.5.2. and 4.5.3. and discussed in ref. 9. 

An evident increase in the 99Tc levels occurred in 1974. We 

know that the transit time of water masses from Sellafield to 

the Danish Straits is approximately four years^). Hence the in

crease in 1974 must refer to an enhanced discharge in 1970, 

which was the same conclusion as that drawn from the East Green

land Fucus observations (cf. 4.4). The anova shows a signifi

cant seasonal variation, the ^Tc concentrations were thus 

nearly two times higher in Oct-Dec than in July-Sept. It is 

remarkable that there is no interaction between years and lo

cations. As it appears from Fig. 4.5.3 the 99Tc concentration 

in Fucus from the Sound (Barseback) show a nearly constant 

ratio to the levels from the Cattegat (Ringhals, Klint and 

Sårdal), the latter being 4.3 times higher than the former. 

If we use the discharge data since 1978 (cf. Table 4.4.2) from 

Sellafield we may relate these data to the observed mean values 

(obtained from the anova) for the 3 locations from the Catte

gat. The discharge period 1978-1980 is that seen in samples 
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Fig. 4.5.1. Sampling locations for Pucus vesiculosus used 

for 99Tc analysis in the Danish straits. 

collected in 1982-1984. If these two periods are considered 

as a whole we get a transfer factor to Fucus vesiculosus from 

the Cattegat of 148.5*28.3/93±43 = 1.6±0.8 (n = 3, ± 1 S.E.) Bq 
99Tc kg"1 per TBq 99Tc a"1 or approx. 10 times higher than that 

observed along East Greenland (cf. 4.4). There may be several 

uncertainties in this calculation. A serious one would be, if 

we should see other sources than Sellafield in the Danish 

Straits, e.g. discharges from Cap de la Hague. This cannot be 
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dismissed, because we have indications for such a discharge 

from Dutch seaweed samples (cf. Table 4.3.1). Furthermore, it 

is difficult to explain why the concentrations in the samples 

from 1982 were lower than those from 1983-1984 as the corre

sponding discharges in 1978 were higher than those in 1979 and 

1980 (cf. Table 4.4.2). 

Tab le 4 . 5 . 1 . T e c h n e t i i m - 9 9 in Fucus v e s i c u l o u s c o l l e c t e d i n the Catte«jat and the Sound in 1967-1984 

Locat ion Rinqhals Sarrial K l i n t Barseback 

Quar ter 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Year 

1967 

1970 

193 

197 

169 

233 

216 

155 

78 

71 

61 

103 

111 

29 

95 

170 

72 

101 

142 

149 

164 

136 

57 

48 

83 

72 

34 

30 

59 

29 

53 

90 

5. 

4. 

3. 

3. 

1. 

3. 

6. 

30 

37 

40 

16 

27 

35 

39 

43 

6 

1 

9 

9 

3 

0 

.9 

55 

48 

44 

101 

117 

1983 193 170 152 60 

50 

1972 

1973 

1974 

1975 

1976 78 40 55 14.1 

1977 81 72 16.8 

1978 41 34 48 12.4 

1979 59 30 16 44 11.0 

1980 34 57 59 27 9.9 

1981 

1982 

1984 204 

112 

150 

151 

mo 
187 

207 

22J 

201 

239 

179 

120 

120 

83 

44 

64 

21 

11.1 

26 

10.1 

15.4 

21 

34 

26 

31 

26 

41 

25 

13.6 

23 

13.2 

41 
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Pig. 4.5.2. The annual, quarterly ard local variation of "Tc in 

Fucus vesiculosus collected in the Cattegat (Ringhals, Klint and 

Sårdal) and in the Sound (Barseback) in 1967-1984. The columns 

show the concentrations relative to the grand mean 56 Bq kg"1 dry 

weight {= 1 at the relative scale) (cf. the anova in Table 4.5.2). 

Table 4.5.2. Anova of Bq 99Tc kg"1 dry weight in Pucus 

vesiculosus collected at Ringhals, Sardal, Klint and Barseback 

in 1967-1984 (cf. Table 4.5.1 and Pig. 4.5.2) 

Variation 

Between years 

Between quarters 

Between locations 

Interactions 

Remainder 

SSD 

36.07 

3.68 

31.58 

1.51 

5.16 

f 

14 

3 

3 

30 

44 

S2 

2.58 

1.23 

10.53 

0.05 

0.12 

V2 

22.03 

10.51 

90.00 

0.43 

-

P 

> 99.95% 

> 99.95% 

> 99.95% 

-

_ 
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If, however, we use the above transfer factor we may estimate 

from Fig. 4.5.2 the annual mean discharges from Sellafield in 

1970-1973 to 52 TBq 99Tc, in 1974-1976 to 32 TBq and in 1977 to 

65 TBq. The estimated error on these discharge rates is ±50% 

.g» io2 

<D 

o 10' -
o> 
O) 

