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Abstract. Measurements of fallout radioactivity in the Faroes in 

1981 are presented. Strontium-90 (and 137Cs in most cases) was 

determined in regularly collected samples of precipitation, grass, 

milk, fish, sea water, bread and drinking water. In addition, 

analyses were made of spot samples of lamb, sea birds, potatoes, 

sea plants, vegetables, eggs, and human bone. Estimates are given 

of the mean contents of 90Sr and 137Cs in the human diet in the 

Faroes in 1981. In Appendix the results from samplings of sea 

water and biota along the Icelandic and the Norwegian coasts are 

given. 
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ABBREVIATIONS AND UNITS 

J: joule: the unit of energy; 1 J « 1 Km (« 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-1 (« 100 re«) 

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

cal: calorie = 4.186 J 

rad: 0.01 Gy 

ren: 0.01 Sv 

Ci: curie: 3.7-101« Bq (= 2.22-10™ dp«) 

T: tera: 1012 

G: giga: 109 

N: mega: 106 

m: milli: 10~3 

u: mikro: 10~6 

n: nano: 10~9 

p: pico: 10"^2 

f: femto: 10"15 

a: atto: 10~18 

cap: caput: (per individual) 

TNT: trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent 

to 109 kg TNT. 

cpm: counts per minute 

dpm: disintegrations per minute 

OR: observed ratio 

CF: concentration factor 

PP: fission products 

uR: micro-roentgen, 10~*> roentgen 

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

O.R.:observed ratio 

M.U.rpCi 137Cs (g K)"1 



- é -

V: vertebrae 

•: Male 

f: female 

nSr: natural (stable) Sr 

eqv. mg KCl: equivalents «g KCl: activity as fro« 1 mg KCl 

(~ 0.88 dp«) 

S.D.: standard deviation 

S.E.: standard error 

V (n-1) 

, / K X - X J ) 2 

* n(n-',) 

U.C.L.: upper control level 

L.C.L.: lower control level 

S.S.O.: sun of squares of deviation: Kx-x^) 2 

f: degrees of freedom 

s2: variance 

v2: 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 

A: relative standard deviation 20-33% 

B: relative standard deviation >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%) 
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1. INTROnuCTUm 

1.1. 

The fallout progra—ic for the Faroes« which was initiated in 

19621) in close co-operation with the National Health Service and 

the chief physician of the Faroes, was continued in 1981. Samples 

of human bone were obtained in 1981 froa Dronning Alexandrine's 

Hospital in Thorshavn. 

7°W 

62°N 62°N 

7°W 

Fig. 1. The Faroese Islands. 
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1.2. 

The present report will not repeat inforution concerning saaple 

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, 404, 422 and 4481). 

1.3. 

The estimated nean diet of the Paroese as used in this report is 

still based on the estimate given by Professor B. Hoff.Jørgensen, 

Ph.D., in 1962. 

1.4. 

The present investigation was carried out together with corre

sponding examinations of fallout levels in Denaark and Greenland, 

described in Risø Reports Nos. 4692) and 471^), respectively. 
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2. RESULTS AND DISCUSSION 

2.1. Strontiun-90 in precipitation 

Table 2.1 shows the 90Sr content in precipitation collected at 

Hejvig (near Thorshavn) and Klaksvig in 1981. The amount of fall

out at Klaksvig was a factor of 1.2 greater than th*t found at 

Højvig. 

The 90Sr fallout in 1981 was approximately 2.1 tines of the 1980 

levels in the Paroes. In Denmark the 1981 levels were 3.0 tines 

the 1980 levels2). 

Table 2.1« Strontijm-90 in precipitation in the Paroes in 1981 (sampling 
area * 0.02 

Jan-Feb 

March-April 

Kay-June 

Ju.y-Aug 

Sept-Oct 

Nov-Dec 

1981 

«2) 

Bq m~ 3 

15.5 

26 

39 

28 

10.7 

5.9 

18.6 

Hojvig 

C 

Bq m-2 

4.2 

4.3 

6.4 

3.0 

3.3 

1.32 

23 
; 1.236 

Bq m~3 

14.2 

52 

31 

28 

4.3 

4.4 

13.5 

Klaksvig 

Bq w~2 

6.8 

2.0 

9.9 

3.5 

2.4 

2.1 

I 27 
Zm 2.004 

1981 0.50 pCi 1_1 i 0.62 mCi km-2 0.36 pCi l-1 I 0.72 mCi km"2 
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fig. 2.1. Accumulated *°Sr at Klaksvig and Højvig calculated 

from precipitation meav »-eaents sine* 19(2. The accumulated 

fallout by 1962 was estimated from the Danish fallout data 

(cf. Rise Report No. 4032>, Appendix D) and fro« the ratio 

between the 9 0Sr fallout at the Faroese stations and the fall

out in Denmark in the period 1962-1974. 

2.2. Strontiu»-90 and Cesium-137 in grass 

Grass samples were collected near Thorshavn in 1981. Table 2.2 

shows the results. The 1981 137Cs mean level in grass was 2.1 

times the 1980 level. As compared with Danish grass in 19812) 

we found the 90Sr level in the Paroese grass to be higher by a 

factor of approximately 10 in the summer months. 

Table 2.a. Strontiutt-90 and Ceaium-137 in erase fros Thorshavn 1991 

month Bq »°fr kg*1 »g ,0»r (kg Ca)-f ma t37Cs kg*1 Bg ,,7Cs (kg «)*' ,J7Cs/*°»r 

June 

August 

4.9 

4.9 

•300 

11400 

9.9 

19.5 

1920 

•400 

1.9 

2.9 
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2,3. Strontiua-90 and Cesiaa-137 in ailfc 

As in previous years1), weekly saaples of fresh ailk were ob

tained froa Thorshavn, Klaksvig« and Tvari. Strontiua-90 and 
137Cs were determined in bulked nonthly samples. 

Table 2.3.1 shows the results and Tables 2.3.2, 2.3.3 and 2.3.4 

the analysis of variance of the Bq 90Sr (kg Ca)'1. Bq 137Cs 

(kg I) - 1, and Bq ,37Cs a~3 figures respectively, as also ob

served in previous years, the variation between locations was 

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

were found in the »ilk frost Tverå. 

