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Abstract 

The present report deals with the measurement of fall-out radioac­
tivity in Denmark in 1 971. Sr-90 was determined in samples from all over 
the country of precipitation, soil, ground water, surface water, sea water, 
grass, dried milk, fresh milk, grain, bread, potatoes, vegetables, fruit, 
total diet, drinking water, and human bone. Furthermore Sr-90 was de­
termined in local samples of air, rain water, grass, sea plants, fish, and 
meat. Cs-137 was determined in soil, milk, grain products, potatoes, 
vegetables, fruit, total diet, andmeat, andCs-137 was measured by whole-
body counting in persons from a control group at Risø. Estimates of the 
mean contents of radiostrontium and radiocaesium in the human diet in Den­
mark in 1971 are given. The shorter-lived fission products (Ce-144, Ce-
141, Ru-103, Ru-106, Zr-95, and Ba-149) were determined by Ge-Y-spec-
troscopy in air filters. The Y-background was measured regularly at lo­
cations around Risø, at ten of the State experimental farms and in an area 
in Zealand, one in Jutland where future nuclear power plants might be lo­
cated and along the shores of the Great Belt. Finally the report includes, 
as previously, regular surveys of environmental samples from the Risø 
area. 
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ABBREVIATIONS AND UNITS 

F P 

pCi 

nCi 

mCi 

MPC 

c/min 

d/min 

c/h 

l»R 
S. U. 

O.R. 

M. U. 

V 

m 

f 

n S r 

eqv. |ig 

eqv. mg KC1 

S.D. 

S.E, 

U. C. L. 

L. C. L. 

& 
S.S.D. 

f 

Fission products 

picocurie, 10" Ci, nnCi 

nanocurie, 10 Ci, muCi 
„-3 

J : 

L: 

B: 

Å: 

10 roentgen 

millicurie, 10'^ Ci 

maximum permissible concentration 
counts per minute 

disintegrations per minute 
counts per hour 

micro-roentgen, 

pCiSr -90 /gCa . 

observed ratio 

pCiCs-137/gK. 

vertebrae 

male 

female 

natural (stable) Sr 

equivalents g uranium: activity as from 1 |ig u(~9o d/h) 

equivalents mg KC1: activity as from 1 mg KC1 (~0. 88 cl/min) 

Samples: 

H: sea water 

soil 

a i r 

bed soil 

eel 

PG: grass 

PH: sea plants 

D: drain water 

S: waste water 

R: precipitation 

M: milk 

standard deviation 

standard e r ro r 
' : |( n(n-f) 

anova 

upper control level 

lower control level 

one standard deviation due to counting 

sum of squares of deviation: z(x-x.)2 

degrees of freedom 

the variance 

the ratio between the variance in question and the 
residual variance 

probability fractile of the distribution in question 
coefficient of variation 

analysis of variance 





1. INTRODLCTIOX 

1 . 1 . 

The present report is the fifteenth of a ser ies of periodic..! rcpor:s 

(cf. ref. 1) dealing with measurements of radioacu\ it> in Denmark. 

The programme is nearly unchanged as compared with 1 !!70. S..il 

samples were in some cases collected down to a depth of ">u cm. Samples 

of fresh water were collected twice from Danish s t reams aiut lakes. \ u 

samples of milk and grass from the state experimental farms were col­

lected in 1 971. 

1 2 
•<_4) 

The methods of radiochemical analysis" and the statistical rreaiincu! 

of the resul ts ' a re still based on the principles established in previous 

reports ' . 

1.3. 

The report does not include detailed tables of the total p" measurements 

from the environmental control of the Risø si te. These tables a re available 

in the form of microcards at the library of the Danish Atomic Energy Com­

mission at Risø. 

1.4. 

The report contains no information as regards sample collection ami 

analysis except in the cases where these procedures have been altered. 

1.5. 

In 1 971 the personnel of the Environmental Control Section of the Health 

Physics Department consisted of one chemist, ten laboratory technicians, 

two men for sample collection, and two women for washing-up. As in the 

previous years , important assistance was obtained from the Section for 

Electronics Development, not only in the maintenance of the counting equip­

ment, but also in the interpretation of the Y-spectra. The computer pro­

grammes (cf. 2) used in the calculations of Sr-90 as well as in the Y-analysis 

were developed by the Section for Electronics Dev: lopment. 



8 

1.6. 

The composition of the Danish average diet used in this report is iden­

tical with that proposed in 1 962 by the nutritional consultant to the Atomic 

Energy Commission, Professor E. Hoff-Jørgens en, Ph .D. 

2. ORGANIZATION AND FACILITIES1 • 6 ' 7« 8 ' 

A 9810 A HP-calculator has been added to our equipment. This com­

puter replaces the former B 9100 HP-calculator. The new calculator is 

among other things well suited for the statistical treatment of our data. 

3. RISØ ENVIRONMENTAL MONITORING IN 1 971 

3 . 1 . Gross p Activity 

3 . 1 . 1 . Sea Water 

Fig. 3 .1 .1 . ) shows the sample locations in Roskilde Fjord. Fig. 3 .1 .1 .2 

shows the control chart for H I. The yearly mean for H I in 1 971 was 57 

eqv. mg KCl/2. 5 g (in 1 970: 54), for H III-V1: 59 eqv. mg KCl/2. 5 g (in 1 970: 

56) and for H VH-X: 59 eqv. mg KCl/2. 5 g (in 1 970: 55). Fig. 3 .1 .1 .3 

shows the mean levels of radioactivity in sea salt since 1 957. 

Fig. 3.1.1.1. Roflkilde Fjord. 
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Fig . 3 . 1 . 1 . 2 . Control chart for HI, 1971 
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Mean radioactivity in sea water, 1957-71 

Fig . 3 . 1 . 2 . 1 . The RisO Research Establ ishment . 
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3 .1 .2 . Soil 

Figs. 3.1.2.1 and 3 .1 .2 .2 (the coloured map) show the sample locations 
for land samples in the environment of Risø. 

The yearly mean for J I in 1 971 was 140 eqv. mg KCl/3.0 g soil (in 
1970: 129), for J II-III: 141 eqv. mg KCl/3.0 g (in 1970: 130) and for J IV-V: 
139 eqv. mg KCl/3.0 g (in 1970: 129). Fig. 3 .1 .2 .3 shows the mean levels 
of radioactivity in soil since 1957. 

3 . 1 . 3 . Air 

Fig. 3 .1.3.1 shows the diagram for FP activity in air samples in 1 971. 
Q 

The mean value for the year was 0. 21 eqv. mg KCl/m as compared with 

0.14 eqv. mg KCl/m3 in 1 970. 

Fig. 3 .1 . 3.2 shows the mean FP levels in air since 1 957. 

J F M A M J J A S 0 N D J ' F ' M ' A ' M ' J ' J A S ' O ' N ' D 

Fig. 3.1.3.1. Control chart for LF, 1971 
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Fig. 3.1,3.2. Mean radioactivity in air, 1957-71 

3 .1 .4 . Bed Soil from the Fjord 

The mean activity in bed soil B I was 151 eqv. mg KCl/3. 0 g ash in 

1 971 as compared with 1 57 eqv. mg KCl/3.0 g in 1 970. Fig. 3.1.4.1 shows 

the mean levels for B I since 1 957. 

""*'%> 

w s> mtost $i u u K M n n S3 n n 

Bl 

Fig. 3.1.4.1, Mean radioactivity in bed soil, 1957-71 

3 .1 .5 . FiSh 

No fish samples from Roskilde Fjord were measured in 1 971. 
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3 .1 .6 . Grass 

The mean values were in 1971 for PG I: 46 eqv. mg KC1/0.1 g grass 
ash (in 1 970: 25), for PG II-1H: 36 eqv. mg KC1/0.1 g (in 1 970: 25) and for 
PG IV-V: 31 eqv. mg KCl/0.1 g (in 1 970: 24). Fig. 3 .1 .6 .1 shows the mean 
activities in grass ash since 1 957. 
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i 00 
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0 
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III Ill.l L.. ilLI li 
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PGI PGI-B PGBf-V 

Fig. 3 . 1 . 6 . 1 . Mean FP-radioacttvity in fra*« anh. 19S7-71 

3.1 .7 . Sea Plants 

The mean FP level in 1971 in Fucus vesicolosus (PH I) was 4 eqv. mg 
KCl/0.1 g ash (7 in 1970). In Zostera marina (PH III-IX) we found 4 eqv. 
mg KCl/0.1 g ash in 1 971 (no samples in 1 970). 

3 .1 .8 . Fresh Water 

Fig. 3 .1.8.1 contains the control charts for S (cf. fig. 3 .1 . 2. 2). The 
yearly means for D I, D U, D IV, and S in 1971 were 46 eqv. mg KC1/1 
(1970: 42), 16 eqv. mg KCl/1 (1970: 28), 40 eqv. mg KC1/1 (1 970: 49), and 
84 eqv. mg KCl/1 (1970: 609) respectively. Fig. 3 .1 .8 .2 shows the activity 
in drainage water (D) and sewage water (S). 

The surplus activity in sewage water was, as in 1970, primarily due to 
minor amounts of S-35 released from the Waste Treatment Station (cf. fig. 
3 .1 .8 .1) . 
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3 . 1 . 8 . 1 . Control chart for S, 1971 
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3 .1 . 9. Rain Water 

Figs. 3 .1 . 9.1 and 3 . 1 . 9. 2 show the specific F P level in and the total 

fall-out from rain water collected daily at Risø in 1 971. The total fall-out 

in 1 971 was measured a t 0.075 • 10 eqv. mg KCl/m , and the annual mean 

concentration in rain water at Risø was 1 62 eqv. mg KC1/1. In 1 970 the 

corresponding figures were 0. 042 • 1 0 and 83 respectively. 

Fig. 3 . 1 . 9. 3 shows the specific activity in rain water since 1 957. 
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Ulli T — — T 
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i l ill 
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3200 
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2000-

1600 

1200-

900 

400 
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ilU Jlu 

Fig. 3.1. 9. 1. Concentration of p-activity in 1971 
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101 
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Fig. 3.1.9.2. Total fall-out from precipitation in 1971 
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Kig. 3 . I.!). 3. Specific ac t iv i r . in {>rvcipiUi*.i«,ri i« I '*T I 

3. 2. Radiochemical ft-Analysis 

3 . 2 . 1 . Air 

In 1 970 ' we started an experiment in which we alternated between 

glass-fibre filters and paper filters in our daily a ir sampler. By March 

1 971 this experiment had run for one year . The mean ratio in the entire 

period between daily glass-fibre filters and paper filters was 1.40 - 0.1 5 

(1 SE). This ratio is probably significantly greater than 1 (P > 97. 5%), and 

we may thus conclude that the efficiency of our paper filters is (70 - 8%). 

The "big a i r sampler" described in Risø Report No. 23 ' has a shunt 

through which we determine che air volume. This year we analysed both the 

shunt filter (I) and aliquouts cut out from the main filter (II) to see whether 

the activity levels were the same in the two filters. As I/II = 0. 96 - 0. 06 

(1 SE), we conclude that the two filters showed the same levels. We will 

report the mean air activity level for 1 971 as the mean of the monthly 

glass-fibre filter collections and the daily paper filter sampling: 1.9 - 0.1 
3 3 pCi Sr-90/10 m i. e. 10% lower than the 1 970 level. The mean peak activity 

of the three collections in 1 971 was measured in June and July io be 4. 0 
3 3 pCi Sr-90/10 m . Sr-89 from the Chinese tests was detectable in most 

months of the year . 

Fig. 3 .2 .1 .1 shows the Sr-90 levels in a i r since 1 957. 
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Table 3.1 

Sr-90 and Sr- 19 in a i r co lcctc-d at Kiso in 1971 

p C i S r - 9 O / 1 0 3 m 3 

Month 

Jan, 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

1971 

Daily a i r f i l ters 

Glass fibre 

1.4 

1.7 

2.6 

-
-
-
-
-
-
-
-
-

Paper 

0.9 

1.0 

1.2 

5.1 

3.9 

5.7 

4.0 ' 

2 .8 

1.2 

0.8 

0.6 

0.6 

2.2 

Moiitaly a i r f i l ters 

(g lass- f ibre fi l ters) 
I II 

0 .9 0.7 

1.1 1.0 

1.4 1.6 

3-4 3.4 

2 .9 3.6 

2 .9 3.5 

3.5 4.6 

1.4 2.1 

1.0 1.0 

0.6 0.5 

0.6 0.5 

0.4 0.5 

1.7 1.9 

I: a r e the normally used shunt filterB. 

11: a r e aliquot« cut out from the main f i l ters also used for the C 

determination (cf. table 3 .3 .1) 

S r - 8 9 / S r - 9 0 

mean ra t io 

3.2i2.3 

2.5±P.3 

5.4+0.8 

7.7«1.9 

s-137 

90 

80 

70 

60 

50 

40 

30 

20 

10 

pCiSr-

nil. iiiiiii. i mi - i i - — • - - • i - l « i i -
4 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 123« 

I9S7 19SI 195) 1M0 1961 1912 1983 1964 1965 1966 1967 1968 1969 1970 »71 

Pig. 3 . 2 . 1 . 1 . Sr -90 In a i r , 19S7.71 
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Si'-90 in g r a s s Horn Zealand, 1971 

Jan . -Mar . 

A p r . - J u n e 

Ju ly-Sep. 

Oct. -Dec. 

Mean 

pCi S r - 9 0 / g a sh 

1.18 

3.73 

4.16 

4.50 

4.14 

pCi S r - 9 0 / g Ca 

77 

59 

50 

52 

60 

40-, pCi Sr-90/gash 

20 

jiUill IllmiilliiUlVII 
234 12 34 1234 1234 1234 1 2 34 1 234 1 234 1 234 1 2 34 1 2 34 1 2 34 1 234 1234 1234 
1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 19 71 

Fig . 3 . 2 . 2 . 1 . S r -90 in g r a s s ash, 1957-71 

3. 2. 2. Grass 

Table 3. 2, 2 shows the Sr-90 content in grass ash from Zealand in 1 971. 

The mean Sr-90 activity was 4.1 pCi Sr-90/g ash or 60 S. U. as compared 

with 3. 2 pCi/g ash or 50 S. U, in 1 970, i. e. the 1 971 level was approx. 20% 

higher than the 1 970 level. Fig. 3 .2 .2 .1 shows the Sr-90 levels in grass 

since 1 957. 
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Fig. 3. 2.3. Sr-90 in sea plants, 1959-71 

3. 2 .3. Sea Plants 

Fig. 3. 2. 3 shows the S, U. levels in sea plants since 1 950 and table 

3. 2. 3 the results for 1 971. The mean level in Fucus vesicolosus was 18 

pCi Sr-90/g Ca, and in Zostera marina we found 6 pCi Sr-90/g Ca. 

21 

Table 3. -\ 2 

Sr-90 in sea plants from Kuskilde rjurit m 11>7I 

Sampling period 

Jan. - June 

J.m. - June 

July - Dec. 