CD 
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» 

-© 
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I 1 1 

1 1 1 

i — r —r —r i i T i r i i i i i 

9 ® " 

© 

i i i i i i i i i i i i i i 

68 70 72 1U 76 78 
YEAR 

80 82 84 

Pig. 4.5.3. Annual mean values of "Tc in FU.JS vesiculosus 

calculated from Table 4.5.1. The number of samples and t 1 S.E. 

is indicated. The circles represent the samples from the Cattegat 

(Ringhals, Klint and Sårdal) and the triangles represent the 

Sound (Barseback). 

Water samples were collected in 1984 at Klint and from these we 

determined the observad ratio between 99Tc in Fucus vesiculosus 

and sea water. We have mutual observations of Fucus and water 

from February, April, July and Auqust and we found a mean ratio 

of: (155±54) x 103 (n * 4; ± 1 S.E.) Bq kg-1 Fucus vesiculosus/ 

Bq l-1 sea water. Holm10> has estimated concentration ratios 

for 99Tc in Fucus vesiculosus going from 25 000 to 85 000. Un

til more data are available we shall use 105 as the concentra

tion ratio for 99Tc in Fucus vesiculosus compared with sea wa

ter. If we use this ratio we can estimate the transfer factor 
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from Sellafield discharges to the surface water of the Cattegat 

to 16 Bq 9^Tc m-3 p e r PBq 99 T c a~^ . This factor is the same as 

that obtained for 90Sr14) jn t h e cattegat. It is likely that 

9^Sr and "Tc should show similar transfer factors because 

neither of these radionuclides are carried to the sediments to 

any appreciable extent. 

4.6. Technetium-99 in seaweed samples collected in northern 

U.K. in 1982 

The results from this cooperative study between the University 

of Lund and Risø have been reported in Risø-R-488 Appendix B ^ . 

However, in that report no "Tc data were given. These are now 

presented in Table 4.6.1. As for 137Cs we may relate the con

centrations to the distance from Sellafield as shown in Pig. 

4.6. As compared with ^ 7 C s , the 99 T c concentration decreased 

less rapidly with distance. The exponent for 13?Cs w a s _n.94 

while it was -0.62 for " T C This may be due to some sedimen

tation of 137cSp However, the discharge pattern^) 0f 99>j>c ^s 

different from that of 137Cs and this may also influence the 

distance relations (cf. also 4.7). 

In Table 4.6.2 we have summarized the ^Tc data for Fucus vesi-

culosus collected in the North Atlantic region since 1980. The 

distribution of activity is very similar to that seen for radio-

cesium6) . 

From Table 4.6.1 we may calculate the ^9Tc activity ratios be

tween various species and Fucus vesiculosus. We found the fol

lowing ratios: Fucus serratus/Fu.ve. = 0.60*0.05 (n • 6, ± 1 

S.D. ): Ascophyllum nodusum/Fu.ve. = 2.4±1.0 (n = 3, ± 1 S.D. ) 

and Pelvetia canaliculata/Fu.ve. = 1.2*0.4 (n = 2, ± 1 S.D. 
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10c 8° 6° *\° Oe 

60fl 

56° 

56c 

54° 

52° 

50° 

Fig. 4 . 6 . 1 . Sampling location (stat ion No.) .lune 1982. 
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Table 4 . i . I . T » c ! « i » H ' 4 « - " in sea weed c»l lecte«! in the Knrther« t ' . k . in .lune l*J»J 

S t a t inn 
H o . 

I s 

2 * 

4 * 6 3 7 s 

5 * 

6 * 

9 * 

1 1 * 

1 4 * 

? 5 * 

I t * 

1 7 * 

1 8 * 

2 0 * 

2 1 * 

2 2 * 

2 6 * 

2 7 * 

2 8 * 

2 9 * 

3 0 * 

3 1 * 

3 2 * 

3 3 * 

3 4 * 

40 

41 

42 

43 

46 

47 

48 

51 

54 

55 

59 

60 

62 

65 

68 

69 

11 

L a t t i tuaW 
N 

5 8 ° 0 3" 

5 8 ° 3 1 -

5 8 ° 3 0 ' 

5 8 ° 5 7 ' 

5 8 ° « 4 ' 

5 6 ° 5 1 ' 

5 9 ° 0 7 ' 

5 9 ° 0 7 ' 

- - -
- - -

- - -

- - -

- - -

- - -

* 0 ° « 8 ' 

6 0 ° 4 4 ' 