Pigure 2.3.1 shows the quarterly Bq 90Sr (kg Ca)_1 values and 

Pig. 2.3.2 the quarterly Bq 137Cs a~3 levels since 1942. The an

nual nean values for 1981 were 250 Bq *°Sr (kg Ca)"1 («.«. S.O.) 

and 5100 Bq 137Cs a-3 (138 pCi 137Cs l"1), i.e. the 90Sr levels 

in 1981 were 89% of the 1980 concentration, while the 137Cs levels 

were approximately 119% of the 1980 aean levels. In Danish ailk 

the *°Sr concentration did not change froa 1980 to 1981, but the 
137Cs 1981 level was 120% of the 1*80 content. 

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

(kg Ca)_1 in Faroese ailk are shown in Fig. 2.3.3. The aean ratio 

in 1981 for the tht- locations was 12.5*0.6 (1 S.E.) during the 

gracing period (Nay-October), and in the winter tiae it was 

12.8±0.6. 

Figure 2.3.4 shows a comparison between the *°Sr and 137Cs levels 

in Faroese- and Danish-produced ailk. 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 

ailk increases when the fallout rate decreases. The ratios between 

the 90Sr levels in Faroese and Danish ailk have shown a slight 

tendency to decrease through the years. 



Table 2.3.1. Strontiua-90 and Cesiun-137 in »ilk fro« the Faroes in 1981 

Thorshavn Klaksvig Tvarå Mean 

Month Bq ">Sr Bq 137Cs Bq 137Cs Bq ">Sr Bq '"Cs Bq 137Cs Bq 90Sr Bq 137Cs Bq ,37C« Ba 90Sr Bq 137Cs Bq 1J7C« 
(kg Ca)-' «-3 (kg K)~1 (kg Ca)"1 W 3 (kg K ) _ 1 (kg Ca) - 1 w - 3 (kg K ) _ T (kg Ca) - 1 m-3 (kg K>-' 

Jan 

Feb 

March 

April 

Nay 

JU"<i 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

169 

118 

183 

166 

T8U 

184 

260 

280 

270 

210 

200 

220 

2300 

1200 

2300 

2100 

2400 

2100 

2500 

4300 

3900 

2400 

2500 

2100 

1320 

1510 

1440 

1230 

1450 

1580 

1600 

2800 

2300 

1530 

1630 

1380 

230 

220 

137 

200 

220 

190 

230 

360 

270 

290 

168 

220 

5200 

5200 

2200 

6200 

5700 

3200 

6200 

5500 

6600 

7000 

4700 

4600 

2900 

3100 

1410 

3500 

3300 

3600 

3400 

3600 

4100 

4100 

3000 

2900 

220 

250 

210 

2S0 

300 

340 

430 

490 

400 

350 

210 

230 

5300 

5200 

5900 

5900 

6000 

7600 

9100 

12000 

12800 

6700 

6100 

3900 

3000 

3500 

3700 

3900 

3500 

4900 

5200 

6900 

7800 

4600 

3600 

7 00 

210 

195 

175 

210 

240 

240 

310 

380 

320 

280 

192 

220 

4300 

4200 

3500 

4700 

4700 

5000 

5900 

7300 

7800 

5400 

4400 

3500 

2400 

2700 

2200 

2900 

2800 

3400 

3400 

4«C0 

4700 

3400 

2700 

2400 

Mean 200 2600 1600 230 5400 3200 310 7200 4400 250 5100 3100 

Mean 5.5 S.U. 70 pCi 45 M.U. 6.2 S.U. 145 pCi 88 M.U. 8.3 S.U. 195 pCi 120 K.U. 6.6 S.U. 138 pCi 86 M.O. 

(pci) '"es i-' 137cs i"1 iS'cii-' i" C 8 i-i 
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Table 2 . 3 . 2 . Analysis of variance of In Bq 9 0 Sr (kg Ca)~1 in 
Faroes« milk in 1981 (from Table 2 .3 .1) 

var iat ion SSD f s 2 v 2 P 

Between months 1.800 11 0.164 6.263 > 99.95% 

Between loca t ions 1.000 2 0.500 19.127 > 99.95% 

Remainder 0.575 22 0.026 

Table 2 . 3 . 3 . Analysis of variance of In Bq 137Cs (kg K)_ 1 in 
Faroese milk in 1981 (from TaMe 2 .3 .1 ) 

Variation SSD f s 2 v 2 P 

Between months 1.795 11 0.163 4.520 > 99.5% 

between locat ions 6.200 2 3.100 85.862 > 99.95% 

Remainder 0.794 22 0.036 

Table 2 . 3 . 4 . Analysis of variance of In Bq 137Cs m~3 in Faroese 
milk in 1981 (from Table 2 .3 .1) 

Variation SSD f s 2 v 2 V 

Between months 1.874 11 0.170 3.621 > 99.5% 

Between locat ions 6.457 2 3.228 68.627 > 99.95% 

Remainder 1.035 22 0.047 
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Pig. 2.3.1. Srcontium-90 in Paroese milk, 1962-1981. 
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Pig. 2.3.2. CeBium-137 in Paroese milk, 1962-1981. 
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Fig. 2.3.3. M ' ° ' ratios in Paroese and Danish milk, 1963-1981, 
— a S.O. 

60 i—i—|—i i i i i—i i i—i—i—i—i—n—i—r—i—n—m—r 

0137Cs in Faroese milk/in Danish milk 
50 - v 90Sr »# » , / » 
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YEAR 

Fig. 2.3.4. A comparison between Faroese and Danish milk 

levels, 1962-1981. 
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2 . 4 . Strontium-90 and Cesium-137 in t e r r e s t r i a l animals 

The 1981 l eve l s in one sample of mutton were 0.32 Bq 9 ° g r kg"1 , 
97 Bq ^ c s k g - 1 , 3300 Bq 9 0 Sr (kg Ca)"1 and 30 000 Bq 137Cs 

(kg K)"1 . The bone leve l was 3300 Bq 9 0 Sr 'kg Ca)"1 . 