July - Dec. 

Locution 

pH I 

pH III-IX 

pH I 

pH III-IX 

Species 

Fucus vesicolosus 

Zostera marina 

Focus vesicolosus 

Zostera marina ' 

pCi Sr-90/g Ca 

9-Si%0 

12+0 

?. 6+0.1 

pCi Sr-90/g ash 

1.10 

I.15+D.o 

o.jf.+o.o^ 

mg Sr/s l;i 

. . . . . w . 

The error term is the S. E. of double determinations. *' Mean of 4 analyses. 

3. 2.4. Rain Water 

Table 3 .2.4.1 shows the radiostrontium level in rain water collected at 

Risø in 1 971. The total Sr-90 fall-out in 1 971 was 0. 96 mCi Sr-90/km"' 

(509 mm precipitation), and the mean concentration in the rain water was 

1. 9 pCi Sr-90/1 . In 1 970 we measured 0. 86 mCi Sr-90/km" (51 9 mm pre­

cipitation and 1. 7 pCi Sr-90/1, i. e. the 1 971 levels were a little higher than 

those of 1 970. 

Fig. 3. 2.4.1 shows the Sr-90 levels in rain water since 1 959. 

501 pCi Sr-90/1 

30 

20 

I I I . . I I I . I l l M l . l l . • • • . . • • . . • . I . . 1 1 . 
2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1234 1 2 3 4 1 2 3 4 1 2 3 4 1234 1 2 3 4 
1959 1960 1961 1962 1963 1964 1965 1966 1967 1966 1969 1970 1971 

Fig. 3.2.4.1. Sr-90 in precipitation, 195y-71 



22 

Tatile 3 . 2 . 4 . 1 

Sr -90 in in.*.">Uily S;H*I;>IL-S uf m i n wuter collected in ra in bot t les 

:.t Kisit in 1 UTI (s.t:npling a r « . 0.236 m ) 

Mmitli 

J;in. 

F e b . 

Mar . 

Ap,-. 

M a y 

June 

J-jly 

Aug, 

Sep. 

Oct. 

Nov. 

Dec. 

197; 

:n:n 

3 4 

2 0 

42 

3 1 

3 3 

6 9 

54 

4 3 

J 8 

62 

56 

2 7 

509 

pCi Sr -90 /1 

0.73 

1.41 

1.45 

2.08 

3-99 

3.63 

2.75 

2.61 

1.27 

0.64 

0.62 

0.66 

1.89 

mCi Sr-90/fcm 

0.025 

0.028 

0.061 

0.065 

0.132 

0.251 

0.149 

0.112 

0.048 

0.040 

0.035 

0.018 

0.964 

T _ l lmCi/km 2 • 10* .. 

23 

Sr-'J!) i r ;:. u-.--.-.;. .-•;,:•::.!.-?. .=: ,•.,••, v.. -«-r c-.-ik-i :«•.; m W I M M - ' : , : 

CHIIIHIN !•••:'. .:..:•>: .;: K:.- , ... T 1*V1 t^implMK- ,•:•»•;> 0. l^! • i;t'~) 

M....H. 

J-!t-. 

JVU. 

Mar . 

Apr . 

W a y 

J u n e 

Ju ly 

Aug. 

Sep. 

Oct . 

Nov. 

Dec . 

T971 

H t m 

2 ' 

10 

39 

31 

34 

31 

4 8 

40 

37 

49 

40 

1 8 

400 

pCi Sr-! ' , . / ; 

0.70 

l.<-3 

1.13 

I.«*? 

3./i.r. 

5-02 

2.?a 

2.33 

1.0* 

O.lO 

1.06 

o.8o 

1.78 

n i ( ' : r-v->K>j>.:ii' 

0 . 0 1 6 

0.01t> 

0 . 0 ' * 

O.Q-V* 

0 . 1 1 7 

0 . 1 5 6 

0 . 1 0 9 

0 . 0 9 5 

0 . 0 * 8 

0 . 0 2 0 

0 . 0 ' . ? 

O . O I H 

0 . 7 1 5 

At five sampling locations (1 -5) in zone I (cf. fig. 3 . 1 . 2,1) ion-exchanger 

columns collected monthly samples of precipitation along with the bottle-

collectors. The columns have been described earl ier (Risø Report No. 41 ') 
4 J and a re s imilar to those used in the U.S.A. by HASL '. The purpose of this 

collection is to compare the efficiency of the ion-exchange columns with that 

of rain bottles as collectors of fall-out. Table 3. 2.4. 2 shows the resul ts . 



24 

r:tbii- J. J . 4. 3 

Aiiuivsis "f v:ir;arn:e ul in rum p r i t i pua t ion at Riso in 1 i}71 

(fr.»m tables 3 . 2. 4.1 - 3.1' . 4. 2) 

\ : . i . . . . i . . ; : 

]!.-<V.. : - • . ; > : , i : : 

l j i tv: .A.:,s 

Vfiu.-iri.iivi-

SSI/ 

. - : ' ? 

t »' v~ p 

,-> 
:--. 

TabU 3 . 2 . 4 . 4 

Analysis of variance of In pCi Sr -90/1 precipitation 

colU-cted at Risø in 1971 (from tables 3 . 2 . 4 . 1 - 3 . 2 .4 .2 ) 

Variat ion 

Betw. samplers; 

Betw. months 

Remainder 

SSD 

0.0163 

10.4191 

0.4889 

f 

1 

11 

11 

s 2 

0.0163 

0.9472 

0.0444 

v 2 

0.37 

21.33 

P 

; 99. 95? 

\nalysis of var iance 

V.-.ri=-.li«n 

Bctw. linidplcr« 

IJelw. li'.unths 

R e m a i n d e r 

of In mCi Sr -90 /k in" -'-••" j> 

{from tables 3 . 2 . 4 . . .'•.2.4. 

KU) 

0.5&3 

15.<»886 

0.2917 

* 
1 

11 

11 

C.5fc3 

l . i «8 l 

O.0265 

• : ) 

'1 
V 

2\.-r: 

53-13 

w .it Risd 

)' 

.<>?-?* 

•-99.95* 

Precipitation was further collected at eight stations located in the 

meteorological mast at Risø (cf. 8.1). Thus we have three sampling systems 

for precipitation covering the Risø area: 1: the eight rain bottles a t ground 

level (table 3. 2.4.1); 2: the five ion exchange collectors (table 3. 2 ,4 . 2), 

and 3: the eight rain bottles in the meteorological mast (table 8.1,1). Tables 

3. 2.4. 3 - 3. 2.4. 5 show the analysis of variance of the two first-mentioned 

systems. 

As in 1 970 we found less fall-out in the ion exchange samplers than in 

the rain bottles; but the specific activity in the two sampling systems was 

not significantly different. 
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3.2. 5. Milk from a_ farm near Risø 

Table 3. 2. 5 shows the radiostrontium and caesium-1 37 contents in 

milk collected in 1 971 from a farm near Risø. The mean level was 4. 2 

S. U. as compared with 3.4 S. U. in 1 970. Fig. 3. 2. 5 shows the Sr-90 levels 

in "Risø" milk since 1 959. The caesium-1 37 mean level was alsolugher than 

in 1970 (7. 2 pCi/1 against 6. 8 pCi/1 in 1 970). 

Sr-E/D iti.d C s - 1 i 7 in iiu'k from Kisii in 1971 

Monti'" 

J a n . - Mur. 

A p r . - J a n e 

Ju ly - Sep. 

Oct . - Dec. 

1971 

» C i S r - 9 0 / g C a 

3.9 

'*.€ 

5-0 

3-3 

K2 

p C i C s - 1 3 7 / g K 

l.kl 

1.56 

11.05 

U.09 

*-53 

pCi Cs-137/1 

2.P0 

P.t.9 

17.5? 

6.5* 

7.19 

The milk was collected from the milk-producing farm 

nea re s t to Risø 

20-

15-

pCi Sr-90/gCa 

3 4 ' 1 2 3 « ' 1 2 3 « ' 1 2 3 4 1 2 3 4 ' 1 2 3 « ' 1 2 3 « ' 1234 1234 1234 1234 1234 1234 
1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 

Fig. 3 . 2 . 5 , Sr-90 in milk from Rise neighbourhood 

http://Vfiu.-iri.iivi-
file:///nalysis
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Tiil.K- 3.::. l 

Cs-137 in g lass - f ib re a i r f i l ters collected twice a week at Risp i« 1 371 

pCi C s - 1 3 7 / 1 0 3 m 3 ^ ^ ^ ^ 

Month 

J a n . * 

Feb.* 

Mar .* 

X 

Apr. 

May 

June 

Ju ly 

Aug. 

Sep. 

Oct. 

Kcv. 

Dec. 
1971 

pCi/ lo5«5 

1.11+0.1 

1.51+0.2 

1.99*0.0 

"t. 16+0.4 

5.O6+O.5 

6.62+1.2 

5.18+0.8 

2.i»9+p.2 

1.26+0.1 

1.07+0.1 

6.86+0.1 

0.71+0.1 

2.6? 

The e r r o r t e r m i s the S. E. of the mean of the activity found in 

8 or 9 fil ters collected during a month. 

* The e r r o r t e r m i s the S. E. of the mean of the activity found in 

the f irs t and the second half of the month. 

3.3 . Y Spectroscopy of Air Samples. Some Nuclear Explosions in 1 971 

As in 1 962-70, half-weekly samples of a i r were collected by means of 

the air sampler described in Risø Report No. 23 ' . Pa r t s of the half-weekly 

filters were bulked into half-monthly samples and measured on a 30 cm 

Ge(Li) detector ' . Table 3. 3.1 shows the resul ts of the Cs-137 determina­

tions. The peak value was observed in June (cf. also Sr-90 in air , table 

3. 2.1). The mean level in 1971 was 20% lower than the 1 970 mean. 

Air filters collected in the period April 1 - April 5 showed a significant 

increase in total 6-activity. A Y-spectroscopic analysis of the total a i r 

samples from April 1 - 5 revealed the presence of Ba/La-140. The mean 

level in the sample was 30 pCi Ba-140/103m3 , (cf. also fig. 3. 3.2). No 

atmospheric explosions had to our knowledge taken place since the Chinese 

27 

test explosion on October 14, 1 970. Swedish examinations had found short­

lived radionuclides (Ba-140 and 1-131) in a i r samples collected at Stockholm 

and Goteborg in the period March 31 - April 2 ' . 

From meteorological and seismological investigations carr ied out by 

the Swedish National Defense Institute FOA ' this fresh fall-out had been 

located to a leaking underground explosion in the USSR which took place 

north of the city of Pe rm in the area west of the Ural mountains on March 

23, 1971. 

On November 1 8, 1 971 a 20 kt nuclear weapon was detonated in the 

atmosphere over the Sinkiang province in China. This explosion was the 

twelvth Chinese nuclear test . Figs. 3. 3. 2 - 3. 3. 3 show that fresh fall-out 

(Ba/La-140) Ce-141 and Ru-103 appeared in the a i r filter collected two 

weeks later, the period December 2 - 6 . Maximum occurred on December 

6 - 9. In this filter we found: 

1.2 pCi Ce-141/103m3 , 3. 5 pCi Ba-140/1 0 3 m 3 , 1. 5 pCi 1-1 31/103m3 

2.1 pCi Ru-1 03/1 0 3 m 3 , 2. 3 pCi U-237/1 0 3 m 3 and 4. 5 pCi Np-239/1 0 3 m 3 

On November 1 8 the Np-239/U-237 ratio was 128; this indicates that 

probably the weapon has been a fission weapon. We have earl ier for a 

100-

1.0 -

pa/ioV 

J ' F ' M V M V J ' A ' S ' O V D ' 

Fig . 3 . 3 . 1. Ce-144, Ru-106 and C . - I 3 7 in half-weekly a i r fi l ters in 1971 
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pCi/loVn' 

J ' F ' M ' A ' M ' J ' J ' A ' S ' O ' N ' D 

Fig. 3 . 3 . 2 . Ba-140, Zr-95 and Ru-103 in half-weekly air Biters in 1971 
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pCi/ lOV 

i V 
If 

: f 

I 
k 
\ 

J ' F ' M ' A ' M ' J ' J ' A 

ftofi. 

I I 

w 
S* 0 ' N ' [ 

Dfttl 

Fig . 3 . 3 . 3 . Be-7 and Ce-141 in half-weekly a ir Altera in I971 

Chinese thermonuclear weapon (China test No. VIII on December 27, 1968) 
determined the ratio to 11. 

In test No. XII the Np-239 and U-237 concentrations were an order of 
magnitude higher as compared to the fission product levels than in "normal" 
fission weapons. The air samples were enriched with volatile nuclides 
(1-131, Ba-140, Ru-103). 
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Fig. 4,1,1. State experimental farms in Denmark. 

4. RADIOSTRONTIUM AND RADIOCAESIUM IN PRECIPITATION, SOIL, 

GROUND WATER AND STREAM WATER IN DKXMAKk IN 1 UT1 

4 . 1 . Sr-90 and Sr-89 in Precipitation 

Samples of rain water were collected in 1 971 from the ten State experi­

mental farms (cf. fig. 4 .1 .1) in accordance with the principles laid down in 

Risø Report No. 63, p. 5 1 ' ' . 

Table 4.1.1 shows the results of the Sr-90 determinations and table« 

4 . 1 . 2 and 4 . 1 . 3 the analysis of variance of the resul ts . The variation witli 

t ime was highly significant (P)99. 95%). The maximum specific activity 

occurred in May-June, when the mean content in precipitation was 6. OK pCi 

Sr-90/1 (cf. also the a i r measurements in 3. 2.1). The maximum fall-out 

rate was also in May-June, the mean fall-out rate in that period being 0. 5a 

mCi Sr-90/km . Tables 4 .1 .2 and 4 . 1 . 3 show that the variation between 

locations was significant. The specific activity for 1 971 was 3. 65 pCi 

Sr-90/1 at Åkirkeby, while only 1. 77 pCi Sr-90/1 was measured at Blang-

TaliU- •!. t . t 

Sr - 90 full-out in Denmark ;i; ' C71 

P e r i o d Uni t 

Ian. - F e b . 

Har . - A p r . 

May-June 

lu ly-Aug. 

»ftp. -Oc t . 

Sov. - D e c . 

971 

pCi /1 

mCiAn 

pCi /1 

• C i / t a 2 

pCi /1 

• C i A * 2 

pCl /1 

• C I A « 2 

p C i A 

n C i A n a 

pCi /1 

• C i A n ^ 

pCI/1 x 

• C l A ^ E 

ram p r e c i p i t a t i o n E 

T y l s t r u p 

0.16 

''.'49 

0.2? 

9.66 

0 .6 ' . 

2 .69 

o.v. 