6 0 ° 3 5 * 

6 0 ° 30" 

6 0 o 2 9 ' 

6 0 ° 1 8 ' 

6 0 ° 1 5 ' 

6 0 ° 0 6 ' 

6 0 ° 0 3 ' 

5 « 0 5 2 ' 

5 8 ° 2 8 ' 

5 8 ° 2 6 ' 

5 8 ° 2 5 ' 

5 8 ° 2 5 * 

5 8 ° 2 7 ' 

5 8 ° 1 7 ' 

5 7 ° 5 5 ' 

5 7 ° 1 2 ' 

5 7 ° 32 ' 

S 7 ° 3 2 ' 

5 8 ° 1 1 ' 

5 8 ° 2 6 ' 

5 8 ° 1 7 ' 

5 7 0 4 2 1 

5 6 ° 37' 

S « ° 0 9 ' 

5 S 0 2 7 ' 

Lnna 11 j d t 
w 

o3°io' 

0 3 ° 2 1 ' 

O 3 ° 0 5 ' 

0 2 ° 4 4 -

0 3 ° 0 0 " 

0 2 ° 5 * * 

0 j o 0 7 ' 

0 3 ° 2 1 ' 

- " -

- ' -

- " -

- " -

- " -

- * -
0 0 ° 4 f 

0 0 ° 5 7 • 

0 1 ° 1 I • 

0 1 ° 0 3 ' 

0 1 ° 3 7 ' 

0 1 ° 4 0 ' 

0 1 ° 0 9 ' 

0 1 ° 2 0 ' 

0 1 ° 1 2 ' 

0 1 ° 1 8 ' 

0 3 ° 4 2 ' 

0 3 ° 5 9 ' 

0 4 ° 2 7 ' 

0 4 ° 2 7 1 

0 4 ° 4 3 ' 

0 5 ° 1 2 ' 

0 5 ° 2 6 ' 

0 5 ° 5 3 " 

0 6 ° 3 0 ' 

0 6 ° 3 2 ' 

0 6 ° 1 5 ' 

0 6 ° I 6 ' 

0 6 ° 4 1 ' 

0 7 " 0 7 ' 

06°2>t ' 

0 5 r > 2 3 ' 

0 5 " 35 ' 

S p e c i e s 

F u . s p . 

F O . S * . 

F u . v e -

F u . s p . 

F u . v e . 

F u . v e . 

F u . s e . 

F u . s c . 

A s . n o . 

F U . S D . 

F u . v e . 

P e . c a . 

l a . r t i . 

H a . s i . 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

P u . v e . 

F u . s e . 

F u . v e . 

F u . s e . 

F u . v e . 

F u . s p . 

F u . v e . 

F u . s e . 

F u . v e . 

F u . v e 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

F u . v e . 

F11. v e . 

F u . v e . 

F u . v e . 

F n . v e . 

» , * »To 
k l - 1 

' t ry w. 

4 2 0 

50 

»75 = 

240 

4 7 0 

330 

320 

4 30 

1010 

4 0 0 

7 1 0 

6 7 0 

134 

520 

M 

6 9 

174 

72 

126 

122 

61 

49 

99 

«9 

1400 

740 

1150 

630 

1470 

1 2 6 0 : 

1170 

1300 s 

1660 

1170 

960? 

980 

1080? 

9 30 

14 30 ! 

1890 ! 

1 8 3 0 ' 

8 5 * 

20« 

2 8 * * 

7 0 * 

2 0 * 

8 0 * 

140« 

2 0 * 

D i s t a n c e 
i n k a fropi 
S e l l a ' » e l / I 

790 

710 

7 30 

7 * 0 

730 

740 

740 

730 

730 

730 

730 

730 

730 

730 

970 

950 

930 

940 

890 

880 

910 

880 

890 

860 

690 

680 

650 

650 

630 

590 

560 

440 

480 

480 

550 

580 

570 

480 

370 

290 

210 

N j f l r o f i m b 4 t !« * • 

B e r r i e d a l e 

Dunnet Head 

John o ' G r o a t s 

S k a i l l , O r k n e y s 

B u r u i c k , O r k n e y s 

5 . o f H u r r a y . O r k n e y s 

E v i e , O r k n e y s 

Brouqh o f n i r s a y , O r k n e y s 

- - -
- - -

- - -

- - -

- - -

- - -

uaaba N e s s , S h e t l a n d I s l . 