3*10'I- ° 
O 

a o 
C7> 

* 2x10* - o 

o a* 

KT 

a 
1X104 

T — I — I — r — \ — I — I — ! — I — I — I — I — I — I — l — I — I — I — I — I — I — r 

o Q oo o 
Q ° ° 
o ° ° O O O 

° O 8gO o o 
o o ° o " ° o 

°0 °8oo 
i i • l • i i ' i I I—l—l—L-J I l ^ l u l 65 70 75 

YEAR 
80 

1000 

800 

4 600 S 

J I I L 

400 
t/) 
o 

a 

- 200 

85 

Fig. 2.4.1. Strontium-90 (Bq (kg Ca)"1) in lamb bone collected 

in the Faroes, 1962-1981. 
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Pig. 2.4.2. Cesium-137 (Bq (kg K)-1) in lamb meat collected 

in the Faroes, 1962-1981. 

2.5. Strontium-90 and Cesium-137 in sea animals 

Table 2.5.1 shows the 137Cs levels in fish collected in 1981 in 

the Faroes. The mean levels in Gadus aeglefinus and Gadus cal-

larias were 0.34 Bq 13?Cs kg"1 and 0.031 Bq 90Sr kg-1. 

Tabla 3 . 5 . 1 . Strootium-»0 and Casiu*-137 in f u n Math fro« the Faro«« in 1911 

Sampling Spvciea 
•onth 

Sample typa Bq »«Sr | , ,-1 aq »0«r (ka Cat"' Bq ,37C« kq-1 Sq U'c» |kg *>" 

Jan 

March 

»tpt 

Ote 

Gados eallaria* Cod (lcah 

Jan 

March 

»apt 

Dae 

Gadus aaqlafinu« Haddock Main 

m m • 

- » * 

0.022 

0.092 

0.036 

0.031 

0.034 

0.023 

o.ost 

0.0170 

220 

340 

330 

310 

240 

200 

520 

122 

0.31 

0.31 

0.22 

0.89 

0.32 

0.23 

0.33 

0.141 

St 

»0 

«0 

240 

»5 

70 

19 

44 
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Cesium-137 levels in neat of cod (Gadus callarias) 

and Haddock (Gadus aeglefinus) collected in the Faroes, 1962-1981), 

2.6. Strontium-90 in drinking water 

Drinking-water samples were collected as previously but the 

samples were combined before the analysis as shown in Table 2.6.1. 

As in previous years, drinking water from Thorshavn contained 

more 90Sr than that from Tværå (cf. the explanation in Risø Re

port No. 1811). The mean level in 1981 was 4.4 Bq 90Sr m"3 (0.12 

pCi 1-1), i.e. a little lower than in 1980. 

Table 2.6.1. Strontium-90 in drinking water 

from the Paroes in 1981 (Unit: Bq m - 3) 

Thorshavn Klaksvig Tvarå 

Jan-June 

July-Nov 

9.2 

5.5 

1.90 

1.30 

4.5 

4.0 

1981 7.4 1.60 4.2 
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Fig. 2.6.1. Strontium-90 in drinking water from the Faroes, 

1962-1981. 

Pigure 2.6.1 shows the annual mean levels of 90Sr in drinking 

water from the three locations since 1962. 

The tritium concentrations in Faroese drinking water (Table 2.6.2) 

did not follow the 90Sr levels. The mean tritium level in 1981 was 

3.9±1.1 (1 S.D.) kBq m"*3, this is approximately 3/4 of the 1980 

level. 

Table 2.6.2. Tritium in drinking water from the 

Faroes in 1981. (Unit: kBq m"3) 

Thorshavn Klaksvig Tv»ra 

Jan-March 3.1 ±0.2 3.0*0.4 4.1*0.4 

July-Sept 5.2*1.5 5.0*0.2 2.8*0.5 

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

determinations. 
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2 .7 . Strontium-90 and Cesium-137 in miscellaneous samples 

2 . 7 . 1 . Soi l 
In June we collected 3 soil cores (6.5 cm in diameter) at Hoyvik. 

The samples were analysed for *37Cs an<j potassium. The two loca

tions: F 13 and F 14 gave similar results down to 50 cm. The ac

cumulated 137Cs level in these cores was 4400 Bq m"2 or 118 mCi 

137Cs km-2. if the 137Cs/90sr ratio in fallout is 1.6 the calcu

lated 90Sr fallout in these samples would have been 2750 Bq m~2 

(or 74 mCi km" 2). The third location (F 15) showed 50% higher 
137Cs levels than the two others. In 19671) we collected soil 

samples in the same area. At that time the accumulated fallout 

down to 50 cm was measured to 8180 Bq 137Cs m~2 or 221 mCi km""2. 

If we correct for decay and for new fallout since 1967 we would 

expect a level in 1981 similar to that found at F 15. He believe 

that this location has received some run off which makes the 

measured soil levels higher than that expected. 

Figure 2.7.1. shows the distribution of the 137Cs activity at 

Hoyvik as a function of depth in 1967 and 1981. Although the 

levels have decreased since 1967 it is remarkable that the dis

tribution is nearly unchanged. Approximately 90% of the activity 

in the 50-cm layer is found in the upper 20-cm layer. 

Table 2.7.1. Cesiua-137 in »oil collected at Hdjvig at 3 locations, June IS, 1981 

P 13 P 15 P 14 P 13 P 15 P 14 
Depth «______________^__________________________»___-___»____^___ 
in cm ~ 

Bq kg"1 Bq m-2 Bq kg-1 Bq «T2 Bq kg-1 Bq m"2 ; l kg"' dry w. 
dry v. dry w. dry v. 

1.21 1.43 

1.37 0.86 

0.87 0.»4 

0.61 0.58 

0.57 0.27 

74 4560 1.04 

0.72 0.62 

0.64 0.55 

0-10 
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70-60 
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128 
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7.7 

2.8 

2.2 

2.4 

2.6 

2910 
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68 

4196 
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62 
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45 

16 
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Fig. 2.7.1. Cesium-137 in Faroese soil samples collected in 

1967 and 1981. 