1.26 

0.1«* 

0.77 

0.07 

3.09 

1.72 

557 

S t u d s ­
g å r d 

l . i t o 

0 .17 

3-25 

0.16 

9-13 

1.00 

* .13 

0 . 6 8 

1.28 

0 .11 

0 . 6 ? 

0 , 0 9 

3-29 

2 .21 

672 

Odum 

2.60 

0.13 

0.20 

"t.77 

0.1*8 

2 .61 

0.26 

0 .58 

0.06 

0.6? 

0.06 

2.1*7 

1.19 

*8l 

Askov 

2 .04 

0.22 

2.52 

0.20 

7.29 

0.62 

3.*3 

0.59 

1,20 

0.13 

0 .75 

0.10 

2 .73 

1.86 

682 

St . J y n -

1.10 

0 .11 

3.17 

0.26 

4.87 

0.l»5 

it. 3*. 

0 .61 

0 .99 

0.12 

0.77 

0.10 

2 .*7 

1.65 

668 

S U n ø -

0.80 

0.06 

1M 

0.10 

2 .56 

0 .38 

3-29 

O.38 

0 .75 

0 .08 

0 .57 

0 .05 

1.77 

1.05 

592 

l y s t u f t e 

1.78 

0 .09 

6 . « 

0 . W 

5.1ft 

0 .75 

3.W 

0 .23 

1.29 

0 .09 

1.21 

0 .08 

3-59 

1.6* 

<*57 

gi i rd 

1.06 

0.07 

2 .21 

0.17 

't.EE 

O.M 

3.79 

0 .29 

I . 0 8 

0 .10 

0 .75 

0 .08 

2 .18 

1.12 

513 

Abed 

( l . ^ l i 

(0 .09; 

2 .06 

0 .13 

11V.5 

0.51 

2 .98 

G.35 

1.11 

0.06 

0.71* 

0 .05 

2.86 

1.17 

<*09 

by 

2 .33 

0.12 

6 . J7 

0 .28 

8.V. 

0.63 

0 .? ' . 

1.07 

0.09 

O.89 

0,09 

3-65 

l . * 5 

397 

Mean 

1-59 

0.1? 

3 . ^ 

6 .08 

0 .59 

3-^5 

o.'<o 

1.06 

0.10 

0 .78 

O.08 

2 .7« 

1.51 

5M 

Li .JVe-

1.2'. 

0 . ( * 

O. l ' . 

9 .19 

0.31 

O.f.l 

<i.rj>< 

1.00 

>•<// 
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'JV1-U-4. 1.2 

Analysis of var iance or lit pCi Sr-B»/1 precipi tat ion in I *J7! 

(from tabl« 1 .1 .1) 

Vnri.'ilion 

BoUv. locutions 

Bctw. months 

JtemniiKioi-

S S D 

3.0363 

32.2603 

5 .9«« 

f 

9 

5 

4 5 

s> 

0.3374 

6.4521 

0.0886 

V 2 

3.81 

72.82 

P 

>99.5* 

>99.95* 

Tii l j lc ' I . I . j* 

Analysis of variar .cc uf In mCi S r -90 /k in precipi tat ion in 1 971 

(from table 4 . 1 . 1 ) 

Var ia t ion 

BcUv. iocalkui;; 

Bchv. rnonlI"< 

RcnKtiiK'cr 

FS]> 

3.4241 

33.1030 

3-5260 

f 

9 

5 

4 5 

2 s 

0.3805 

6.6206 

0.0784 

v2 

4.85 

84.45 

P 

>99.95» 

>99.95* 

Table 4.1.4 

Sr-b!)/Si--S0 in fall-out collected in 1971 

P e r i o d 

J a n . - F e b . 

M a r . - A p r . 

M a y - J u n e 

J u l y - A u g . 

S e p . - O c t . 

Nov . - D e c . 

T y l s t r u p 

3 .7 

<*.6 

3 . 8 

6 .1 

-
-

S t u d s g å r d 

3-3 

6 . ' . 

5 . 3 

2.2 

-
• 

Ø d u m 

3.6 

4 . 9 

4 . 0 

1 1 . 9 

-
-

A s k o v 

2.1. 

5.6 

4 . 2 

13 .0 

" 
" 

St . j y n -

2 .0 

5 .6 

4 . 0 

2 . 1 

-
-

B l a n g -
EtedgaVd 

2 . 7 

6 . 0 

3 . 6 

2 . 1 

-
-

T y s t o f t e 

2 . 3 

6 . 1 

2 . 8 

1.6 

-
-

g å r d 

1.1 

5 .4 

2 . 8 

0 . 9 

-
-

Abed 

-
5 .3 

2 - 9 

1.7 

-
-

Å k i r k e ­
by 

3.2 

5.6 

3-4 

2 . 3 

" 
" 

L e d r e ­
b o r g 

2 . 1 

5.2 

3 . 5 

1.2 

-
-

Mean 

2.6+0.3 

5.5*0.2 

3-Sa.o.l 

4.1+1.3 

-
-

T h e e r r o r t e r m i s t he S. E . of t h e m e a n 

stedgård. The 1 971 mean levels for ten State experimental farms were 

1. 51 mCi Sr-90/km and 2. 78 pCi Sr-90/1 . In Appendix A the country 

mean level (area weighted) is estimated to be 1. 7 mCi Sr-90/km for a 

mean precipitation amount of 625 mm (area weighted), i, e. 10% lees than 

the fall-out ra te in 1 970. 

The Sr-89/Sr-90 ratios at the ten stations a r e shown in table 4 ,1 .4 . 
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An anova showed significant difference between months, but not between 

locations. The anova is not shown. 

A comparison betwen the amounts of precipitation found in the rain 

gauges used by the Danish Meteorological Institute and the amounts col­

lected in our rain bottles at the same locations showed that in 1 971 our 

bottles collected 90 per cent (1 SE: 2%) of the amount measured in the rain 

gauges. The implications of this difference were discussed in Risø Report 

No. 2 2 o ' \ 

4. 2. Sr-90 and C.s-1 37 in Soil 

As in previous years , soil was collected with a view to estimating the 

accumulated fall-out. As previously, the samples were collected in Sep­

tember from uncultivated a reas all over the country (cf. fig. 4 .1 .1) , and 

as in 1 970 down to a depth of 30 cm, but this year in 3 sections 0-10, 10-20 

and 20-30 cm. A few samples were also collected from 30 to 50 em's depth. 

Table 4. 2.1 shows the Sr-90 resul ts from the ten State Experimental 

F a r m s . The mean value in September 1 971 was 54 mCi Sr-90/km . How­

ever, this value should be recalculated to a depth of 20 cm before we com­

pare the resul ts of the years previous to 1 970. From 0-20 we found 47 mCi 

Sr -90/km 2 . 

The 1 971 levels were nearly equal to the 1 970 figures (0-30 : 55, and 

0-20 c m : 46 mCi Sr -90/km 2 ) . 
1 1 7 ) 

From precipitation data * , the accumulated fall-out in Denmark in 
2 

1 971 was calculated to 54 mCi/km f i. e. equal to the level found in table 

4. 2 . 1 . However, two sets of observations disagree with this apparent 

accordance between data. 

First ly: In the four cases where samples were collected from 30-50 cm 

we found on the average 10% extra activity at this depth as compared with 

the column from 0-30 cm. 

Secondly: Our Cs-1 37 determinations showed that the mean Cs-1 37/ 

Sr-90 ratio from 0-30 cm was 2.15 - 0. 07 (table 4. 2. 6), i. e. significantly 

greater than 1 . 6 - 1.7, which is the theoretical ratio in fall-out. Both ob­

servations indicate that the accumulated Sr-90 levels in Danish soil might 

have been underestimated, and samples collected from 0-30 cm depths 

have thus been insufficient to account for all Sr-90. 

On the other hand i t is not necessari ly true that the "missing Sr-90" 

has to be found below 30 em's depth. The high Cs-137/Sr-90 ratios in the 

samples collected from 30 - 50 cm indicate that some surface soil might 

http://variar.cc
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S r - 3 0 in su i l toliwtti.il t thv s u t e ULperimenUl f a r m s in S* | i in : iber I»71 

mCi Sr- ' JU/km" 

K - PO -an 

.••.-. - *0 -s 

E '-• - ' ; • ••? 

Ti-lsH-up"" 

1I-.1 

*.V*.r 

V . V .(• 

Slud&^urd 

... 
1^0 

r.a*o.r. 

• ' , - a i ? - -

« . * • . , 

Ouum 

- s i " 

13*1"" 

F .C tC . : " 

-.-.,..-

— 
••52? 

;^o 

i : - i 

ra.^,r.-

-'.."jC.1 

S t . J v n d e -
v a d « * 

.»: 
:5*c 

~. a *c.? 

• " . - • C . . 

ré+I 

22.1 

5 . ^ 0 . 4 

f - V -

£ C - t - w a s calcula ted from the s ingle de te rmina t ions and not a s the s u m of the m e a n s 

pCi Sr-90/fcg 

0 •• 10 r-m 

10 - PO cm 

20 - JO CB 

i 0 - JO en 

JO - 50 cm 

Ty Is t rup*" 

.'19*17 

93*5 

Wlrl 

1J0 

Studsgård 

7?!. 

7<H2 

25*1 

177 

1?*1 

(Mum 

= ? : . 3 -

9 2 l > " 

18.1™ 

1W 

— 
196+0 

i « + i 

69*6 

15* 

20*1 

AU de t e rmina t ions w e r e double, except which were t r ip le . 

T h e e r r o r t e r m i s t he S. E . of the mean . 

St. J y n d e ­

v a d * " 

jna*5 

?-*2 

iiiiji 

127 

Blangs ted-

21(0*7 

151*p 

37*? 

133 

T y s w f t e * " 

13*0 

230 

I?+I 

•r.V.r 

• - - ' • • 

in the t ab l e . 

Tys tof te** 

9 ^ 2 

157*15 

71*.'' 

I l l 

1*1 

B i rd 

i"5+fc 

a . i i c : 

K . * . l 

f i r d 

183*12 

WH6 

50*1 

" 3 

.\b*d 

5 - i ' " 

15*1"" 

- . - i - . ^ " ' 

• . - * : . . • 

'.*-.! 

Abed 

509**7"" 

1*0*9"" 

65+21"" 

193 

JQ+7 

Åki rke­

by 

1?*1 

- . - . , . - - • 

-.*.: 

Åkirke­

by 

£11*3 

93*7 

32*0 

106 

»-. 
>c 

•-
5-5 

SI) 

* • 

5 

' 

Mean 

311 

115 

••5 

133 

19 

SD 

196 

52 

18 

3° 

9 

i 

1 1 
•••] 

I 
ti 

1 

I 

70 

60 

50 

40 

30 

20 

10 

mCi Sr-90/l»n2 

• • * 
• • 

1961 1962 1963 1964 1965 1966 1967 1968 1969 19701971 

Fig. 4.2. Accumulated Sr-90 fall-out In Danish soil, 1961-71 
0-20cm (IS.E. indicated) 
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have contaminated these samples during the sampling, because the Cs-1 37/ 

Sr-90 i s normally decreasing with increasing sampling depth (cf. tabic 

4. 2,6). Let us suppose that the deeper samples (i. e. the samples below 

10 cm) have been contaminated by surface soil. This would overestimate 

especially the Cs-1 37 in these deeper samples, (because the Cs-137/Sr-90 

in the surface soil is higher than in the deeper layers). We would therefore 

find too much Cs-137 in the deeper soil layers , and the Cs-1 37/Sr-90 ratio 

in the total soil column (0-30 cm) would be too high. 

Table 4. 2. 2 shows the Sr-90 levels soil locations in Zealand, mainly 

in the neighbourhood of Risø. The samples from "Skydebanen" were col­

lected both with our own and with the HASL sample device for soil (de­

scribed in NYO-4700 ' ) . The agreement between the two samples was 

satisfactory both as regards Sr-90 and Cs-1 37 (cf. table 4. 2. 5). 

The use of solid-state detectors (Ge(Li)) has made it possible to deter­

mine Cs-137 and potassium directly by Y-spectroscopy of soil samples. 

Tables 4. 2. 3 - 4. 2. 5 show the results for the 1 971 samples. 

Table 4. 2. 2 

Sr-90 in soil collected from the surroundings of Roskilde in September 197] 

mCi Sr-90/km 

0 - 10 cm 

10 - 20 cm 

20 - 30 cm 

£ 0 - 30 cut 

Bolund 

26+0 

3.0+0.3 

2.5+p.l 

36.8*0 

Roskilde Fælled 

25+1 

27*5 

8.7+0.2 

60.6+6.1 

Skydebanen 

3?+> 

12+2 

2.9*0.3 

51.ifc5.fi 

Skydebanen * 

0-5 cm 

5-30 cm 

P0i_3 

}"%o 

5?.5±?-3 

C 0-30 was calculated from the single determinations and not as the sum of the means 

in the table. 

pCi Sr-90/kg 

0 - 10 c« 

10 - 20 cut 

20 - 30 cm 

i 0 - 30 cm 

Bolund 

372+6 

8l+3 

31+2 

146 

Roskilde Fælled 

206+? 

1^7+27 

60+2 

135 

Skydebanen 

377^39 

84+u 

19J2 

153 

Skydebanen 

0-5 cm 

5-50 cm 

i*70+t} 

93+1 

133 

M 

HASL-soil sampler 

http://toliwtti.il
http://51.ifc5.fi
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Table-I. 3.3 

>il K'IU-cted a: t;.--- st . te exE>e !al farms in September 1 971 

i . - T . i c m 

1Q-M c m 

2!)-30 c m 

Z 0 - 3 0 c m 

3 0 - 5 0 c m 

T y U t r u f 

7 8 . f-

?5.e 

8.S 

l l . ' . r 

S u d a -

g i r d 

»••.fl 

13.5 

8.7 

19-^ 

l i . 8 

Ota 

r-'A 

? c . 5 

*-7 

1C1.C 

A s k j v 

7*.« 

.".--
1 3 . * 

I T " . * 

I."1-? 

S t . j v j t -

110 .3 

I C C 

7 . 1 

1.-7.9 

B l a n g -

« 5 > 

5*..-

9-9 

1.9.7 

T y s t o f t e 

37.7 

e l . ' . 

l v -5 

m > 

5.f 

V i m m -

g a r d 

59-€ 

^5-C 

1^.9 

119-5 

Abed 

69-8 

?3 .6 

9.C 

10?. k 

It..--

Åkirke­

by 

72.0 

27 .8 

S . l 

107.9 

Me;tn 

7<..0 

32.<> 

9-s 

11* . 0 

1 1 . 1 

t ' J 

19-3 

16.6 

3-3 

10.5 

3.8 

SL 

1,. 