N e s t i n g , - • -

H e s t sand w i e k , ~ " -

B u r r a V o e , - " -

S t e n n e s s , - • -

H e l b y , - * -

G l e t n e s s - " -

Hanna v o e , - " -

A i t h Wiek - " -

Sumburqh - * -

C r o s s k i r k Bay 

B a l i n i i i 

T a l m i n e 

T a l m i n e 

Sangobeg 

T a r b e t 

A c h i l t i b u i e p i e r 

K y l e a k i n 

S c o r e Bay 

U iq 

T iumpan Head 

Port, o f Ness 

Arnn 

R o d e l , H a r r i s 

P o i n t of Arr tnamnrchan 

ivsknis Bay 

B e l l o c h a n t u y nay 

http://Fu.se
http://As.no
http://Fu.se
http://Fu.se
http://Fu.se
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Tab!* 4.6.1. (continued) 

Station 
NO. 

73* 

761 

771 

78* 

79» 

834 

M 1 

854 

89 

<»0 

91 

92 

93 

9« 

95 

97 

99 

too 

101 

104 

105 

[.attitude 

57°32-

57°17-

$7°17" 

56°2*' 

- - -

55°48' 

55°16' 

54°37-

- " -

- " -

- " -

- " -

54°43' 

54017' 

- - -

54°17' 

- " -

Longitude 
H 

02°33' 

01o50' 

Ol^O' 

02° 32-

- - -

02°20' 

- - -

01°37' 

04°t«' 

- - -

- - -

- • -

- - -

- - -

- " -

03°2 3' 

03°35" 

- - -

- - -

03°30" 

- " -

Species 

Fu.ve. 

Fu.ve. 

Fu.se. 

Fu.ve. 

Fu.se. 

Fu.se. 

Fu.ve. 

Fu.ve. 

Fu. ve. 

Pu.ve. 

Fu.ve. 

Fu.ve. 

F-.se. 

As.no. 

Pe.ca. 

Fu.ve. 

Fu.ve. 

Fu.sp. 

As. no. 

Fu.ve. 

As.no. 

dry *»-

500 

520 

340 

300 

180 

240 

380 

400 

2400 

3100 

3500 

3600 

1790 

11200 

4800 

3300 

6100 

3000 

13900 

19700 

48000 

Distance 
in ka fro« 
Sellafield 

840 

890 

890 

990 

990 

1050 

1050 

1110 

66 

66 

66 

66 

66 

66 

66 

55 

23 

23 

23 

3 

3 

Naae of location 

Banff 

Port ErrolI 

- - -

Arrroath 

- - -

Reed pt. Cove 

- - -

AInnouth 

N of Isle Whithorn 

- - -

- - -

- - -

- - -

- - -

- - -

Beck foot 

Whitehaven 

- - -

Seascale 

- - -

Fe.ve.: Fucus vesiculosus; Fu.se.: Pucus serratus; Fu.sp.: Pucus spiralis; 

As.no.: Ascophyllum nodosum; Pe.ca.: Pelvetia canaliculata; Ha.si.: Halidius siliquosa; 

La.di.: Laminaria digitata. 

^Samples analysed by University of Lund. 

•The error term is ? 1 S.E. of the mean of double determinations. **Four determinations. 

http://Fu.se
http://Fu.se
http://Fu.se
http://As.no
http://Fu.se
http://As.no
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Table 4.6.2. Technetiu«-99 in Pucus collected in the North 
A t l a n t i c reg ion 1980-

Locat ion 

S e l l a f i e l d 

E n g l i s h west c o a s t 

S c o t t i s h wes t c o a s t 

S c o t t i s h north c o a s t 

I r i s h e a s t c o a s t 

The Orkney I s l a n d s 

S c o t t i s h e a s t c o a s t 

Bast England 

The Shet land I s l a n d s 

I r i s h northwest 
c o a s t 

The Faroe I s l a n d s 

SW-Norway 

NW-Norway 

Svalbard 

East Greenland 

West Greenland 

I c e l a n d 

1983 

P o s i t i o n 

54°17 , N, 03°30'W 

54°30 , N-55°00 , N 

55°00 , N-58°30 , N 

OS^O'W-CS^O'H 

53°00 , N-54°30 , N 

58°44 , N-59°07 , N 

56°00 , N-58°30 , N 

SSOOO'N-Sfi^O'N 

59°52 , N-60°48'N 

54°00 ,N-55°00"N 

62°N, 07°W 

58°N-60°N 

65°N-71°N 

76°N-80°N 

65°N-75°N 

e i ^ ^ i ^ N 

63°30 , N-66°30'N 

Bq kg"1 

dry w e i g h t 
• 1 S .D. 