From earlier years' observations we estimate the accumulated 

fallout at Thorshavn to be 2540 Bq 90Sr m-2 and that at Klaksvig 

to be 4710 Bq 90Sr m"2 (cf. Fig. 2.1). 
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2.7.2. Sea water 

Surface sea water was collected near Thorshavn on four occasions 

in 1981. The 90Sr mean level was 3.0 Bq 90Sr ra~3 and 3.4 Bq i;*7Cs 

m -3 

Table 2.7.2.1. Strontiun-90 and Cesium-137 in surface 

sea water 

Sampling 
month 

March 

April 

August 

December 

from 

Bq 

the Faroes 

9°Sr a"3 

3.0 

3.1 

3.3 

2.7 

in 1981 

Bq 137Cs ra'3 

3.5 

3.3 

3.1 

3.6 

Salinity 
o/oo 

35.2 

35.3 

' .0 

35.0 

Figure 2 .7 .2 shows the 9 0Sr l e v e l s s ince 1962. 
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Pig. 2.7.2. Strontiun-90 and Cesium-137 in Paroese sea water, 
1962-1981. 
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The 137c s/90sr rat io was 1.13±0.17 (1 S .D. ) , i . e . probably l e s s 
than expected in ocean water. 

Tritium was Measured in Paroese sea water co l lec ted in 1981 
(Table 2 . 7 . 2 . 2 ) . 

Table 2 . 7 . 2 . 2 . Tr i t iu* in surface sea 
water fro« the Faroes in 1*01 

Month kBq 3H K" 3 Sa l in i ty 
±1 S.B. o/oo 

March 1.41*0.37 3S.2 

April 1.CCtO.SC 35.3 

August 0.92*0.11 35.0 

Deceaber 1.05*0.37 35.0 

The error tern i s 1 S.B. of the ac-an of 
double determinations. 

The nean concentration (±1 S.D.) was 1.48*0.40 kBq 3H s T 3 . This 
i s lower than in 1980 where we found 4.35±0.35 (M * 1 ) . In Worth 
Se& water the tritium concentrations varied between 0.4 and 3.3 
kBq nT3. 

2 . 7 . 3 . Sea plants 
Two samples of Laminana were analysed in 1981. They contained 
3.2 Bq 9 0Sr kg"1 ash (47 Bq 9 0 Sr (kg Ca)'1) and 3.4 Bq 13?Cs &9"1 

ash (17 Bq 137Cs (kg K)~1) . Table 2 .7 .3 .2 shows the resu l t s of 
our own sampling in the Faroes in June 1981. 

TabU 2.T.i.I. Strontiua-90 and Caaiua-117 in sea Plants trom the Paroas in »»•« 

Spacias »sapling Bq *°tr (k« ash)-1 sq *°*r (ka Car' ft* ,,7C» {km as*)-' *m 1"c« fhf «>"' 
MOfltfl 

Leeinaria April 4.3 »2 4.0 la.s 
hyperboraa 

beam ria August 2.1 )2 2.* ti.a 
»meet irina 
Rho4,asnia August 1.24 »J S.I 27 
palaato 
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Table 2.7.3.2 compared with Table C.l in Appendix C shows that 
Bq kg"1 dry w. Fucus .,, 

the concentration ratio: , is 300 for IJ'Cs 
Bq 1"! sea water 

and (0.4 - 1.0)«104 for Pu. The ratios for laminaria were 200 

and 0.3»104, respectively. In Danish waters^) the concentration 

ratio for 137cs in Fucus varied between 200 and 700 showing an 

increase with decreasing salinity. In the case of Pu, Danish 

waters^) showed concentration factors to fucoids at (1-3)»10*. 

The concentration ratios in Faroese waters were similar to those 

in high-salinity Danish waters (cf. also Appendix C). 

40 

*o 1000 o 

CO 
© 

S 500 

i — i — i — r T — i — i — i — i — i — i — i — i — i — i — i — I — i — i — i — r 

O Laminaria sp. 
v Fucus sp. 

v 

v*v O 

o* o 

1° ° o 
o 

I I I I ° 8° 6S°^oO 
i I i l ^ i I l fciiLL l iV i i i_ 

3 0 . 
o o 

20 to 
o 
o> 

O 

a. 

10 

65 70 75 
YEAR 

80 85 

Fig. 2.7.3. Strontium-90 (Bq (kg Ca)"1) in sea plants collected 

at Thorshavn, 1962-1981. 

2.7.4. Vegetables 

One sample of potatoes was analysed in 1981. It contained 0.141 

Bq 90Sr kg"1 (3100 Bq 90Sr (kg Ca)~1) and 0.89 Bq 137Cs Xg"
1 

(200 Bq 137Cs (kg K)"1). Both levels were lower than those ob

served in 1980. 
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Pig. 2.7.4.1. Cesium-137 in Paroese potatoes, 1962-1981. 
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2.7.5. Bread 

Rye bread and whit« bread were collected at Thorshavn in June. 

The levels in white bread were 0.19 Bq 90Sr kg"1 and 0.10 Bq 
137Cs kg"1. The rye bread collected in 1981 contained 0.37 Bq 
90Sr kg-1 and 0.25 Bq 137Cs kg-1, i.e. the bread levels were 

higher than the 1980 levels. 

Tab!« 2.7.5. Stron.tiua-90 and Cesitm-137 in Paroese bread in June 1981 

Sort 

Wiite bread 

Rye bread 

Bq »°Sr kg"' 

0.192 

0.37 

Bq '°Sr (kg Ca)"' 

560 

200 

Bq 1 3 7Cs kg-1 

0.100 

0.25 

Bq ,37C« (kg «)-' 

57 

114 

The 137Cs and 90Sr (kg-1) levels in Paroese bread were generally 

lower than the corresponding Danish2). 

2.7.6. Eggs 

Eggs were collected from Thorshavn in June 1981. The levels of 

hens eggs were 0.030 Bq 90Sr kg"1 (92 Bq (kg Ca) _ 1 and < 0.04 

Bq 137Cs kg-1. 