_ 
l.c 

.'..' 
l . ~ -

C s - 1 3 7 p C i / k g i n s o i l c o l l e c t e d a t t he s t a t e e x p e r i m e n t a l f a r m s in S e p t e m b e r 1971 

0 - 1 0 c m 

1 0 - 2 0 e m 

3 0 - 3 0 c m 

» 0 - 3 0 c m 

3 0 - 5 0 c m 

T y l s t r u p 

695 

1?1 

« 
21* 

>turiS-

f i n l 

1509 

96 

77 

330 

35 

Ødum 

8X6 

1*5 

23 

^M 

A s k o v 

f C 

2?* 

87 

i « 

1.1 

S t . J y n -

a?6 

53 

1*0 

^ 

B l a n g -

s t e d g å r d 

5 * 

367 

«5 

316 

Tys tof te 

291 

339 

76 

o 5 

20 

råni 

50? 

275 

92 

2--? 

Abed 

1059 

218 

77 

K i 

50 

Å k i r k e ­

b y 

612 

169 

59 

2 5 s 

Me.in 

751 

206 

& 
251 

37 

S>i3 

337 

100 

22 

39 

13 

si: 

106 

32 

7 

* 
6 

K --/>* i 

Table 4. 2.4 

.oil collected at the state experimental farms in September 1 071 

0 - 1 0 c m 

1 0 - 2 0 c m 

20-GO c m 

i 0 - 3 0 c m 

3 0 - 5 0 c m 

T y l s t r u p 

15-1 

I S . * 

l*.*> 

15-2 

S t u d s ­

g å r d 

<.? 

(A 

S.l 

7.C 

8.1 

Ødum 

15-6 

If:? 

Vj.l 

15.7 

A s k o v 

l ' . .C 

15.? 

l>>.k 

lfc.5 

" 

St . J y n ­

d e v a d 

9-? 

9 .1 

9.<* 

9 .? 

B l a n g -

s t e d g a r d 

1C.& 

16 .9 

17.2 

17.0 

T y s t o f t e 

19.5 

18.5 

18.7 

18 .9 

19 .7 

V i r u m -

g a r d 

2t*.1* 

25.<-

2 5 . 9 

25-? 

A b e d 

I M 

13 .7 

15.2 

V*S 

18 .1 

Å k i r k e ­

by 

22.2 

2 6 . 8 

25-3 

2b .8 

M e a n 

15-8 

16.4 

16.1. 

16.2 

13 .6 

i-O 

5-* 

6.3 

5.8 

5-8 

6.1 

| 
SE ; 

1-7 ! 

2.0 ! 

1.8 ' 

l.ej 
3-1 i 

1 

37 

Table 4 . 2. 5 

Cs-137 and potassium in soi l collected from the surroundings of Roskilde in September 1 971 

raCi C s - 1 3 7 / k m 2 

0 - 1 0 em 

10 - 2 0 C B 

2 0 - 3 0 c« 

S 0 - 3 0 CB 

Bolund 

64 

13 

5 

82 

Boskilde Fælled 

57 

45 

10 

112 

Skydebanen 

73 

15 

7 

95 

Skydebanen x 

0-5 cm 

5-30 CB 

t 

54.7 

37.5 

92.2 

pCi Cs-137/kg 

0 - 1 0 c a 

1 0 - 2 0 CB 

20 - 30 ca 

Weighted mean 

Bolund 

912 

136 

63 

330 

Roskilde Fæl led 

476 

248 

66 

250 

Skydebanen 

743 

109 

45 

245 

Skydebanen * 

0-5 cm 

5-30 cm 

Z 

1308 

106 

233 

BK/kg 

0 - 1 0 

1 0 - 2 0 

2 0 - 3 0 

Weighted mean 

Bolund 

16.2 

21.7 

21.4 

20.1 

Roski lde Fælled 

22.2 

22.1 

23.2 

22.5 

Skydebanen 

19.7 

18.5 

20.3 

19.5 

Skydebanen * 

0-5 cm 

5-30 cm 

20.5 

20.9 

20.8 

* HASL - soi l s a m p l e r 
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Table 4. 2. 6 

CB-1 37/Sr-9Q ratios in soil samples collected at the state experimental farms in 1 971 (from tables 4. J, 2 and 4. 2.: 

cn 

0 - ID 

10 - ?0 

20 - 3D 

E 0 - 30 

3 0 - 5 0 

TylBtrup 

2.18 

l .g i . 

i ,?3 

1.98 

-

Studs-

l.¥ 

1.32 

3-11 

1.87 

3.03 

Ødum 

2.95 

1.58 

1-23 

2 .50 

" 

AskoV 

3.0? 

1-55 

1.21 

2.1A 

2 .08 

St. J y n -

2 .70 

0 .6? 

0 .91 

2 .01 

-

B l a n g -

s tedgård 

2.52 

2.1.7 

1.77 

2 .39 

-

Tystofte 

2.90 

2 .19 

1.01* 

2.11 

1.65 

gård 

2 .29 

2 .50 

l . » 

2 .31 

-

Abed 

2.05 

1.57 

1.18 

1.82 

1.6? 

Åkirke­

by 

2.88 

1.85 

LAU 

2 . 1 * 

-

Mean 

2 .55 

1.75 

1.5<* 

2 .15 

2 .11 

SD 

0.1.1 

0-55 

0 .65 

0.21. 

0 .65 

SE 

0 .13 

0.17 

0.20 

0.0? 

0.32 

Cs-137/Sr-90 ratios in soi l samples collected at Roskilde in 1971 

(from tables 4 . 2 . 2 and 4 . 2. 5) 

en 

0 - 1 0 

10 - 20 

2 0 - 3 0 

0 - 3 0 

B o l u n d 

Z.**> 

1 . 6 3 

2 . 0 0 

2 . 2 3 

R o s k i l d e F æ l l e d 

2 . 2 8 

1 . 6 7 

1 . 1 5 

I .85 

S k y d e b a n e n 
(Risø) 

1.9? 

1 . 2 5 

2 . 4 1 

1 . 8 3 

S k y d e b a n e n * 
( R i s ø ) 

0 - 5 « 7 l 2 . 7 4 

5 -30 « n i - 1 4 

1 . 7 6 

HASl^soil sampler 

4. 3. Sr-90 in Ground Water 

As in previous years , ground water was collected in March from the 

nine locations selected by L . J , Andersen, M . S c , Geological Survey of 

Denmark, in 1 961. 

Fig. 4. 3.1 shows the sample locations and table 4. 3.1 the results of 

the Sr-90 analyses (cf. also 5. 8.4). 

The median level of Sr-90 in 1 971 was half the level found in 1 970. 

The highest level is still found at Feldbak. Fig. 4. 3. 2 shows the median 

levels in Danish ground water since 1 961. 

39 

Fig. 4. 3 . 1 . Ground-water sampling locations in Denmark. 
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Table 4 . 3 . 1 

Sr-90 in ground water collected in March 1 971 

Location 

II vidst en 

Feldbak 

Rømø 

Rønne 

Hasselø 

Fåretofte 

Kalundborg 

R-vnholt 

Freder ic ia 

Mean 

Median 

pCi S r -00 /1 

B 0.00<tl 

0.712 

A 0.011 

0.0068 

A 0.006? 

0.0083 

B 0.0211 

B 0.0273 

P 0.0131 

0.090 

0.011 

p C i S r - 9 0 / g Ca 

O.056 

28.37 

0.293 

0.282 

0.050 

0.064 

0.37* 

0.5196 

0.265 

-
O.265 

e C i i / i 

0.072* 

0.0251 

0.0372 

0.02* 

0.13* 

0.129 

0.0596 

0.0526 

0.0*6 

0.06* 

O.0596 

A: relat ive S .D . : 20-33% 

B: re la t ive S. D . : >33% 

0.04 

003 

0.02 

OJ01 

61 ' 62 ' 63 6« ' 65 ' 66 ' 67 ' 68 ' 69 ' 70 ' 71 
F i g . 4 . 3 . 2 . Median levels in Danish ground v a t e r , 1961-71 

4.4. Sr-90 in Fresh Water from Danish Streams 

In March and September 1971 a number of water samples were col­
lected from Danish streams and lakes. The purpose was to estimate the 
Sr- 90 concentration in the fresh water supplied to the inner Danish waters 
and to estimate the Sr-90 levels in surface fresh water. 

Table 4.4 shows that lake water contained approx. four times more 
Sr-90 per litre than stream water. It was probably significant (P) 95%) 

y **p * « » w , i 

41 

F i g . 4 . 4 . F r e s h water locations (å: s t r e a m , s : lakes figure is zone number) 

i 
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Table i. 4 

Sr-90 in Danish streams and lakes. March and September 1 i>71 

Locat ion 

S t r e a m of l..ke 

Bangsbo 3 ( .s t ream) 

N o r s s ø (Like) 

Gudenå ( s t r e a m ) 

M o s s ø (lake) 

Skjern å ( s t r e a m ) 

F l y n d e r s ø ( lake) 

R ibe å ( s t r e a m ) 

H o s t r u p sø ( lake) 

Odense- a ( s t r e a m ) 

A r r e s k o v s ø ( i .>e ) 

S u s å ( s t r e a m ) 

Ar re s t ) ( lake) 

Hals ted å ( s t r e . uu ) 

S ø n d e r s ø ( lake) 

L a s å ( s t r e a m ) 

K r y s t a l s ø ( lake) 

A i m . G r å m y r e s ø ( lake) 

S t r e a m m e a n 

t 1 SE 

Lake mean 

* 1 SK 

Coun t ry p a r t 

N - J u t l a n d 

N - J u t l a n d 

E - J u t l a n d 

E - J u t l a n d 

W - J u t l a n d 

W - J u l i a n a 

S - J u t l a n d 

S - J u t l a n d 

Fun en 

Z e a l a n d 

Z e . i U n d 

Lol land-I - ' a lKlcr 

L o l l a n d - F a l s t e r 

B o r n h o l m 

BonilvjliiL 

B o r n h o l m 

M a r c h 

pCi S r - 9 0 / 1 

0.33 

2.55 

0.29 

0 .51 

o . l 4 

0.20 

0.12 

1-95 

0.20 

1.01 

0.40 

1.21 

0 .91 

2 .69 

1.3* 

o . 34+0.09 

1.45+0.28 

g C a / 1 

0.074 

0.032 

0.039 

0.061 

0.022 

0.026 

0.038 

0.027 

0.077 

0.064 

0.106 

0.05= 

0.145 

0.088 

0.030 

0.058 

0.035 

0.067+0.01, 

0.049+0.CKT 

mg S r / g Ca 

2 . 1 

1.3 

3-3 

2 . 5 

3 .0 

2-5 

4.7 

3-8 

2 . 5 

3-8 

5.1 

5-1 

3.6 

3.7+0.4 

2 .9+0.5 

pH 

•3.0 

5-9 

6 .0 

5 .9 

6.2 

5 .9 

5-9 

G. ; 

6.0 

5-3 

5.7 

6.0+0.0 

5 .9±p. l 

S e p t e m b e r 

p C i S r - 9 0 / 1 

0.30 

2.S9 

0.22 

0...8 

0.20 

0 .41 

0 .09 

2 .59 

0.29 

1.21 

0.44 

1.51 

C. 94 

1.72 

0.70 

1.37 

0.40+0.10 

I .54+O.3I 

g C a / 1 

0.043 

O.O54 

0.061 

O.O58 

0.055 

0.072 

0.088 

O.062 

0.011 

0.050 

0.121 

O.O69 

0.13S 

O.OBO 

0.086 

O.O58 

) . O75+O.OI5 

pH 

6.4 
6.0 
6.1 
6.0 
5-5 
7.6 
6.3 
6.8 
6.2 
7.0 
6.1 
6.4 

6.1 
6.4 

6.5 

i.3+0.2 

).063+OXOl ; .6+0.2 

Symbol 

lå 
Is 
2å 
23 
3å 
3s 
4å 
4s 
51 

7s 

Så 
8=1 
8 s l l 

that lake water from September showed higher levels than lake water from 

March. There was no significant difference between the stream water 

from the two samplings. 

As compared with the sampling in 1 970 of stream water (Risø Report 
No. 245 ) the mean levels in 1 971 were a little lower. However, the streams 
were not identical in the two years. The mean Ca contents were the same in 
lakes, streams, ai.d ground water (~ 0.06 g Ca/1). 

The lower Sr-90 level in streams is ascribed to a relatively large con­
tribution of water from underground sources where the Sr-90 levels are low 
(cf. table 4. 3.1). Lakes contain more Sr-90 because they receive relatively 
large quantities of precipitation and surface water from run-off. 

43 

Fig. 5.1.1. Dried-milJc factories in Denmark. 
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itf- pCi Sr-90/gCa 

5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1 971 

5.1 . Sr-90 and Cs-1 37 in Dried Milk from the Entire Country 

As in the previous years, monthly samples of dried milk were collected 

from seven locations in Denmark (cf. fig. 5 .1 .1) and analysed for Sr-90 

and Cs-137. 

Table 5.1.1 shows the results of the Sr-90 determinations and table 

Tcolo 5.1.1 

Mon-h 

J a n . 

F e b . 

M a r . 

A p r . 

May 

J u n e 

Ju ly 

Aug. 

Sep . 

Oct . 

Nov. 

D e c . 

Mean 

Hjør r ing 

7.4 

».7 

9.6 

8.6 

8.2 

8.2 

7.8 

8.7 

6.2 

9.8 

8.4 

7.3 

8.2 

pCi S r - 9 0 / g Ca 

Arhus 

9.4 

7.3 

B.9 

7.9 

7.5 

8.5 

6.9 

7.8 

8.9 

6.4 

7.8 

6.0 

7.« 

Videbæk 

9.9 

10.4 

10.8 

12.3 

10.4 

10.9 

8.4 

8.7 

8.8 

7.8 

10.7 

7.5 

9.7 

n Danish dr ied milk in 1 971 

Åbenrå 

(8.4) 

(8.3) 

(9.3) 

(9.5) 

(9.6) 

(9.7) 

(8.5) 

(8.7) 

(8.3) 

(8.4) 

(8.9) 

8.1 

(8.8) 

Odense 

6.0 

4.4 

6.0 

6.1 

8.5 

8.2 

5.6 

5.9 

6.0 

6.3 

6.9 

6.2 

6.3 

Ringsted 

3.1 

•>.9 

5.0 

5.2 

5.5 

5.9 

4.2 

5.3 

5.3 

4.8 

4.4 

5.0 

M 

Lol l and -Fa l s t e r 
Mon 

4.8 

4 .1 

4 .1 

4.8 

4.3 

4.0 

6.4 

4.0 

3.7 

4.0 

4.1 

4 .8 

4.4 

6 

Mea. ,» 
1 

(7.0) 

(6.9) 

(7.7) 

(7.8) 

(7.7) 

(7.9! 