19700 

3800*1350 

1220*390 

870*410 

570*70 

410*180 

440*123 

390*12 

91*39 

7 . 2 * 0 . 1 

1 . 9 * 0 . 3 

120*40 

73*23 

15*8 

7*1.3 

3 . 7 * 0 . 1 

1 . 0 * 0 . 4 

Nunber of 
samples 
in m a n 

1 

5 

11 

10 

4 

5 

3 

2 

10 

2 

2 

3 

3 

3 

4 

3 

7 
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105r 

104 

CD 

103 

102 
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%f 

o 
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10° 101 102 103 

DISTANCE FROM SELLAFIELD (km) 
10' 

Pig. 4.6.2. Technetium-99 in Fucus vesiculosus collected in the 

Northern U.K. in June 19B2 related to distance from Sellafield. 

4.7. Radionuclides in seaweed collected in Ireland and 

Ulster in 1983 

Risø National Laboratory and the University of Lund collected a 

number of seaweed samples along the Irish west and north coasts 

in April 1983 (cf. Fig. 4.7). The samples were analysed for 

radiocesium, transuranic elements and 99Tc (ci. Table 4.7). 

The mean ratio of 238Pu to 239,240Pu 0f those samples, which 

contained more than 0.5 Bq 239,240Pu ĵ g-1 w a s o.22±0.01 (n = 9, 

t 1 S.D.) and the 134Cs/1-*7Cs mean ratio of the same samples 

was 0.037*0.003 (n = 6, ± 1 S.D.). This suggests that Sellafield 

contributed with transuranics as well as radiocesium to these 

samples. In biota collected along the U.K. west coast out to a 

distance of 66 km from Sellafield we found in 1982 (Risø-R-
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10° 8° 6° 4° 2° 0° 2° 

Ftg. 4.7. Samplinq stations for sea weert in Ireland in April 1983. 

488)1) a 238Pu/239,240Pu m e a n ratio of 0.23±0.08 (n = 20, ± 1 

S.D.) and a 134Cs/137Cs ratio of: 0.036±0.003 (n = 20, ± 1 

S.D.) decay corrected to 1983. 

We may relate the "Te and 137Cs levels in seaweed to the dis

tance from the sampling point with the highest activity, i.e. 

No. 56 (cf. Fig. 4.7). If we transfer all samples to Fucus vesi-

culosus by multiplying the "Tc levels with the following fac-
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Table 4.7. Radionuf lides in sej wtcd collected in Ireland in April !••!. i'.'nir: R.| kq~' <lry weiqritl 

s t a t i o n N o . 
( c f . F K l . 4 . 71 

1 

2 

) • 
5 

* 
7 

5 4 « 

5 5 » 

S * « 

5 7 « 

5 8 « 

5 9 * 

6 0 « 

6 1 « 

6 2 * 

6 3 « 

6 4 « 

4 

l o c a t i n n 

* i r » n H e a d 

W e x f o r d 

Dan L a o q h a : 

C o u r t o w n 

Dun L a o q h a i 

R o s s l a r e 

B a l n r i g q a n 

W i n e r s t o w n 

D o n a q h a d e e 

W a t e r r o o t 

r e 

r e 

I n i s h o v e n H e a d 

D u n f a n a q h y 

L a g h y 

E a s k y 

D o n a q h a d e e 

D u n f a n a q h y 

L a a h y 

t . a t t i t u r t e 
N 

S 2 ° S . ' • 

5 2 o 2 0 ' 

S I " ! « ' 

52°)ir 

5 3 0 I 8 ' 

S 2 0 I 4 • 

L o n q i t u d e 
w 

fc°nii' 

* 0 2 » ' 

» ° I 0 ' 

* ° 1 4 ' 

» O l O 1 

* ° 2 1 ' 

S p e c i e s 

F u . v e . 

Fu . v e . 

As . n o . 

F u . s p . 

F u . s p -

F u . s p . 

F u . v e . 

F u . s p . 

Ku . s e . 

F u . s e . 

F o . s e . 

F u . v e . 

F u . v e . 

F u . v e . 

L a . d i . 

F u . s e . 

P e . c a . 

•V-

172 

41 

12 70 

2 5 0 

2 8 0 

52 

5 0 0 

350 

6 * 0 

4 5 0 

140 

15 

7 . 2 

7 . J 

1 1 4 , . s 

l . fc 

0 . 5 

2 . " 

i . n 

2 . 5 

0 . 2 

3 . 4 

3 . 6 

4 . 9 

U V , 

J * . » 

1 I . ' 

•»T 

2 * . 5 

» 1 . 5 

7 . 0 

« t 

94 

1 5 ) 

77 

10 

1 . 7 

1 . 2 

147 

1 . 4 

0 . 7 

1 )»ps 

ft.nm 

0 . 0 1 7 

0 . 2 1 

0 . 1 2 

0 . 1 9 

0 . 0 1 0 

0 . 7 2 

0 . 7 4 

5 . 1 

1 . 9 1 

0 . 4 3 

-
-
-

0 . 5 2 

-
-

2 1 4 . 2 4 0 . . . 