2.8. Humans 

2.8.1. Strontium-90 in human bone 

In 1981 seven human bone samples representing 9 individuals from 

Dronning Alexandrine's Hospital in Thorshavn were analysed. Table 

2.8.1 shows the results. 

The mean level in bone of newborn infants was 95 Bq 90Sr (kg Ca)" 

(2.6 pCi 90Sr (g Ca)"1). 

The adult bone samples were all femur and the mean content was 62 

Bq 90Sr (kg Ca)"1 (1.7 pCi 90Sr (g Ca)"1). 

The bone levels in 1981 were in general higher than those ob

served in 1980. Compared to Danish bones in 19812) the Paroese 

bones contained approximately two times as much 90Sr. 
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Table 2.8.1. Strontium-90 in human bone collected in the Faroes 

in 1981 

Age Bone type Sex Bq 90Sr (kg Ca) - 1 S.U. 

Vertebrae N 

Vertebrae M 

0 

0 

61 years Femur 

79 years Femur 

82 years Femur 

82 years Femur 

86 years Femur 

Amputation F 

F 

M 

F 

M 

92 B 2.5 

98 A 2.6 

59 1.60 

59 1.59 

78 2.11 

75 2.03 

38 1.03 
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3. ESTIMATE OF THE MEAN CONTENTS OF 90Sr AND 137Cs IN THE 

HUMAN DIET 

3.1. Annual quantities 

The annual quantities are still based on the estimace made by 

Professor E. Hoff-Jørgensen, Ph.D., in 19621) assuming a daily 

per caput intake of approximately 3000 calories (12.6 MJ). 

3.2. Milk and cream 

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

origin, and 25% comes from Denmark. Hence the 9nSr content in 

milk consumed in the Faroes in 1981 was 1.2»(0.75»0.25 + 0.25*0.108) 

= 0.290 Bq 90Sr kg-1, and the 137Cs content was 0.75*5.1 + 

0.25-0.134 = 3.86 Bq 137Cs kg"1 (cf. 2.3 and ref. 2). 1 kg milk 

contains 1.2 g Ca. 

3.3. Cheese 

Nearly all cheese consumed in the Faroes is of Danish origin, and 

the Danish figures from ref. 2 were used: 0.92 Bq 90Sr kg-1 and 

0.10 Bq 137Cs kg-1. 

3.4. Grain products 

As most grain products are imported from Denmark, the Danish 

figures for 19812) 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 90Sr in grain products 

consumed in the Faroes in 1981 is 0.42 Bq 90Sr kg'1 and 0.33 Bq 
137Cs kg -1. 
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3.5. Potatoes 

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

origin. The values from Table 2.7.4 were used« i.e. 0.14 Bq 9wSr 

kg-1 and 0.89 Bq 137Cs kg-1. 

3.6. Other vegetables and fruit 

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

limited, the Danish figures from 19812) were used. Thus the mean 

contents in vegetables other than potatoes were 0.38 Bq 9nSr kg-' 

and 0.086 Bq 137Cs kg"1, and the mean contents in fruit were 

0.044 Bq 90Sr kg-1 and 0.09 Bq 137Cs kg-1. 

3.7. Meat and eggs 

Meat and egg consumption in the Paroes is estimated to consist of 

50% locally produced mutton (or lamb), 25% local whale meat, and 

25% sea birds and eggs. 

The mutton contained 0.32 Bq 90Sr kg"1 and 97 Bq 137Cs kg-1 (cf. 

2.4). Whale meat from 1980 contained 0.04 Bq 90Sr kg'1 and 0.19 

Bq 137Cs kg"1, sea birds from 1979 and eggs from 1981 (cf. 2.7.6): 

0.007 Bq 90Sr kg
-1 and 0.030 Bq *0 S r kg

-1, and 0.27 and - 0.04 Bq 
137Cs kg"1 respectively. 

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

sumed in 1981 to be 

0.50*0.32 + 0.25*0.04 + 0.25 .(10^07+0^030) , 0.175 Bq 90Sr kg-1 

and the 137Cs content to be 

0.50*97 + 0.25-0.19 + n.9S.(0.27+0.04i , 4 8 # 6 jjq 137C8 k g-1. 
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3.8. Pish 

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

contents in fish, obtained from subsection 2.5, were 0.031 Bq 

90sr kg"1 and 0.34 Bq 137Cs icg-1. 

3.9. Coffee and tea 

The Danish figures for 19812) were used, i.e. 0.66 Bq 90Sr kg-1 

and 2.21 Bq 137Cs kg"1. 

3.10. Drinking water 

The mean value found in Table 2.6.1 was used, i.e. 0.0044 Bq 90Sr 

kg"'. The 137cs content was estimated to be approximately one 

fourth (the ratio found in Mew York tap water in 19644)) of the 
90Sr content, i.e. 0.001 Bq 137Cs kg-1. 

Tables 3.1 and 3.2 show the diet estimates of 90Sr and 137Cs 

respectively. 
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Table 3.1. Estimate of the mean content of 90Sr in the human 

diet in the Faroe Islands in 1981 

Type of food Annual Bq '°Sr T o t 3 1 Percentage of 
quantity per kg Bq 9oSr total Bq '°Sr 
in kg in food 

Milk and cream 

Cheese 

Grain products 

Potatoes 

Vegetables 

Fruit 

Heat and eggs 

Fish 

Coffee and tea 

Drinking water 

146 

7.3 

80 

91 

20 

18 

37 

91 

7.3 

548 

0.29 

0.92 

0.42 

0.14 

0.38 

0.044 

0.175 

0.031 

0.66 

0.0044 

42.34 

6.72 

33.60 

12.74 

7.60 

0.79 

6.48 

2.82 

4.82 

2.41 

35.2 

5.6 

27.9 

10.6 

6.3 

0.7 

5.4 

2.3 

4.0 

2.0 

Total 120.32 

The mean annual calcium intake is estimated to be 0.6 kg 

(approx. 200-250 g of creta praeparata). Hence the ratio: 

Bq 90sr (kg Ca) - 1 in total Paroese diet was 200 (5.4 pCi 

90sr (g Ca) _ 1). 
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Table 3.2. Estimate of the Mean content of 137Cs in the human 

diet in the Faroe Islands in 1981 

Type of food Annual Bq 137Cs Total Percentage of 
quantity per kg Bq 137Cs total Bq 137Cs 
in kg in food 

Milk and cream 146 3.86 563.6 22.4 

Cheese 7.1 0.10 0.7 0 

Grain products 80 0.33 26.4 1.1 

Potatoes 91 0.89 81.0 3.2 

Vegetables 20 0.086 1.7 0.1 

Fruit 18 0.09 1.6 0.1 

Neat and eggs 37 48.6 1798.2 71.3 

Fish 91 0.34 30.9 1.2 

Coffee and tea 7.3 2.21 16.1 0.6 

Drinking water 548 0.001 0.5 0 

Total 

The 

1.2 

pCi 

mean 

kg. 1 
137C: 

annual intake of 

Hence the ratio: 

s (g KJ" -1>. 