(6.8; 

(7.01 

(6.71 

(6.8) 

(7.3) 

6.4 

7.2 

F igu re s in brackets were calculated by VAR31 £l. The e r r o r t e r m is the S. E. of the mean. As 1 l i t r e of milk 

contains 1. 2 g Ca, the mean Sr-90 content in Danish milk produced in 1971 wac 8. 6 pCi/1. 
_ 1 

4 ' l 2 3 4 ' l 2 3 4 , 1 2 3 4 ' l 2 3 4 ' l 2 3 4 ' l 2 3 4 l 1 2 3 4 l W 3 4 l ^ 2 3 4 l T 2 3 r i 2 3 4 " 2 3 4 ' 
959 1960 1961 1962 1963 1964 1965 1966 1967 1SC8 1969 1970 1971 

Fig. 5.1.2. Sr-90 in dried milk, 1959-71 

Table 5.1.3 

Analysis of variance cf In pCi Sr-90/g Ca in dried miik in t 971 

(from tabic 5.1.1) 

Variat ion 

Bc lu . locutions 

Betw. months 

" e v :u!ri 

SSD 

5.8000 

0.2765 

l . .*53 

f 

6 

11 

55 

s 8 

0.9667 

0.0251 

0.0230 

V s 

42.03 

1.09 

P 

>99.95* 

>3W 

Month 

J a n . 

F e b . 

M a r . 

A p r . 

May 

J une 

Ju ly 

Aug. 

Sep . 

Oct . 

Nov. 

D e c . 

Mean 

Hjør r ing 

6.3 

7.8 

8.4 

9.0 

7.6 

9.0 

12.6 

23.0 

21.2 

12.4 

14.2 

9.8 

11.8 

pCi C s - 1 3 7 / g K in Danish dr ied milk in 

A L I U S 

5.8 

5.5 

5.2 

5.9 

5.9 

7.9 

10.6 

15.4 

10.6 

7.9 

8.5 

12.7 

8.5 

Videbæk 

9.1 

10.4 

11.4 

10.5 

12.2 

15.2 

16.0 

18.8 

18.1 

10.8 

11.7 

6.9 

12.6 

Åbenrå 

(6.3) 

(6.7) 

(6.8) 

(6.3) 

(6.5) 

(11.4) 

(12.4) 

(18.5) 

(15.8) 

(10.3) 

(11.4) 

10.3 

(10.2) 

Odense 

3.8 

4.0 

4.7 

5.0 

7.2 

11.1 

7.2 

13.4 

10.0 

8.7 

9.8 

7.0 

7.7 

1971 

i t ingsted 

3.6 

2.4 

3.3 

3-5 

2.7 

10.6 

6.7 

11.0 

10.8 

4.3 

5-5 

5-9 

5.9 

Lol land-Fa ls te r 
Møn 

2 .3 

5.7 

2.4 

1.1 

1.3 

3.0 

6.1 

7.2 

6.3 

5.2 

5.1 

5-9 

4.1 

Mean 

(5.5) 

(5.8) 

(6.0) 

'5 .9) 

(6.2) 

(9.7) 

(10.2) 

(15.3) 

(13.3) 

(8.5) 

(9.5) 

8.4 

8 . i 

Ae 1 l i t r e .of milk contains appro*. 1. 66 g K, the mean C s . t 37 content in Danish milk produced in 1 971 wai 
est imated ,.t 14.4 pCi/1. 
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Analysis '<f va r i an t s .,f in pCi Cs-137/y K In Danisii dru-d nulk 1 y n 

(fi : •.:.!/. - , .1.3) 

Vi i r in r -n 

Bftw. 3-.--..:U:;-

Bc-'lv.'. monlli" 

Jlemniii^or 

».!! 

12.8655 

9.5"0« 

4.JJ45 

r 

6 

l i 

55 

j . 2 

?a^5 

0.8676 

0.0770 

2 
V 

27.85 

l l . ? 7 

-

'• 
>99.95* 

>99.95* 

-

5 . 1 . 2 the analysis of variance of the resul t s . As in 1 970 the variation be ­

tween months was not significant for S. U. The S. U. mean level in 1 971 

was 7. 2 pCi Sr-90/g Ca or approx. equal to the 1 970 mean. 

As previously, the milk from eastern Denmark shows significantly 

lower levels than that from Jutland. 

Table 5 . 1 . 3 shows the results of the Cs-137 determinations and table 

5.1.4 the analysis of variance of the resul ts . As in the previous years , the 

maximum level of Cs-1 37 (15. 3 M. U. , approx. 10% higher than the maximum 

of 1 970) was found in milk from the summer (August). The M. U. mean 

level in 1 971 was 8. 7 pCi Cs-1 37/g K or nearly the same a s in 1 970. 

Figs . 5 . 1 . 2 and 5 . 1 . 3 show the quarterly S. U. and M. U. values since 

October-December 1959 (cf. also Appendix C). 

ISO-i pCi Cs-137/gK 

100 

50-
40 
30 
20 
10 l l l l i . l l i 

4 12 34 12 3 4 
1959 196b 1961 

ll 
12 34 

1962 
12 3 4 

1963 
12 34 

1964 
12 3 4 

1965 

llllli uh . i l lni . , , i . ..i 
12 3 4 

1966 
12 34 

1967 
34 1 2 3 4 1 2 3 4 1 2 3 

1968 1969 1970 1971 

Fig. 5.1.3. Cs-137 in dried milk, 1959-71 

Fig . 5. 2 . 1 . Sample locations for fresh milk, bread and total diet (A- towns). 
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Fig. 5. 2.2, Sample locations for fresh milk, bread and total diet (B-towns). 
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5.2. Sr-90 and Cs-137 in F resh Milk from the Entire Country 

The samples of fresh milk were collected in the eight zones and in 

Copenhagen as previously (cf. figs. 5. 2.1 and 5. 2. 2) in connection with 

the bread and total-diet collection (cf. 5. 7). 

Table 5. 2.1 shows the resul ts of the determinations of radiostrontium 

and Cs-1 37 in consumer milk. 

The production-weighted means for Sr-90 and Cs-1 37 in Danish con­

sumer milk in 1 971 were 7.0 S. U. ( -8 . 5 pCi Sr-90/1) and 7. 2 M. U. or 

11.4 pCi Cs-137/1 respectively. 

As previously it seems reasonable to regard the mean of the levels 

found in June and December as representative of the annual production-

weighted mean, as the mean for these two months calculated from the dried-

milk data (cf. tables 5.1.1 and 5 . 1 . 2) yielded a reasonable estimate of the 

annual mean for dried milk. 

In the figures in table 5. 2.1 a r e weighted with respect to the population, 

the country means become 6. 8 S. U. and 11.4 pCi Cs-1 37/1, i. e. almost the 

same as the production-weighted means. 

Table 5.2. T 

Sr-90 and Cs-137 in fresh milk in 197T 

Zone 

I: N- Jutland 

11: E-Jutland 

111: W-Jutland 

IV: S-Jutland 

V: Funen 

VI: Zealand 

VII: Lolland-Falster 

VHI: Bornholm 

Mean 

Copenhagen 

Population-weighted 
mean 

ProducUon-weighted 
mean 

June 1971 
pCi Sr-90/gCa 

6.8 

7.0 

7.4 

6.2 

4.7 

5.9 

4.9 

6.1. 

6.2 

6.7 

6.5 

6.6 

pCi Cs-137/.-K 

8.4 

6.3 

10.3 

5.3 

3.1 

6.4 

2.6 

7.1 

6.2 

9.8 

7.6 

7.0 

pCi Cs-137/1 

13.1 

9.9 

16.5 

8.3 

4.9 

10.3 

4.3 

11.3 

9.8 

14.9 

11.9 

11.1 

December 1 971 
pCiSr-90/gCa 

8.4 

6.9 

9.0 

9.5 

5.8 

5.2 

5-5 

5.8 

7.0 

6.7 

7.0 

7.5 

pCiCs-137/gK 

8.9 

8.2 

6.9 

7.9 

5.8 

4.6 

4.0 

3.9 

6.3 

6.8 

6.8 

7.3 

pCi Cs-137/1 

13.9 

13.1 

11.4 

12.0 

9.1 

7-5 

6.3 

6.0 

9.9 

10.8 

10.9 

11.6 



5. 3. Sr-90 und Cs-1 37 in Grain from the Entire Country 

As in the previous years , grain samples were obtained from ten State 

experimental farms (cf. fig. 4 .1 .1 ) . Virumgård was replaced by Ledre­

borg in 1 969. Sr-90 was detern ined as previously (Risø Report No. 63 ') , 

and Cs-1 37 was measured or ashed samples by Y-spectrometry on a Ge-

detector. 

Vable 5. 3.1 

Sr-90 in Danish grain in 1 971 

T j ' I s : r u p 

S t u d s g å r d 

C k ^ m 

Asfcov 

5 t . J y n d e v a d 

B i a r . g s t e d g S r d 

T y 3 t o f t e 

L e d r e b o r g 

A b e d 

A l d r k e n y 

M e a n 

R y e 

p C i S r - 9 0 / k g 

71i8 

vslojtio 

3? i J 

s : 77+1 
w:117+? 

(•9*1-

<*3*3 

56+_l 

<*2+l 

" 
33+0 

62 

S. U. 

lgc+jv 

w: 228+13 

& M 

r.ili»3+2 
- :16875 

1711+11 

96+6 

93*1 

97+5 

" 
81+? 

136 

B a r l e y 

p C i S r - 9 0 / k g 

S9+5 

8?+l? 

35+1 

6 M . 1 

91+6 

35+3 

s:i>3+i» 
w:'.0+l 

46+1 

36+3 

22+3 

52 

S . U . 

1*0+1? 

1*7+18 

*7+l 

l l f+26 

159+14 

60+7 

B:79+10 
v:85T3 

91*3 

rj* 

111.+3 

99 

W h e a t 

p C i S r - 9 0 / k g 

1Z*J 

e:63+3 
w:f5±10 

»:3<*l5 

a! 78+1 
w:5l+T. 

" " 
w:?9+2 

wi'tg+Z 

MS JO*'.' 
w:39i l 

'•2*7 

s:22+4 
WS22+5 

48 

S . U . 

192+18 

B : 1 6 W 1 5 

w:209+21 

B : 8 0 + 3 

s:185+2 
w=205+7 

" " 
w: 93+6 

3 : 89+7 
w:128+11 

w:9074 

952.17 

s : 50+13 
w:90+23 

124 

O a w 

p C i S r - 9 0 / k g 

i e f+ ic 

100+7 

37+p 

134*6 

123+0 

49+3 

103+2 

50+1 

38+2 

2J+4 

76 

S . U . 

I ? ' - : -

1 i f . j . 

1.3+3 

132+7 

1!<]*Z 

46+3 

102+2 

53+1 

38+3 

34+5 

85 

w: w i n t e r v a r i e t y , B; s p r i n g v a r i e t y . T h e e r r o r t e r m i s t h e S. E . of t he m e a n of doub le d e t e r m i n a t i o n s 

Tabic 5. 3 . 2 

Analysis of variance of In. S. U. in grain in 1 971 

(from table 5. 3 .1) 

V a r i a t i o n 

B c l w . s p e c i e s 

B c l w . l o c a t i o n s 

S p e c , x l o c . 

R e m a i n d e r 

S S D 

3.£ '>11 

V>. 73?? 

1.S86X 

1 .8116 

I 

3 

9 

2 5 

51* 

s 2 

1.08ofi 

1 . 8 5 9 1 

0 . 0 6 7 ' t 

0 . 0 3 3 5 

v2 

1 6 . 0 3 

2 7 . 5 8 

2 . 0 1 

P 

>99.95SS 

; 9 9 . 9 5 # 

> 9 7 . 5 » 
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Table 5. 3.1 shows the measurements of strontium-90 in s>rahi in 1 !)71. 

According to Appendix B, approx. 2/3 of all rye in Denmark is 4;i'o\vu in 

Jutland and 1/3 in the eastern part of the country. As regards wheat, 3/4 

is produced in eastern Denmark and 1/4 in Jutland. In the calculation of 

the means in tables 5. 3.1 and 5. 3. 4 Jutland is represented by six rye 

figures and six wheat figures, while eastern Denmark contributes oi^'ht 

wheat figures and four rye figures. Thus the means in tables 5. 3.1 - "i. 3.4 

for rye a re a little lower and those for wheat a re probably higher than the 

production-weighted means for the country. Table ;5. 3. 2 gives the analysis 

of variance of the S. U. figures and table 5. 3, 3 th.it of the pCi Sr-SlO/k^ 

grain figures. 

Analysis of var iance of In [iCi Sr-DO/kg yrniti in 11(71 

(from tabic 5 .3 .1 ) 

V a r i a t i o n 

I 3 e t w . s p e c i e s 

U e l w . l o c a t i o n s 

L o c . x s p e c i e s 

R e m a i n d e r 

S S D 

1.78.-T 

I ? . ? ' 1 *? ' 

?..?.?.?(• 

i . * o ? 8 

1 

3 

9 

? 5 

s ? -

G.19 '0 . 

1.97.-V 

0 . 0 8 9 1 

C . c v H 

2 
V 

,\.-f. 

,v.n 

< . « 9 

p 

: - 9 9 . •:•:•; 

> 9 9 . 9 ^ 

> 9 9 . 9 3 * 

Table 5.3.4 

Cs-137 in Danish grai.i in 1 971 

T y l s t r u p 

S- .udsgård 

Ø d u m 

A s k o v 

St. j y r . d e v a d 

3 Lar. js t e d g å r d 

T j r . ; o . t . 

L e d r e b o r g 

A b e d 

JCtirkeby 

M e a n 

R y e 

p C i C e - 1 3 7 / k g 

71 

w:159 

146 

«:202 
e : l U 

98 

85 

84 

10? 

• 
112 

125 

M . U . 

17 

w:J2 

33 

wi39 

2l4 

19 

21 

23 

" 
25 

27 

B a r l e y 

p C i C s - 1 3 7 / k g 

52 

57 

73 

95 

78 

39 

m: 165 
• ; 54 

58 

63 

tø 

65 

M . U . 

15 

16 

24 

15 

18 

9 

w:20 
• ; 1 1 

13 

11 

11 

15 

•"Vneat 

p C i C s - 1 3 7 / k g 

70 

*=93 
n:99 

»:40 

e:l»3 

w:89 
G: 81 

-
w:49 

w:?2 
B : 6 9 

»:73 

5^ 

- ' 3 5 
«:57 

66 

M . U . 

19 

w:16 

w: 9 
G: 9 

w:?0 
r.:16 

" 
w:12 

w: l8 
B :14 

a:15 

12 

»i 9 
B : 1 5 

15 

O-.ts 

p C i C B - 1 3 7 / k 3 

47 

138 

7fi 

119 

TO? 

59 

101 

89 

61 

26 

82 

M. l i . 

15 

V 

ir. 

;*'• 
?6 

i? 

^0 

lB 

i<» 

10 

21 

w: w i n t e r v a r i e t y , s : s p r i n g v a r i e t y 
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•1-nhK- 5. 3. 5 

Analysis of var iance of In pCi Cs-137/g K gra in in 1 971 

(from table 5 .3 .4) 

Variation 

Betw. species 

Betw. location 

Species x loc. 