0 . 4 * 7 

9 . ' 5 5 

1 . 0 9 

n . 5 f c 

0 . » 4 

0 . 0 * 7 

1 . 2 * 

( . 4 5 

2 2 . 4 

9 . 2 

1 . S 5 

0 . 13 

0 . O S 7 

0 . 114 

2 . 2 7 

0 . 16 

0 . 0 6 0 

2 4 1 
km 

i . f l * » 

o.n (5 

0 . 1 !2 

0 . 0 * 9 

0 . 0 7 ! 

0 .010 

0 . I I I 

0 . 0 * 1 

2 . 1 

l . » 7 

0 . 1 9 1 

o.ot 

S.D .L . 

0 . 0 2 4 

0 . 4 1 

0 . 0 1 5 

0 . 0 0 3 

Fu.ve.: Fucus vesiculosus; Fu.se.: F-'ucus serratus; Fu.sp.: Fucus spiralis; As.no.: Ascophyllum nodosum; 

Pe.ca.: Pelvetia canaliculata; La,di.: Laminaria diqitata 

'Samples collected and analysed by the University of Lund. 

tors given by Holm et al.10': Fucus serratus: 1.77, Fucus spira

lis: 1.85, Ascophyllum nodosum: 0.48 and Laminaria: 3.85, we 

get the following two equations: clockwise (southward) from 

station 56: Bq 99Tc kg"1 = 1780 A-0,36, and anticlockwise 

(northward) from station 56: Bq 99Tc kg-1 = 2900 A~0.84 for 
137Cs, we found: Bq 137Cs kg-1 = 230 A-0*33 (clockwise) and Bq 
137Cs kg"1 = 300 A - 0 , 8 6 (anticlockwise), where A is the distance 

in km from station A. In case of 137Cs we did not transfer the 

levels to Fucus vesiculosus, because the various species do not 

differ significantly with respect to 137Cs concentration factor. 

We notice that 99Tc and 137Cs show the same pattern. The levels 

are generaly lower south of location 56 than northward, but the 

activity decreases more rapidly northward. 

As compared with the 137Cs concentrations found on the English 

side of the Irish Sea the Irish levels were for the same latti-

tude band (54°N-55°N) lower by one order of magnitude and the 
99Tc levels were approximately 7 times lower on the Irish side. 

http://Fo.se
http://Fu.se
http://As.no
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4.8. Technetium-99 in seaweed collected along the Norwegian 

West-coast, at Svalbard and at Jan Mayen in 1980-1984 

Institute of Energy Technology in Norway has with financial 

support from the Nordic Council of Ministers collected seaweed 

samples along the Norwegian coast since 1980**' 15) ̂  T n e sampies 

have been analysed for radiocesium, transuranic and techne

tium-99. Table 4.8.1 show the ^Tc data from four stations 

ranging from station 3 in the far north to station 10 in south 

Fig. 4.8.1. Sampling locations for sea weed along the 
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Table 4.8.1. Technetium-99 in Fucus vesiculosus collected along the Norwegian west coast 1980-1984 

S t a t i o n No. 
( c f . F i g . 
4 . 8 . t ) 

9 9 . -1 Bq " T c Kg" d ry weight Est imated t r a n s i t time Approximate d i s t a n c e 
from S e l l a f i e l d in km from S e l l a f i e l d 

1980 1981 1962 1983 1984 in years w i t h c u r r e n t s 

Indre Kiberq 
70°17 'N 30 6 56 'E 20* 44 54 57 

Vestvågoy 
S8°10 'N 13°50'E 40* B5 94 149 

Bud 
62°3R'N 7 ° 3 5 ' E 60« 93 121 143 

Utsira 

59°19'N 4°54'F: 97* 200 107 144 178 

•Analysed by the University of Lund. 

31-4) 

4000 

23G0 

en 

cr 
CD 

1000 2000 3000 4000 5000 
km 

6000 7000 

Fig. 4 . 8 . 2 . Four-year observations of 99Tc in Fucus vesiculosus 

collected along tht Norwegian west coast in 1980-1983. 
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Taole 4.8.2. Technetium-99 in sea weed collected at Svalbard and 

Jan Mayen in 1983 

Station Location Species Date of Bq "Tc kg-1 

No. (cf. Fig. 4.8.3) sampling dry weight 

20-1 

20-2 

20-3 

23-5 

23-6 

23-7 

23-8 

23-9 

23-10 

23-11 

Jan Mayen 
71°00'N 8°00'W 

Jan Mayen 
71°00'N 8°00'W 

Jan Mayen 
71°00'N 8°00'W 

Hinlopen 
79°50'N 18°20'E 

Dickson Fjord 
78°46'N 15°00'E 

Gråhuken 
79°50'N 14°30'E 

Calypsobyen 
77°45'N 14°20'E 

Mosselbakta 
79°50'N 16°00'E 

Kapp Martin 
77°45'N 13°45'E 

Dickson Fjord 
78°46'N 15°00'E 

Al.es. 