2520.7 

potassium is estimated to 

Bq 137Cs (kg K)" 1 becomes 

be 

2100 

approx. 

(56.7 

3.11. Discussion 

Figures 3.1 and 3.2 show the Faroese diet levels since 1962. 

The 1981 90Sr level in the total diet was nearly equal to the 

1980 concentration, but the 137Cs level was 44% higher than that 

observed in 1980. 

The main contributors to the 90Sr content in the Faroese diet 

were milk products, cereals and potatoes, which together accounted 

for approximately 79% of the total 90Sr content in the diet in 

1981. As regards 137Cs, milk products, meat (lamb) and potatoes 

were the most important contributors. In 1981, 97% of the total 
137Cs content in the diet originated from these products. 
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The Faroese mean diet contained 1.3 times as much J0Sr and ap

proximately 16 times as much 1^7Cs as the Danish diet in 19812). 

As earlier1) mentioned, the year-to-year variations in the t^Cs 

estimates for Paroese diet are markedly influenced by the mutton 

and potatoe samples obtained for analysis. 
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4. CONCLUSION 

4.1. 

The 90Sr fallout rate in the Faroes in 1981 was approximately 25 

Bq 90Sr ra~2 (0.67 mCi km - 2). The accumulated fallout by the end 

of 1981 was estimated at approximately 3600 Bq 90Sr m-2 (98 mCi 

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

4.2. 

The mean level of 90Sr in Faroese milk was 250 Bq (kg Ca)"1 (6.6 

pCi (g Ca)-'). The 137Cs concentration was 5100 Bq 137Cs m~
3 (138 

pCi l" 1). 

Mutton contained 0.32 Bq 90Sr kg"1 (8.6 pCi kg-1) and 97 Bq 137Cs 

kg"1 (2.6 nCi kg"1). Fish showed a mean level of 0.34 Bq 137Cs 

kg""1 (9.2 pCi kg'1). 

The mean content of 90Sr in drinking water was 4.4 Bq m"3 (0.12 

pCi 1-1). 

The mean daily per caput intakes resulting from the Faroese diet 

in 1981 were estimated at 0.33 Bq 90Sr (8.9 pCi d~1) and 6.9 Bq 
137Cs (186 pCi d" 1). 

4.3. 

From the measurements on Faroese human bones, the Faroese bone 

level in 1981 was estimated at 70 Bq 90Sr (kg Ca)"1 (2 pCi 

(9 Ca)-1). 
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The mean content of 137Cs in the Paroese adult was estimated at 

approximately 6000 Bq 137Cs (kg K)~ 1 (160 pCi (g K)"1). This es

timate is based on the diet estimate. 
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APPENDIX A 

The models used for the predictions shown in Table A were based 
on data collected 1962-19766). If the predictions for previous 
years 1977-1980^) were considered too, we conclude that the 
model for 9 0Sr in milk overestimates the leve l and so do the 
models: for '^Sr in drinking water from Klaksvig, for 137cs j . n 

milk from Tvsrå and for 137Cs in potatoes . The following models 
underestimate the concentrations: ^^Sr in cod f i sh , ^Ogr in 
newborn bone, and probably also 1 3 7Cs in milk from Klaksvig. 

Table A. Comparison hetwevn observed and p r e d i c t e d ' ° S r ami " V i concen t r a t ions in r>r<wsr -,ampl»-, 
e n t t e c t e d in 19(1 

Sample 

Drinking water. 

— * _ 
r 

" " r 

Sea water 

Rye bread 

White bread 

Rye bread 

White bread 

Grass 

„ m „ 

Potatoes 

_ m _ 

Brown algae 

Milk 

Hi Ik Thorshavn 

Milk Klaksvig 

Milk Tvarl 

Mutton 

— • v 

Sheep bona 

Cod fish 

- * _ 

Newborn bone 

Thorshtvn 

Klaksvig 

Tver a 

Bq 

Bq 

»q 

Bq 

Bq 

8q 

Bq 

Bq 

Bq 

Bq 

Bq 

Bq 

Bq 

Bq 

Unit 

»°Sr 1.-3 

- • -

- • -

- • -

»°Sr kq-' 

. . . 

'"Cs Kg"' 

- • -

*°Sr (kg Ca)-' 

, 3 7Cs (kg K ) - ' 

*°sr kg"' 

'*?Cs kq-1 

, 0Sr (kg Ca)"' 

• • -

' " c , „-3 

» *» _ 

— • -

">Sr (kg Ca)"' 

, 3 7Cs (kg K ) - ' 

»<>Sr (kg Ca)-' 

•> • -

137c, kg-1 

»°Sr (kg C a ) " ! 

Observed 
•1 S.E. 

7.4 M.6 

1.6 -0.3 

4.2 '0 5 

3.0 »0.13 

0.17 

0.27 

0.25 

0.10 

((50 t2550 

5200 t3400 

0.14 

0.9 

47 »15 

250 »1( 

2370 (265 

5500 »240 

6900 '860 

3200 

30000 

3300 

220 '40 

0.34 '0.08 

95 «3 

Number 
of 

samples 

2 

2 

2 

4 

1 

1 

1 

1 

2 

2 

1 

1 

2 

12 

12 

12 

12 

1 

1 

1 

( 

B 

2 

Predicted 

17.4 

1.2 

4.1 

2.5 

0.78 

0.19 

0.49 

0.19 

9350 

2275 

0.23 

7.0 

116 

435 

2620 

27O0 

1265G 

2000 

6000 

2(20 

30 

0.24 

9.5 

Obs./pre. 
»1 S.E. 