Remainder 

SSD 

2.3130 

2.3128 

2.1028 

0.4627 

I 

3 

9 

25 

S 

s 2 

0.7710 

O.2569 

0.081*1 

0.05?8 

,2 

9.17 

3.05 

1.45 

P 

>99.95* 

>97.5* 

Main effects were tested against interaction. 

Table 5. 3. 6 

Analysis of va r iance of In pCi C s-137/kg gra in in 1 971 

(from table 5 .3 .4) 

Variat ion 

Betw. species 

Betw. locations 

Species a loc. 

Remainder 

SSD 

2.4635 

2.1*056 

1.9837 

0.3495 

1 

3 

9 

25 

8 

s 2 

0.O212 

0.26?3 

O.0795 

0.01*37 

v2 

10.36 

3.37 

1.82 

p 

>99.95* 

>99* 

Main effects were tested against interaction. 

Table 5.3.2 shows that the variation in S. U. between species was sig­
nificant. Bye showed the highest S. U. levels and oats the lowest. The pCi 
Sr-90/kg figures also show a significant difference between species. (Oats) 
wheat). 

As in previous years, the variation with location was highly significant; 
the mean pCi Sr-90/kg level for grain from Jutland was approx. 2 times 
that in eastern Denmark. 

Table 5.3.4 shows the measurements of Cs-137 in grain in 1971, table 
5 .3 . 5 the analysis of variance of the M. U. figures and table 5.3.6 the 
analysis of variance of the pCi Cs-137/kg grain figures. The variation 
between locations was significant. The Cs-137 content in grain from Jutland 
was on the average ..pprox. 1.4 (pCi/kg figures) times as high as the grain 
level in eastern Denmark. The variation between species was highly sig-
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nificant. Rye contained as previously more Cs-1 37 than did the other grain 
species. 

If the S. U. levels in grain from the harvest of 1 971 are compared with 
the levels from 1 970 ', we find the 1971 figures to be greater Dy a factor 
of approx. 1. 5. 

The Cs-1 37 content in grain from the 1 971 harvest was on the average 
greater by a factor of 1.3 than that in 1 970. The fall-out rate in May-
August 1 971 was 1.1 times that in May-August 1 970. (The period May-
August was selected because experiments have shown ' that the contamina­
tion of grain with Cs-1 37 originates in the period from before the emergence 
of the ears until harvest). This observation is in reasonable agreement 
with that of the previous years and fits the hypothesis that the Cs-137 level 
in grain depends mainly upon the fall-out rate. It i s , however, a little 
surprising that the Sr-90 levels were significantly higher in 1971 than in 
1 970 as the fall-out rate in July-August, which determines the Sr-90 levels 
in grain, was lower in 1 971 than in 1970. 

In Appendix C i s shown a comparison between observed and predicted 
Sr-90 and Cs-137 levels in 1971. Contrary to the past years the predicted 
levels for grain were not significantly higher than those observed. 

The mean ratio between pCi Cs-137/kg rye and pCi Sr-90/kg rye was 
2.0, while the Cs-137/Sr-90 ratio for barley, wheat and oats was 1.2. 
This i s in agreement with earlier observations and with the theory that rye 
depends more on direct contamination than the other cereals, for which the 
soil uptake of Sr-90 now plays a dominant role. 

Tabic 5 . 3 . 7 

m g S r / g Ca in grain collected in 1971 

T y l s t r u p 

Studsgård 

Ødum 

Askov 

St. Jyndevad 

Blangs tcdgard 

Tystofte 

Ledreborg 

Abed 

Xkirkcby 

I lye 

w 
4.6 

3.2 

2.4 

2.5 

2.2 

2.6 

1.9 

2.3 

1.3 

s 

3.1 

Bar ley 

w 

3.0 

s 
5.65 

».6 

5.5 

3.0 

2.6 

2.25 

6.35 

3.45 

3.2 

'-.5 

Wheat 

w 
4.7 

3.7 

'i.75 

2 .5 

2.75 

3.5 

3.45 

2.9 

3.9 

& 

3.6 

4.4 

4.2 

3.8 

3.8 

3.3 

Oalii 

s 
4.5 

3.1 

2.4 

2.75 

2.4 

2.45 

1.7 

2.4 

2.4 

1.« 
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• • • . . N V ; . . . - . : . 

Analysis ,.; var iance of In in« S i / g Ca in grain in ! 971 

(from tablv 5 . 3 . 7) 

Variation 

B c t w . species 

B o t w . locat ions 

Spec, x locat ions 

R e m a i n d e r 

5St> 

1 - ^ 5 2 

2.2135 

1-51^9 

C.*('--f 

t 

5 

9 

25 

9 

s 2 

C . ' = ~ l 

0..-S.59 

0.O-'O> 

C.C*27 

v 2 

".?-'• 

4.06 

C.97 

P 

>99.5..' 

> 9 9 . j : 

Table 5.3.7 shows the stable-strontium content in grain in relation to 
the calcium content, and table 5 .3 .8 is an analysis of variance of the figures. 
As previously ', wheat contained more stable strontium per g Ca than the 
other species, and the stations in Jutland showed generally higher figures 
than the eastern locations. 

5.4. Sr-90 and Cs-137 in Bread from the Entire Country 

In 1970, samples of white bread (75% extraction) and dark rye bread 
(100% extraction) were collected all over the contry in June, but not as 
previously in December (in both A and B towns, cf. figs. 5. 2.1 and 5. 2. 2). 
The samples were combined into eight zone samples and a sample from 
Copenhagen, and Sr-90 and Cs-137 were determined. Tne Cs-137 deter­
mination were carried out on dried samples of rye bread and on the ash of 
white bread by Y-spectroscopy. 

Tables 5.4.1 and 5.4.2 show the results. It i s assumed that 1 kg flour 
yields approx. 1. 35 kg bread''' and that wheat flour of 75% extraction con­
tains 20% of the Sr-90 and 50% of the Cs-137 found in wheat grain'', hence 
we can compare the 1 911 bread levels with the 1 970 grain levels (cf. table 
5.4.3) . 

Table 5 .4 .3 shows that the Sr-90 and Cs-137 levels in bread were in 
reasonable agreement with those in grain according to the above-mentioned 
model. 

On comparison of the bread levels in Jutland with those in eastern Den­
mark it appeared that the Sr-90 and Cs-137 levels in rye bread in Jutland 
were approx. 1.4 times those in eastern Denmark, whereas Sr-90 and Cs-
137 in white bread were nearly equal all over the country. This shows as 
also observed the other years that it is not necessarily local-grown grain 
that is used for the bread production (cf. 5. 3). 
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Table 3 .4 .1 

Sr -90 in Danish bread in June, 1 97T 

Zone 

I : 

II: 

III: 

IV: 

V: 

VI: 

VC: 

VIII: 

X. Jutland 

E . Jut land 

W. Jutland 

S. Ju t land 

Funen 

Zealand 

Lo l l and -Fa l s t e r 

Bornholm 

Mean 

Copenhagen 

Population-weighted mean 

Relative e r r o r due to 
sampling and analyses 

White b read 

PCi /kg 

7.8+0.5 

6.2+1.1 

7.1+2.2 

6.4+0.7 

8.2+2.8 

6.4+0.1 

6.5+0.4 

8.SL0.5 

7.2 

5.1*0.9 

6.4 

27* 

S.U. 

3.9j0.2 

5.1+0.6 

4.0+1.3 

3 .2 .0 .3 

4.0+1.5 

2.9+0.1 

3.5+0.3 

4.7+0.3 

3.6 

2.7+0.5 

3.5 

2 « 

Rye b r e a d 

pCi/kg 

26+0 

32+p 

28+0 

25+0 

24+0 

21+3 

20+3 

19+3 

24 

23+1 

25 

10* 

s. u. 

9.2+.0.? 

10.6+0.1 

8.8+0.2 

8.3+0.1 

7.9+0.1 

6.6+0.8 

6.8+1.1 

6.3+1.0 

8.1 

7-3+0.5 

8.2 

11* 

Table 5 .4 .2 

Cs-137 in Danish bread in June 1971 

Zone 

= : 
II: 

MI: 

ZV: 

V: 

VI: 

VII: 

"VIII: 

X- Jutland 

E . Jutland 

W. Jutland 

S. Jutland 

Fir .en 

Zealand 

Lo l l and -Fa l s t e r 

Bornholm 

Mean 

Copeahs-.gen 

Population-weighted mean 

White b read 

p C i / k g 

15.9 

13.6 

17.1 

16.9 

13.2 

20.0 

18.6 

23 .3 

17.3 

20.8 

17.6 

M. U. 

10.1 

9.3 

n . 8 

12.1 

9.6 

13.3 

12.7 

15.0 

11.7 

13.9 

11.9 

Rye b read 

PCI/kg 

66 

69 

80 

44 

41 

35 

40 

64 

55 

51 

55 

M. U. 

19 

20 

24 

18 

14 

12 

15 

17 

17 

18 

18 
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Table 5 . 4 . 3 

A comparison of Sr- 90 and Cs-137 levels in bread and (rain in 1971 

Nuclide 

Sr-90 

Ca-137 

Species 

Wheat 

Rye 

Wheat 

R , e 

Bread activity in 
June 19T1 calcu­
lated as grain 
activity in pCi/kg 

(cf. text) 

^3 

5^ 

7<* 

Activity in 
grain from 
harvest 
1970'I 
pCi/kf 

HI 

57 

85 

"Bread"/s*'*>in 

ratio 

1.10 

0.32 

0.S7 

5. 5. Sr-90 and Cs-137 in Potatoes from the Entire Country 

The samples of potatoes were collected in September from ten of the 
State experimental farms (cf. fig. 4 .1 .1) and analysed for Sr-90 and Cs-137 
(Y-spectroscopy of bulked samples of the ash). 

Table S. 5.1 shows the Sr-90 and Cs-137 contents in potatoes. The mean 
contents for the country were 3.5 pCi Sr-90/kg or 72 S. U. and 10.8 pCi Cs-
137/kg or 2. 0 M. U. 

The mean of the Cs-137/Sr-90 ratios (pCi/kg figures) was 3.1 (in 1 970: 
3.8, in 1969: 1.8, in 1 968: 2.6, in 1967: 2 .1 , in 1966: 2.6. in 1965: 6, and 
in 1 964: 9). 

Tabic T.. 5 .1 

Sr-90 and Cs-137 in Danish potatoes in 1971 

Tylstrup 

Ødum 

Askov 

St. Jyndevad 

UlaiiEntcctølrd 

Tyctoflc 

Ledreborg 

Abcd 

Akirkrtiy 

Mean 

pCi Sr-90 /kg 

2.9*0.3" 

'•.5*0.5 

I.IUp.j" 

5-5HL.3 

5.0*2.0 

3-5-0.7 

2."»p.ii" 

2.7*0.1 

3.1ip.5 

3.0*0.7 

3 . 5 

S.U. 

80*10 

127J3S 

108-5? 

55-11 

5«i6" 

t-0*3 

50±o 

100.16 

72 

pCi Cs-137/kg 

** 

> 11.8 

> -.8 

10.8 

M. U. 

2.? 

1.8 

2 . 0 

The error terms are the S. E. of the mean of double determinaUon* 

except s , which ure based on triple analysis. 
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pCi St-90/kg 

• • 

60 61 62 63 64 65 66 67 68 69 70 71 

Fig. 5. 5. S r . M levels in Danish potatoes 1959-71 (1 S .E. indicated) 

5.6. Sr-90 and Cs-1 37 in Vegetables and Fruits from the Entire Country 

In 1971 as in previous years, vegetables and fruits were collected in 

September and December from eight greater provincial towns, one in each 

of the eight zones, and from Copenhagen. 

Carrots and onions were collected ir. September, cabbages and apples 

in December, and a few samples of peas, strawberries and gooseberries 

were collected in June-July. 

Z o n e 

1: 

II: 

III; 

IV: 

V; 

VI; 

VII 

VID: 

N-Jutland 

E-Jutland 

W-Jutlsuv, 

S-atutland 

Furien 

Zealand 

L o l l a n d - F a l s t e r 

Bornholm 

Mean 

Copenhagen 

Popula t ion ' w e i g h t « ! 
m e a n 

Cabbage 

pCi/kl 

1 W 

lOt-1 

13*1 

13*2 

8±2 

10*2 

«*1 

15*2 

11 

7j} 

10 

S . U . 

32*? 

20** 

25*3 

26*6 

16*3 

19*2 

12*2 

27*2 

22 

15*2 

20 

S r - 9 0 i n 

Carrot 

pCi/kg 

20 

37 

28 

9 

13 

9 

18 

22 

20 

8*2 

18 

S . U . 

51 

116 

72 

y* 

39 

25 

57 

W 

55 

Vr*l2 

5? 

vegetables and fruits in 1971 

Onion 

pCi /kg 

20 

23 

17 

32 

13+0 

18 

!<• 
22 

20 

15±3 

18 

S-U. 

53 

59 

& 
90 

v?±? 

55 

ItO 

9* 

57 

45*10 

53 

Apple 

PCi/kg 

1.5 

2.1+0.1 

*-9 

3.5 

<..-. 
1.7 

l.i> 

2 .8 

2.-, 

l -5jp. i i 

2 .0 

S . U . 

38 

75*22 

72 

kf, 

"•5 

*S 

30 

39 

KQ 

•»?*? 

51 

Pea 

PCi/k| 

(10) 

13 

(1U 

(10) 

5 

(?> 

6 

(11) 

9 

(6) 

8 

S . U . 

C-5) 

62 

Cr8) 

iy.) 

19 

(25) 

??. 

'J7J 

37 

'3D 

38 

V a l u e s i n bracke t* w e r e calculated from VAR 3 

T h e e r r o r t e r m i s - I SE of m e m e a n of double determinat ions , » ™* <*»« °* «**»*"« ' ° u r * » * b l e 

Strawberry 

PCi /kg 

(22) 

13 

(2<0 

(22) 

22 

(15) 

15 

28 

?0 

11 

16 

S . U . 

(95) 

ko 

(103. 

'77) 

72 

• 5V) 

76 

137 

8? 

<•? 

63 

Cooseberry 

PCi/kg 

(15) 

( l* ) 

?? 

12 

(11) 

7 

(8) 

8 

13 

l ? 

15 

S .U . 