La.di. 

La.sa. 

Al.es. 

Fu.sp. 

Al.es. 

Al.es. 

Fu.sp. 

Al.es. 

Al.es. 

29 Aug 

29 Aug 

29 Aug 

29 July 

5 Aug 

13 Aug 

16 Aug 

30 Aug 

14 Sep 

5 Aug 

1.5 

0.62 

0.74 

1.93 

8.0 

6.9 

2.4 

9.9 

3.2 

6.7 

Al.es.: Alaria esculenta; La.di.: Laminaria digitata; 

La.sa.: Laminaria saccharina; Fu.sp.: Fucus spiralis. 

west Norway (cf. Fig. 4.8.1). From 1980 to 1983 the levels at 

the northern stations increased by a factor of 3 while the 

southern increased by a factor of 1.5 to 2 (cf. Fig. 4.8.2). 

The transit time from Sellafield to station 10 is approximately 

3 years, while we assume that it takes approximately 4 years 

for the effluents to reach station 3 in the north^). If we 

use the Sellafield discharges given in Table 4.4.2 and calcu

lated in 4.5, we oan estimate the following transfer factor« to 

Fucus vesiculosus collected along the Norwegian coastline. 

Station 3: 0.7±0.2 Bq 99Tc kg-1 per TBq 99Tc a~1 ; station 6: 

1. 3±0.5; station 8: 1.5±C5 and station 10: 1.9±0.4: (n = 4, 

± 1 S.E.). As mentioned earlier (4.5) we may in the later 

years also see a contribution of 99Tc from Cap de la Hague. 

This may explain why the transfer factors are increasing in 

1982, and in particular in 1983. 

http://Al.es
http://Al.es
http://Al.es
http://Al.es
http://Al.es
http://Al.es
http://Al.es
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10° 15° 20° 25° 30° 

I I L_ 
15° 20° 25° 

Fig. 4 .8 .3 . Sampling locations for sec weed at Svalbard 
(cf. Table 4 .8 .2 ) . 

Table 4.8.2 shows some results from Jan Mayen and Svalbard 

(cf. Pig. 4,8.3) from samples collected in 1J83. Compared with 

the 99Tc levels found in 1981 by Holm et al.15* at Svalbard 



- 86 -

there have only been minor changes in 1983. Unfortunately, none 

of the samples consist of Fucus vesiculosus. However, if we 

use the correction factors given by Holm et al.1**) (cf. 4.7) 

we may estimate that the hypothetical Fucus vesiculosus level 

has been 2-3 Bq 99Tc kg-1 at Jan Mayen and 16-17 Bg 99Tc kg-1 

at Svalbard. If the transit time to Jan Mayen is 6-7 years ̂ ^ 

and if the fallout background in Fucus is 1-2 Bq 99Tc kg-1 (cf. 

4.3) the transfer factor becomes approximately 20 Bq 99Tc kg-1 

per PBq 99Tc a-1. At Svalbard, to where tho transit time is 5-6 

years7), the transfer factor becomes approximately 120 Bq 99Tc 

kg-1 per PBq 99Tc a-1. 

These hypothetical transfer factors to Fucus from Jan Mayen and 

Svalbard are lower by nearly an order of magnitude than we 

would expect from our seawater measurements"'. As the transfer 

factors calculated from the Greenland f'jcus samples (cf. 4.3), 

on the other hand, are an order af magnitude higher than ex

pected from the seawater measurements, we need more information 

on Fucus (and other algae) and seawater 99Tc concentrations in 

the Arctic. As mentioned above (4.3) the concentration factor 

for 99Tc in Fucus may show local variations. 

4.9. Intercomparison studies of transuranics in North Atlantic 

deep sea sediments from the NEA dumpsite 

Two cores (Nos. 4 and 11) taken on the Tyrrc 82 cruise to the 

NEA dumpsite (45°50'N to 46°10'N and between 16°W and 17°30'y) 

in August-September 198216) were obtained from Dr. V. Noshkin, 

Lawrence Livermore National Laboratory. The cores had been sec

tioned into 1 cm depth increments and thj surface area of each 

section is 28.2 cm2. The two cores were subcores from two dif

ferent 0.25 m2 Mark III box cores, from each of which Dr. 