0.42'0.10 

0.50 to.59 

0.98-0.06 

1.20 !0.05 

0.45 

1.42 

0.51 

0.53 

0.95!0.27 

2.29!1.50 

0.61 

0.13 

0.40'O.U 

0.57t0.04 

0.90 t0.10 

2.04t0.0( 

0.55 t0.07 

1.60 

5.00 

1.17 

7.3 J1.J 

1.42t0.14 

10 «0.1 

Mode I i 

C.1.4.1 

L.I.5.1 

C.2.3.1 

C.2.4.1 

C.2.4.2 

C.2.5.1 

C.2.5.3 

C.2.7.1 

C.J.3.1 

C.1.3.2 
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APPENDIX B 

Algae from West Norway 

In 1980, Gordon Christensen, of the Institute of Energy Technol

ogy, and T. Bertelsen, of the Norwegian Institute of Radiation 

Hygiene, sampled algae along the entire Norwegian coastline. A 

number of these samples have in an intercalibration effort been 

analysed at Risø. The results of the plutonium determinations 

are shown in Table B.1. 

Risø participated at two of the Norwegian locations, Bud and 

Vågsøy, and made supplementary samplings there (cf. Figs. B.1 

and B.2). Table B.2 shows the Pu determinations of these samples, 

Table B.1. Plutonium-239,240 in Fucus vesiculosus collected along the 

Norwegian Westcoast in August-September 1980 

Location Sample Date mBq kg"1 rel. S.D. wet weight 

(position) No. dry w. in % dry weight 

9 4.9 

6 3.4 

9 3.8 

12 3.6 

10 4.2 

11 3.9 

9 4.6 

14 5.8 

Jacobselv 
(70°N, 31°E) 

Hammerfest 
(71°N, 24°E) 

Vestvågøy 
(68°N, 14°E) 

Kvaløya 
(65°N, 12°E) 

Lista 
(58°N, 7°E) 

Tromeya 
(58°30'N, 9°E) 

Tjørne 
(59°N, 10°E) 

Hvaler 
(59°N, 11°E) 

1-2 

4 A-3 

6-4 

7B-2 

11-3 

12-1 

13-4 

14-6 

Aug 11 

Aug 14 

Aug 20 

Aug 23 

Sept 14 

Sept IS 

Sept 15 

Sept 26 

184 

270 

140 

110 

132 

89 

75 

86 
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Table B.2. Plutonium-239,240 in sea plants collected in 

September 1980 at Bud, »-Norway (62°N, 6°E) 

Sample No. Species mBq kg'1 rel. S.D. 

dry w. % 

Vagsøy 2 

Bud 3 

Bud 6 

Bud 7 

Bud 16 

Bud 17 

Bud 18 

Bud 19 

Bud 20 

Fucus vesiculosus 

Laminaria digitata 

Pucus vesiculosus 

Pelvetia 

Pelvetia 

Fucus spiralis 

Fucus vesiculosus 

Ascophyllum nodosum 

Fucus serratus 

81 

112 

100 

84 

67 

98 

87 

110 

153 

11 

7 

13 

14 

20 

18 

15 

8 

7 

The plutonium concentrations in Pucus vesiculosus showed a de

creasing tendency from north to south. A single location: Lista 

at the southwest corner of Norway did not follow the general 

pattern. Whether or not this was due to a contribution of pluto

nium from Windscale at this location is unclear. If the plutonium 

results are compared with those of Christensen7) on the same 

samples, the mean ratio of ours to Christensen's is 1.18±0.27 

(1 S.D., N • 8). The relative standard deviations of double Pu 

determinations carried out by the two laboratories were thus 

23%. These are the same deviations as found earlier in Nordic 

Pu-intercomparison runs8) on seaweed and sediments. 

The relative SD at a single location: Bud (Table B2) between 

the 9 samples obtained at this location was 27%. The 9 samples 

represented 6 different species. The local variation along the 

entire coastline of Fucus vesiculosus alone was 48%, if we use 

the data in Table B.l. 

The mean of all seaweed samples in Tables Bl and B2 was 116 mBq 

239,240Pu fcg-1 <3ry weight (1 SD: 50, N » 17). The corresponding 

fresh weight concentration was 25 mBq kg"1 if the mean ratio of 

fresh to dry weight was 4.6 as found by Christensen in 19807). 

The mean of the 15 samples analysed by Christensen was 26 mBq 

kg-1 wet weight (1 S.D.:11). 
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6°E 12°E 

62° N 

60°N 

58°N 58°N 

6°E 12°E 

Pig. B.1. Sampling locations in West-Norway, Bud and Vågsøy, 1980. 
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Fig. B.2. Sampling locations in the Bud area, Wes*- Norway, 1980. 

Sample numbers are indicated. 
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Appendix C 

Sea water and biota collected in Iceland and on the Bergen-Faroe 

Islands-Iceland route in June-July 1981 

Surface sea water was collected from M/S "Smyril" on its way from 

Norway to Iceland and back again 18 days later. Table C.l and 

Figs. C.l and C.2 show the 137Cs and 239,240pu concentrations, 

respectively. Between the Faroes and Norway the samples were 

collected twice at nearly the same locations. The upper figures 

are the concentrations found on the way out and the lower ones 

on the way back to Norway. It is evident that the *37cs concen

trations, in particular, reproduce convincingly. 

Close to the Norwegian coast the surface water contained *37Cs 

levels which were nearly 30 times higher than in the ope . At

lantic Ocean. The presence of 
134Cs 

suggested that the activity 

came from Sellafield. The concentrations decreased rapidly on 

moving westwards. At Iceland the lowest concentrations were 

found on the west coast (cesium-137 levels there were nearly 

30% lower than those observed at the Faroe Islands. A single 

water sample collected east of Iceland (S 57) contained more 

137cs than expected. This sample may have been contaminated be

cause the ship had just arrived from Scottish waters when this 

sample was collected. 