C7) 

C3) 

a-. 
21 

(3D 

23 

(?W} 

31 

38 

55 

V, 

http://l-5jp.ii
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Ta1>l<- 5. (>. 2 

Analysis of var iance of In pCi Sr -90/kg in vegetables and fruits in 1971 

(from table 5. 6.1) 

Variation 

Bctur. species 

Betwiocations 

Loc. x species 

Remainder 

SSD 

34.6248 

4.5832 

6.1396 

2.3982 

f 

6 

8 

34 

30 

s 2 

5.7708 

0.5729 

0.1806 

0.0799 

2 
V 

31 -9535 

3.1722 

2.26 

P 

>99.95* 

>97.5* 

>97.5* 

T a h i e 5 . f i . S 

Analysis of variance of In S. U. in vegetables and fruits in 1 971 

(from table 5 .6 .1 ) 

Variat ion 

Bctw. species 

Iietw. locations 

Loc. x species 

Remainder 

SSD 

14.3591 

4.5472 

7.3902 

2.9648 

I 

6 

8 

34 

30 

s 2 

2.3932 

0.56-84 

0.2174 

0.0988 

v 2 

11.0082 

2 .6H5 

2.20 

P 

>99.95* 

>97.5* 

>97.5* 

Table 5 .6 .4 

Cs-T 37 in vegetables and fruits in 1971 

pCi/kg 

p C i / g K 

Cabbage 

2.9±p.l 

1.2+0.0 

C a r r o t 

2.9 

1.1 

Onion 

0 

0 

Apple 

7.7 

5.4 

P e a 

0 

0 

Strawberry 

4.2 

2.4 

Gooseberry 

2.4 

0.9 

The e r r o r te rm is the S. E. of the mean 

Table 5 .6 .5 

Calculated Sr -90 and Cs-137 mean levels in vegetables in 1971 

Daily 
intake 
in g 

50 

30 

40 

120 

Species 

Leafy vegetables (cabbage) 

Root vegetables (car ro t , onion] 

P e a (and bean) 

Vegetable total 

pCi S r -90 
p e r kg 

10 

18 

8 

u 

S.U. 

20 

55 

38 

35 

p C i C s - 1 3 7 
p e r kg 

2.9 

1.5 

0 

1.« 

M.U, 

1.2 

o.s 

0 

0,fi 
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The Y-measurements were performed on bulked ash samples repre ­

senting the entire country (cf. table 5.6.4). Tables 5.6.1 - 5.6.3 show the 

results and the analysis of variance of the Sr-90 determinations. 

The variations between species were highly significant (pCi Sr-90 figures). 

The highest Sr-90 levels (pCi/kg) were found in strawberry, onion and carrot , 

the lowest in apple. 

Table 5. 6. 5 shows a calculation of the mean contents of Sr-90 and Cs-

137 in Danish vegetables collected in 1 971. The levels were the population-

weighted means calculated in tables 5.6.1 - 5. 6.4. 

The 1 971 levels in Danish fruit were calculated from apple and from 

strawberry. Apples got a weight factor of 85 and strawberries one of 1 5, 

and the mean levels in Danish fruit were thus 5. 0 pCi Sr-90/kg and 7 Cs-

137/kg. 

The 1 971 Sr-90 levels in vegetables and fruits were a little higher and 

the Cs-137 levels somewhat lower than the 1 970 levels. 

5. 7. Sr-90 and Cs-137 in Total Diet from the Entire Country 

In 1 971 total-food samples representing an average Danish diet accord­

ing to E. Hoff-Jørgensen (cf. Appendix B in Risø Report No. 63 ') where 

collected according to the principles followed in 1 961 -1 970. As previously, 

two groups of towns (A and B, cf. figs. 5. 2.1 and 5. 2. 2) supplied the samples. 

Table 5. 7.1 and 5. 7. 2 show the results. As in the previous years , the 

variation between locations was significant. The S. U. levels in the total 

diet were approx. 30% higher in Jutland than in eastern Denmark. 

Fig. 5. 7.1 shows the zone mean levels (not population weighted) of 

S. U. in total diet since May 1 961. Fig. 5. 7. 2 shows the daily Cs-1 37 intake 

since June 1 963. 

The 1 971 Sr- 90 levels in total diet were 10% lower than the 1 970 levels, 

while the Cs-137 levels were approx. 10% greater than the 1 970 ones. 

From the total-diet sampling it is possible to estimate the mean levels 

of Sr-90 and Cs-1 37 in the Danish diet in 1 971. For the period January-

April 1971 the Sr- 90 level in the total diet is assumed to have been equal 

to that measured in December 1 970, Risø Report No. 245 ' . For the period 

May-September we assume the level to have corresponded to that measured 

in June 1 971. The December 1 971 figure is taken to represent the last 

three months of the year. The population-weighted mean of Sr-90 in total-

diet samples was 7. 5 pCi Sr-90/g Ca in December 1 970. Hence the mean 

content in the total diet in 1 971 was 7. 5 pCi Sr-90/g Ca or 13. 2 pCi Sr-90/ 

day. 

http://Tahie5.fi
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In a similar way the Cs-137 content in the Danish diet in 1971 was 

estimated to be 33 pCi Cs-137/day or 9.1 pCi Cs-137/g K (cf. also Appen­

dix C). 

Sr-SO MdCx-t37 in tola! Daiiisfc dirt collided in Jiio* 1971 

Z o n e 

I: N . Jut land 

II: E . Jut land 

III: W. Jutland 

IV: S. Jutland 

V: Fi l ter . 

VI: Zealand 

VII: L o l l a n d - F a l s t e r 

VIII: B o r n h o l m 

Mean 

Copenhagen 

Popu la t ion -we ighted mean 

Re la t ive e r r o r due t o 
sampl ing and a n a l y s i s 

p C i S r - M / ( Ca 

9.4*1.0 

7.8*1.2 

8.9*0.5 

8.0*0.2 

5.4*1.5 

8.4*0.8 

6.2*0.2 

8.5*0.3 

7 .8 

6.8*1.1 

7 . 7 

15* 

p C a S r - S t / d a « 

16.0*?.4 

1 ) . » W J 

15.7*1.5 

1<..7*0.2 

9 -5 .1 .9 

15.7*2.3 

10,4*0.6 

15.0*0.1 

13-9 

13-2*2*3 

14 .0 

17% 

S C a / d a y 

1.70*0.08 

1.78*0.01 

1.76*0.08 

1.83*0.01 

1.82*0.17 

1.87*0.09 

1.68*0.03 

1.77*0.07 

1.78 

1.93*0.03 

1.83 

7% 

p C i C a - I S T / C K 

6.9*Ow2 

6 ,2*0.3 

11.5*2.7 

9.6*0.o 

6 .3*0.2 

6-310.4 

6 .7*0 .3 

9 .8*0.1 

7 . 9 

11 .2 

8 .6 

18X 

pCi C S - 1 3 7 / d a y 

28*2 

48*21 

21*1 

A? 

22*0 

35*0 

31 

42 

34 

35« 

T*pleJS.7.2 

Sr-90 and Cs-137 in Danish total diet collected in December I £71 

Z o n e 

I: N . Jutland 

11: E , Jutland 

III: W. Jutland 

IV: S. Jutland 

V: FunGn 

VI: Zealand 

VII: L o l l a n d - F a l s t e r 

VIII; B o r n h o l m 

« o » 

Copenhagen 

Pi;pata-. ion-weighted mean 

RdlaLve e r r o r due t o 
s a m p l i n g and a n a l y s i s 

pCi S r . 9 0 / f Ca 

7 ,5*0.0 

7.2*0.0 

7.5±0.1 

9.0*0.0 

5.6*0.1 

6 ,9*0.1 

4,2*0.4 

5 .6*0.3 

6 . 7 

7.0*0.2 

7 .0 

4X 

pCi 5 r - 9 0 / d a y 

1 3 ^ * 1 . 4 

12.2*0.4 

13.5*0.3 

14.510.5 

9*8*0.1 

12,7+0.9 

7 .5*0.8 

10.4*p.8 

11 .7 

12.0*0.6 

12.2 

» 

g C a / d a y 

il
fi

fi
ii
 

1.77 

1.71*0.05 

1.75 

7» 

p C i C . - 1 3 7 / g K 

15.2*1.8 

U . l t O . t 

12.»*1.6 

11.8*1.1 

7 .7*0 .8 

10.5*1.7 

» . O j l . 8 

8.710.1 

10.6 

7.9 

10.1 

ltt 

pCi C - 1 3 7 / d . y 

35>»1 

»5*8 

J k l 

5*t5 

JJ*I 

s> 

n 

55 

21« 

61 

45)pCiSr-9(WgCo 

«? <"'P ° r: r-

111*5*4 s4s5s5s5. l o - ^ e I * 
Fif . 5 . 7 . 1 . pCi Sr-90 /g Ca in Danish total diet 1 

Fig. 5.7.2. pClC.-137/<Uy from DMBh total dirt. 1M3-71 
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5.8. Sr-90 and Cs-1 37 in Miscellaneous Foodstuffs 

5 .8 .1 . Sr-90 and Cs-1 37 in Meat 

Pork and beef samples were collected in Copenhagen (cf. figs. 5. 2.1 
and 5.2. 2) in three big shops in March, June, September, and December. 
Table 5. 8.1 shows the results. Figs. 5. 8.1.1 and 5. 8.1. 2 show a com­
parison between milk and meat levels. The ratio pCi Sr-90/kg meat/pCi 
Sr-90/1 milk was 0. 20 (S. E. 0.02), and the corresponding ratio for Cs-1 37 
was 5.1 (S. E. 0.4) for the period 1 962-1 971. (In these calculations meat 
consisted of 2/3 pork and 1/3 beef) (cf. also Appendix C). 

Tabic 5 .6 .1 

» and Cs-137 in pork and beef from Copenhagen in 1971 

Species 

Pork 

Beef 

Unit 

pCi S r -90 /kg 

pCi S r - 9 0 / g Ca 

pCi Cs-137 /kg 

p C i C s - 1 3 7 / g K 

pCi S r - 9 0 / k g 

pCi S r - 9 0 / g Ca 

()Ci Cs -137 /kg 

pCi C s - 1 3 7 / g K 

March 

1.5 

17 

74 

20 

1.8 

15 

(6 

17 

June 

0.8 

11 

71 

19 

1.0 

15 

28 

7 

Sep. 

1.1 

7 

118 

56 

2.4 

16 

64 

19 

Dec. 

1.2 

11 

103 

31 

1.2 

15 

8? 

23 

Mean 

1.1 

12 

92 

27 

1.6 

15 

60 

17 

62 63 64 65 66 67 68 69 70 71 

Fig . 5 . 8 . 1 . 1 . Sr -90 in Danifh milk and meat (2/3 pork and 1/3 beef), 1962-71 
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1000 

500 

200 

100 

SO 

20 

1 62 63 64 65 66 67 68 69 70 71 

Fig . 5 . 8 . 1 . 2 . Cs-137 in Danish ndlk and meat (2/3 pork and 1/3 beef), 1962-71 

5. 8. 2. Sr-90 and Cs-137 in Fish 

Fish samples were collected around Zealand in June-December. Tables 

5. 8. 2.1 and 5. 8. 2. 2 show the results. The mean levels were 1.4 pCi Sr-

Table 5. 8. 2.1 

Sr -90 and Cs -137 in cod collected in 1 971 in Danish waters 

Cod 

55°32'5N 

12°39'E 

Barseback C 

BarsebSck B 

55°52'7N x | 

12°39'5E 

1 5 m 

55°52'7H y ' 

12°39'5E 

1 5 m 

55°52'7N * ' 

12°39'5E 

1 5 m 

Mean - 1 5E 

Mean * 1 SE 

mea t 

bone 

m e a t 

bone 

mea t 

bone 

mea t 

bone 

meat 

bone 

mea t 

bone 

mea t 

bone 

Month 

June 

Oct. 

Oct. 

Dec. 

Dec. 

Dec. 

pCi S r -90 /kg 

1.13 

1.13 

0.98 

-

-

-

1.08^0.05 

pCi S r -90 /g Ca 

0.79 
0,46 

0.81 

0 . K 

0.78 

0.4? 

8.8 

1.2 

0.7 

0.7SM>.01 

2 . 0 3 i l . » 

pCi Cs-137 /kg 

67 

71 

12'. 

138 

192 

55 

108*22 

pCi Cs -137 /g K 

18 

17 

28 

42 

38 

17 

?7*£ 

x, y, z col lected in 1970 
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ton 

mo­

id-

i 

03 

0.2 

0,1 . . . . . - , . , , , , 
61 62 63 64 65 66 67 6B S9 70 71 

P i g . 5. 8 ,2 . Sr -90 and Cs-137 In Danish fish compared with S r -90 in 

sea water , 1961-71 

90/kg meat (1 SE:0. 3) and 61 pCi Cs-1 37/kg meat (1 SE:9). The levels were 
higher than in 1970 but in agreement with the 1 969, 1 968 and 1967 concen­
trations. Hence we will consider the 1 970 results atypical because the fish 
in 1 970 were from the North sea and not from inner Danish waters as usual. 
In table 5.8. 2.1 is shown 3 cod samples from 1 970, the mean level of these 
samples was 1 33 pCi Cs-137 (- 41). 

Fig. 5. 8. 2 shows a correlation between Sr-90 in surface sea water and 
Sr-90 in fish meat. The Sr-90 concentration in fish was approx. two times 
that in sea water. 

The figure further shows that the Cs-137 concentration in fish was ap­
prox. a hundred times the Sr-90 level in sea water. The Cs-1 37/Sr-90 
ratio in sea water is 1. 6 (a. E. 0 . 1 ) ' , hence the concentration factor for 
fish from sea water becomes 65. 

PQ/kg 

\ Sr-907in fish 
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Table 5 . 8 . 2 . 2 

Sr -90 and Cs-137 in fish collected in 1 971 in Danish waters 

Species 

X 

Dab 

55°52»7N 

1 2°39'5E 

Dab 

5B°06'N 

11047'5E 

Pla ice 

Hundested 
X 

Pla ice 

55°52«7N 

1 2°39'5E 
X 

Sprat 

55°52'7N 

12°39'5E 
X 
XX 

Sprat 

55°52'7N 

12°39'5E 
Whiting 

55°52'7N 

1 2°39*5E 

Garfish 

Møn 

Flounder 

55°52'7N 

T2°39'5E 

fterring 

55°52'7N 

12°39'5E 

Mean 1 1 SE 

Mean - t SE 

total 

total 

meat 

bone 

mea t 

bone 

mea t 

bone 

m e a t 

bone 

total 

total 

total 

total 

bone 

to ta l 

Month 

Dec. 

June 

June 

Dec. 

Dec. 

Dec. 

Dec. 

June 

Dec. 

Dec. 

p C i S r - 90/kg 

lfe.2 

3.02 

0.6? 

" 

" 

-

-

1.73 

32.0 

" 

1.8*0.7 

10.31+^.9^ 

pCi S r -90 /g Ca 

9.2 

0.32 

1.09 

7.2 

~ 

' 

" 

2.20 

3.7 

-

3.8U,* 

1.2*0.5 

pCi Cs-1 37/kg 

--.-

57 

n 

33 

5* 

6? 