Noshkin had analysed another duplicate subcore. 

Ten (or twenty for the weakest samples) grammes aliquots of 

dried sediments were malysed for Pu and Am by the methods of 

Talvitie17* and Holm18). 
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Table 4.9.1. Plutonium and amerieium in core T 8204 B collected 

a t the NEA 

No. 

PMSG 088 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

\ dump s i t e ir. 1982 

Segment 
i n cm 

0-1 

1-2 

2-3 

3-4 

4 -5 

5-6 

6-7 

7-8 

8 -9 

9-10 

10-11 

239 ,240 P l i 

Bq k g - 1 Bq m - 2 

0.36 ( 7) 

0 .164 (10 ) 

0 .100 (10) 

0 .067 (13 ) 

0.C49 (16 ) 

l o s t 

0 . 3 1 4 8 ( 1 8 ) 

0 .040 (17 ) 

0 . 0 1 8 2 ( 2 1 ) 

0 . 0 0 9 2 ( 2 7 ) 

0 . 0 0 6 7 ( 3 3 ) 

2 .43 

1.17 

0 .71 

0 .50 

0.34 

-

0 .11 

0 .30 

0 .14 

0 .07 

T.06 

2 3 9 P u 

Bq k g " 1 

0 .023 ( 2 3 ) 

0 . 0 1 5 6 ( 3 0 ) 

0 . 0 0 8 4 ( 2 7 ) 

0 . 0 0 4 7 ( 3 3 ) 

-

-

-

-

-

-

-

241Am 
Bq kg~1 

0 .093 ( 1 0 ) 

0 . 0 1 8 ( 3 2 ) 

-

-

-

-

-

-

-

-

-

The relative S.D. (v %) due to counting statistics are shown in 

brackets. 

Core 4 (Table 4.9.1) shows an exponentially decreasing 239,240Pu 
concentration with a half depth of 2 cm. Core 11 (Table 4.9.2) 

shows a subsurface maximum at 2-4 cm depth. The 239,240pu in

ventories of the two cores down to 11 cm were 5.83 Bq m~2 (0.16 

mCi km"2) and 7.01 Bq m-2 (0.19 mCi km"2), respectively. 

Noshkin16) found 0.16 and 0.22 mCi 239,240Pu \m-2 f respectively, 

in his corresponding subcores. The mean ratio of the concentra

tions in the various layers found by Risø and Livermore was 

1.08*0.70 (n = 18; ± 1 S.D. ). This shows that the horizontal 

activity distribution of the box cores are inhomogeneous. How

ever, the inventories of the 0-11 cm layers within a core are 

the same. The results, furthermore, show that there is no sys

tematic bias between the Pu-analysis performed by Livermore and 

Risø. 
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Table 4.9.2. Plutonium and americium in core T 8211 B collected 

at the NE* 

NO. 

PNSG 198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

i dump site in 1982 

Segment 
in cm 

0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

239,240Pu 
Bq kg-1 Bq m - 2 

0.23 

0.093 

0.172 

0.207 

0.054 

0.074 

0.027 

0.030 

0.035 

0.045 

( 9) 

(11) 

( 6) 

( 7) 

(17) 

(10) 

(16) 

(17) 

(17) 

(14) 

0.0135(27) 

1.41 

0.66 

1.22 

1.63 

0.40 

0.55 

0.21 

0.22 

0.28 

0.33 

0.10 

239pu 

Bq leg"1 

0.0172(32) 

-

0.0187(30) 

-

-

0.0040(33) 

-

-

-

-

-

241Am 
Bq kg~1 

0.098 (12) 

-

0.054 (14) 

0.038 (18) 

-

-

-

-

-

-

-

The relative S.D. (in %) due to counting statistics are shown in 

brackets. 

The 238Pu/239,240pu m e a n ratio was 0.08±0.02 (n = 7; +1 S.D.) 

and the 241 Am/239'240Pu mean ratio was 0.26±0.12 (n = 5; ± 1 

S.D.). These ratios are compatible with those expected from 

global fallout. We can thus support the conclusion of Noshkin16) 

who stated that no evidence of plutonium contamination in these 

samples from any other source than global fallout had been 

found. 

Throughout the years Risø National Laboratory has participated 

in the intercalibration exercises organised by the IAEA Monaco 

Laboratory. 

In the intercomparison of marine sediment SD-N-1/1'9) we had 

laboratory code No. 3. The mean of the accepted 239,240Pu re_ 

suits was 0.57, we found 0.53 (mBq g " 1 ) ; our 238Pu and 211Am 

results were also within the accepted range. 
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