The 239,240pu concentrations were also lower in the waters 

around Iceland than between Norway and the Faroes, but the 

difference was less marked than for 1 3 7Cs, and the presence 

of any surplus plutonium originating from Sellafield was 

not demonstrated in these samples. On the average the 241Am 

concentration was 20% of the plutonium activity. A few samples 

were analysed for particulate Pu and Am {Table C.l shows the 

results). 
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Algae were collected at the Paroe Islands (Table 2.7.3.2) and 

along the Icelandic coastline (Table C.2 and Pig. C.3). Pucus 

distichus and Pucus vesiculosus were the «ost frequent species. 

An anova showed that the radionuclide concentrations in these 

two species did not differ significantly. The anova also showed 

that samples in the eastern locations in Iceland had approximate

ly 30% higher concentrations of radionuclides than those fro« 

the north and west. (In the anova we included 7 isotopes: 54Mn, 
95Nb, 106Ru, 1 3 7Cs r

 144Ce, 226Ra, and 239,2«CKUr a n d 3 a r e a s : 

West: Grindavik, Ska lanes, worth: Hnifsdalur, Ar names, Siglu-

fjordur, Raufarhofn and East: Seydisfjordur, Neskaupstadur, 

Streitishvarf). The interactions aaong species« nuclides, or 

locations were not significant. 

The radionuclides 95Xr, 95Bb, 106Ru, 125Sb, and 144Ce occurred 

in the same relative Mutual concentrations in fucoids as in air 

collected in June 1981 at Pis«2). This suggests that the contaai-

nation of the fucoids with these radionuclides was an adsorption 

of fallout particles suspended in the water. 

Another pathway may have been uptake directly fro« the air if 

the plants have been exposed to the ataosphere during low tide. 

The relative concentrations of and 
239,240^ 

coapared with 

the other radionuclides were, respectively, 3-5 tines higher in 

fucoids than in fresh fallout. This suggests that these nuclides 

were present in the water in dissolved for« also, because only 

if a nuclide is in .solution can we expect that the uptake by 

algae will differ for the various elements. The ratios: 9^Zr/137Cs, 
95Nb/137Cs, 10*Ru/

137Cs, l25sb/137Csr and
 144Ce/137Cs in fucoids 

were on the average 50% higher than those in air. This suggests 

that 137Cs has been dissolved fro« the fallout particles absorbed 

by the algae in contrast to the other five fallout nuclides. Fur

thermore, it shows that the concentration factor is lower for 
137Cs in solution than for dissolved 54Hn and 239,240pu. 

Table C.3 shows the concentration ratios for 137Cs and 239,240pu 

in fucoids. These are slightly lower than, but not significantly 

different fro«, those calculated for the Faroe Islands in 2.7.3. 
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Mussels were collected at four locations in Iceland and one in 

the Faroes (Table C.4). The mean ratio between the concentra

tions of 54Mn, 95Nb, 1 3 7Cs, !44ce, and 239,240Pu in fucoids and 

Nytilus was 2.5 on a dry weight basis. Similar ratios have been 

found in Danish samples2). Ruthenium-106 did not follow the same 

pattern as the above-mentioned nuclides. The mean concentration 

of 106Ru was thus nearly the same in Mytilus as in Fucus. The 

local variation for Mytilus was similar to that of Fucus, i.e. 

the eastern location showed the highest concentrations (except 

for Pu). 

Table C.3. Concentration ratios (CR) in Icelandic fucoids 

Sea water 

Fucoids 

CR±1 S.D. 

Bq l"1: 

Bq kg"1 

dry w. 

x: 

SD: 

N: 

x": 

SD: 

N: 

137CS 

3.0C-10-

0.19-10" 

5 

0.79 

0.21 

16 

260270 

-3 

-3 

239,240Pu 

0.012-10-3 

0.003-10-3 

6 

0.055 

0.037 

10 

4600±3300 

A single moss sample were collected at Isafjordur (Table C.5). 

The sample consisted of 19.1 kg dry matter and covered an area 

of 5 m2. The accumulated 137Cs fallout in the moss was 2188 Bq 

m"2 or 59 mCi 137Cs km"2. It is interesting to note that radio

nuclides such as 60Co and 207Bi occur. In order to determine the 

inhomogeneity of the sample we measured five aliqouts ranging 

from 169 to 699 g. The mean deposition in these 5 samples was 

2490 Bq 137Cs m"2 (1 SD: 550 Bq m - 2 ) . The mosser of four ali

quot s of 94 g dry matter each were analysed for 239,240p„r 239pUr 

and 241Am; the mean values ±1 S.D. were: 9.87±0.20 Bq kg"1, 

0.35*0.03 Bq kg"1 and 2.34*0.17 Bq kg"1, respectively. In ac

cumulated fallout in 1981, we thus found the 238Pu/239,240Pu 

ratio as 0.035*0.003 and the 241Am/239'240Pu ratio, to 0.24±0.002. 
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Table C.5. Radionuclides in moss c o l l e c t e d June 22, 1981 at 66°07'N, 23°06'W 

(Isafiordur) 

Nuclide 

?Be 

54Mn 

«°Co 

95Zr 

95Nb 

106Ru 

125-;b 

137Cs 

H 4 C e 

155Eu 

207Bi 

226Ra 

238Pu 

239,240Pu 

24lAm 

Iceland (I 

Bq kg-1 

fresh w. 

330 

0.57 

0.19 

11.1 

23 

10 

4.6 

242 

23 

3.3 

0.31 

0.17 

0.35 

9.87 

2.34 

29) 

Bq m~2 

2900 

5.1 

1.7 

100 

210 

90 

41 

2190 

210 

30 

2.8 

1.6 

3.2 

89 

21 

rel. S.D. 

10% 

3% 

3% 

4% 

2% 

5% 

2% 

0.1% 

2% 

2% 

3% 

15% 

8% "J 

" «J 

rel. S.D. determined 

from analysis 

of four aliquots 

0.37 g K kg"1 fresh weight 
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