36 

132 

65 

6> 

55±I0 

pCi Cs-137/g K 

" 

16 

10 

10 

18 

18 

12 

75 

PO 

?l 

1 » • * 

x collected in 1 970 

xx s tomach content of cod 
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5. 8. 3. Sr-90 In Drinking Water 

Along with the total-diet samples, 10 1 of drinking water was collected 
in June in each of the 48 towns (cf. figs. 5. 2.1 and 5.2.2) . The 10 1 samples 
were bulked into eight zone samples, each comprising 60 1 of water. The 
samples were analysed, by the method used for ground water, for Sr-90, 
stable strontium and calcium. 

Table 5 .8 .3 shows the results. 

Table a. a.3 

Sr-90 in Danish drinking water in June 1971 

Zone 

I: 

II: 

HI: 

TV; 

V: 

VI: 

VII: 

VIII: 

N-Jut land 

E-Jw:!;ind 

W-Jutland 

5-Juilond 

Funcn 

Zealand 

Lolland-Falster 

Bornholm 

Mean 

Median 

pCi Sr-90/1 

0.0*2 

0.0*5 

0.022 

0.02 •> 

A 0.0^8 

0.023 

0.027 

O.O9I 

0.039 

0.033 

SCa/1 

O.085 

0.075 

O.O56 

0.095 

0.H1 

O.O85 

O.O9O 

0.079 

0.085 

0.085 

mg Sr /g Ca 

3.7 

*.7 

1.6 

1.* 

3-7 

10.* 

16.6 

*.3 

5.8 

4 . 0 

A: counting error: 20-33% 

5. 9. Estimate of the Mean Contents of Sr-90 and Cs-137 in the Human Diet 
in Denmark in 1971 

5 .9 .1 . The Annual Quantities 

The annual quantities are calculated by multiplication of the daily quan­
tities (as stated by E. l'off-Jørgensen, cf. Risø Report No. 63, table B ') 
by 365. 

5. 9. 2. Milk and Cream 

The Sr-90 and Cs-137 contents per kg milk were calculated from the 
annual mean values for dried milk (cf. tables 5.1.1 and 5 .1 .3) . 1 kg ~ 1 1 
milk, containing approx. 1.2 g Ca and 1.66 g K. Hence the mean contents 
in milk were 8.6 pCi Sr-90/kg and 14 pCi Cs-137/kg. 
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S. 9. 3. Cheese 

1 kg of cheese contains approx. 8. 5 g Cu and 1. 2 g K. The Sr-90 and 

Cs-137 contents in cheese were calculated from these figures and from the 

S. U. and M. U. levels in dried milk (cf. tables 5.1.1 and 5.1.3). 1 kg of 

cheese appeared to contain 61 pCi Sr-90 and 10 pCi Cs-1 37. 

5 .9 .4 . Grain Products 

Tables 5.9.1 and 5.9.2 show the estimates of Sr-90 and Cs-1 37 respec­

tively in grain products consumed in 1971. Frum these tables the activity 

levels in grain products were estimated at 20. 9 pCi Sr-90/kg and 55 pCi 

Cs-137/kg. 

T;il>U' a. !'. 1 

Estimate of the Sr-!1» content in ;r'-.un product; consumoil 

per capita in 1 971 

Type 

Rye flour 
(lOOTi ex­
traction) 

Wheat Hour 
(75ft ex­
traction) 

Grits 

Total 

Fraction from h a r v e s t 

19^0 

kE flour 

21.9 

32.9 

5.5 

ec.3 

pCi/kg 

31.0 

a.o 

??.c 

1~.< 

pCi 

679 

2*3 

121 

iOfij 

J'YaftJon from Iiar'.'rst 

19-1 

kg floor 

7.3 

1C.9 

1.8 

pr,, o 

pCi/k,: 

62 

9-f-

30.'. 

?o.r. 

pCi 

U); 

105 

55 

613 

'1'olal 

PCi 

11V 

y-s 

i-:' 

\<n< 

T,ili1(-r».!).2 

Estimate of the Cs-t37 content in grain products consumed 
per capita in 1971 

Type 

Bye Hour 
(100% ex­
traction) 

Wheat flour 
(75* ex­
traction) 

Grtto 

Total 

Fraction from harvcet 

1670 

kg flour 

21.9 

32.9 

5.5 

60.J 

pCi/kg 

B5 

29 

i« 

51 

pCi 

1862 

95"> 

231 

3 0 4 7 

Fraction from harvest 

1971 

kg flour 

7.3 

10.9 

1.8 

20.0 

Pci/ke 

125 

33 

62 

69 

pCi 

912 

560 

112 

1384 

T o t a l 

PCi 

27?<> 

13H 

3'5 

W.31 
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5. 9. o. Potatoes 

The figures in table S. 5.1 were used, i. e. 3.5 pCi Sr-90/kg and 10. 8 
pCi Cs-137/kg. 

5. 9.6. Vegetables 

Table 5. 6. 5 shows the calculation of Sr-90 and Cs-137 in Danish vege­
tables consumed in 1971. The mean contents were 11 pCi Sr-90/kg and 1.6 
pCi Cs-137/kg. 

5. 9. 7. Fruit 

The levels in imported fruit in 1971 are assumed to be equal to the 
mean levels found in lemons, oranges and bananas collected in Copenhagen 
in 1 970, i. e. 4 .0 pCi Sr-90/kg and 3 pCi Cs-1 37/kg (cf. 5.8.4). The mean 
levels in Danish fruit in 1 971 were 5.0 pCi Sr-9C/kg and 7 pCi Cs-137/kg 
(cf. 5.6). The daily mean consumption of fruit consisted of 100 g of Danish 
and 40 g of foreign origin. Hence the mean contents in fruit were 4. 7 pCi 
Sr-90/kg and 5.9 pCi Cs-137/kg. 

5. 9.8. Meat 

From table 5.8.1 the annual mean values of Sr-90 and Cs-137 in meat 
were calculated: 1. 3 pCi Sr-90/kg and 81 pCi Cs-137/kg. (Danish meat 
consists of 2/3 pork and 1/3 beef). 

5. 9.9. Fish 

The Sr-90 and Cs-137 contents in fish are given in 5. 8 .2 . , i. e. 1.4 pCi 
Sr-90/kg and 61 pCi Cs-137/kg. 

5. 9.10. Eggs 

The activity contents in eggs were estimated from the measurements 
of a sample collected in September in Copenhagen. The levels were 2 pCi 
Sr-90/kg and 4 pCi Cs-137/kg. 

5 .9 .11. Coffee and Tea 

The levels, measured in 1 969, were used, i . e. 27 pCi Sr-90/kg and 
168 pCi Cs-137/kg. 

5.9.12. Drinking Water 

The Sr-90 level found in drinking water collected in June (cf. table 
5.8.3) was used as the country mean for drinking water, i. e. 0.03 pCi 
Sr-90/1. The Cs-137 content in drinking water is assumed to be negligible. 
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5. 9.1 3. Discussion 

Tables 5. 9. 3 and 5. 9.4 show the estimates of Sr-90 und Cs-1 37 in the 

Danish diet in 1 971. The figures should be compared with the levels calcu­
lated from the total-diet samples (cf. 5. 7). The Sr-90 estimates obtained 

by the two methods were 7. 9 S. U. and 7. 5 S. U. respectively, and the Cs-

1 37 estimates were 38 pCi Cs-1 37/day and 33 pCi Cs-1 37/day. Figs. 5. 9.1 

and 5. 9. 2 show a comparison between the measured and calculated levels in 

total Danish diet since 1 961. The agreement between the two methods was 

satisfactory. 

The relative contribution of Sr-90 from milk products decreased from 

approx. 44% in 1 970 to 40% in 1 971, whereas that from grain products in­
creased from 31 to 34%. The contribution from potatoes, other vegetables 

and fruit was 20%, i . e. nearly the same as in 1 979. The relative contribu­

tion of Cs-1 37 in the total diet changed as follows from 1 970 to 1 971: Milk 

products decreased from 20 to 1 7%, grain products increased from 26 to 

32%, and meat from 28 to 32%. 

JTsi ic: Ic of the mvuri coolint of Sr-00 in [he himwin diet in » tmoi . rk ;i. 1 !>7l 

Typo of futiii 

Milk and c r e a m 

Cheese 

Gra in p roduc ts 

Potatoes 

Vegetables 

Fruit 

Meat 

Eggs 

Fish 

Coffee and lea 

Drinldng vater 

Total 

Animal 
ipismlily 

in k« 

i ' 4 . 0 

9.1 

30.3 

73.c 

•'•3.8 

51.1 

yt .7 

10.9 

10.9 

5.5 

5<<8 

pCi S i - M 
p e r kg 

?.^ 

' 1 

ro.9 

l i 

' ' .7 

1.3 

? 

l.U 

.?? 

0.03 

ToL-iJ 
pCi Sr-y(l 

I'tlO 

535 

lr<?f-

'"56 

* • & 

?'>0 

71 

?? 

IS 

l'>8 

\i 

i.891 

Pcrc:uif;i;:e of 
total pCi Sr-'JO 

in food 

?8.8 

11 . ' ' 

v..< 

9.? 

' '•9 

1.5 

C-5 

0.7 

3-0 

0.3 

The mean calcium intake was estimated at 620 g (approx, 200-250 g Creta 

praeparata). Hence the Sr-90/Ca ratio in the total diet was 7. 9 S. U. in 1971 
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Vruit 
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C o f f e e a n d t e a 

D r i n k i n g v a t e r 

T o t a l 
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i j n a n l i l v 

i n K» 

ie*.o 

5 - 1 

8 C . 3 

7 3 . 0 

f4?.8 

5 1 . 1 

5 ' ' . ? 

1 0 . 9 

1 0 . 9 

5 . 5 

5*8 

p C i C E - 1 3 7 

p e r k g 

I t 

10 

55 

1 0 . 8 

1.6 

5 - 9 

8 1 

>* 
? 1 

1 6 3 

0 

T o t a l 

p C i C s - 1 3 7 
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9 1 

^ 3 1 

7 5 5 
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Fig, 5.9.1. A comparison between estimated (cf. 5.9) and measured (cf. 5.7) 
Sr-90 levels in total Danish diet, 1963-71 
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Fig. 5.9.2. A comparison between estimated (cf. 5. 9) and measured (cf. 5. 7) 
Cs-137 levels in total Danish diet, 1963-71 

6. STRONTIUM-90 AND CAESIUM-1 37 IN MAN IN 1 971 

6 ,1 , Sr-90 in Human Bone 

The collection of human vertebrae from the institutes of forensic medi­
cine in Copenhagen and Arhus was continued in 1 971. As in the total-food 
survey (cf. 5. 7), the country was divided into eight zones. The samples 
were divided into five age groups: new-born ( (1 month), infants (1 month -
4 years), children and teen-agers ( 5 - 1 9 years), adults ( «29 years) and 
adults ( ) 29 years). 

Tables 6.1.1 - 6 .1 . 5 show the results for the five groups. 
The levels were higher in 1 971 than in 1 970 for all age groups. The 

highest levels in vertebrae were found in the infant and children groups, 
the lowest among new-born (cf. fig. 6.1). Adults between 20 and 29 years 
showed as previously higher levels than adults of more than 29 years. 
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As in the previous years ', the mean OR: S. U. (new borns' bone)/S. U. 
(mothers' diet during pregnancy) was calculated from tables 6 .1 .1 , 5. 7.1 
and 5. 7. 2 and Risø Report No. 245, tables 5.7.1 and 5.7. 2 '. Tables 
6 .1 .7 shows the result compared with the OR values from previous years. 

Sr-90 in bone from new-born children ( {1 month old) in I 071 

Z o n e A g e i n 
d a y s 

1 5 

10 

5 

5 

1 0 

M o n l l i 
o f 

d c a i l i 

5 

3 

3 

3 

4 

S e x 

F 

F 

H 

F 

H 

p C i S r - 3 0 / g C a 

1 . 2 0 

1 . 1 1 

1.42. 

0 . 8 2 

1 . 0 8 

S a l i \ p i e HO. 

MK 87 

HC 5 1 

I * 5 5 

*K 57 

HC 6 4 

Sr-90 in bone from infants ( *4 yeiirs old) in 1971 

Z o n e 

r 

I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I I 

I I I 

I I I 

IV 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

A / ' o i n y e a r s 
a n d m o n t h s 

6 m 

4 . 5 m 

4 j 

3 y 

i y 

4 y 

If y 

5 • 

2 y 

* j 

1 . 5 n 

4 . 5 » 

3 . 5 « 

k 7 

1 1 . 5 is 

1 in 

4 m 

" 7 

3 m 

1 m 

2 y 

2 m 

10 m 

4 m 

M o n t h 
o f 

d e a t h 

10 

3 

3 

5 

10 

1 0 

10 

9 

1 0 

1 1 

6 

3 
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4 

6 

9 

1 

1 1 

6 

9 

1 1 

12 

S e x 

H 

F 

F 

H 

F 

H 

H 

F 

H 

H 

H 

H 

F 

H 

F 

F 

H 

F 

F 

H 

F 

H 

T 

H 

p C i S r - 3 0 / g C a 

2 , 8 9 

1 . 9 1 

1 . 5 9 

3 . 3 3 

4 . 4 6 

2 . 3 * 

2 . 0 9 

3 . 2 8 

2 . 8 6 

2 . 4 2 

1 .80 

1 . 5 * 

1 . 2 9 

1 . 7 1 

1 . 4 ? 

1 . 2 2 

2 . 1 6 

1 . 8 7 

2 . 5 8 

4 . 1 0 

3 . 7 0 

2 . 7 0 

4 . 7 8 

6 . 1 5 

S a m p l e n o . 

HK 154 

MK 4 9 

HK 5 9 

MK 97 

HK 1 4 6 

HK 1 4 9 

HK 150 

HK 1 5 1 

KK 152 

HK l 6 l 

KK 92 

HK 47 

HK 6 0 

HK 6 9 

HK 7 0 

KK 8 3 

KK 9 1 

KK 1 2 8 

HK 3 9 

HC 196 

HK 1 0 5 

HK 1 4 0 

HK 1 9 0 

HK 1 9 8 
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Sr-90 in bono from chiUL-en am: ic-n-agerai ( -19 y».ir*) in 1371 

Zone 1 
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I 
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I 

I 

I 

I I 

I I 
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I I 
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I I I 

I I I 

IV 
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VI 

VI 

VI 
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VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 
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y e a r s 
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6 

1 9 

9 

1 8 

12 

17 

16 

17 

6 

16 

5 

7 

1 1 
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1 8 

1 9 

1 5 

16 
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17 

17 

1 7 
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1 9 

17 

16 
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17 
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17 

17 
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9 
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; 

1C 
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5 

fc 
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u 
w 
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3 

2 

6 

5 

5 

5 

1 

5 

14 

i» 

k 

1* 

4 

k 

1 0 

9 

9 

9 

9 

8 

9 

1 1 

it 

1 

1 

5 

5 

5 

5 

S > x 

. 
* 
y 

» 
H 

y. 

H 

F 

F 

H 

H 

r 

H 

K 

H 

H 

H 

H 

E 

F 

F 

H 

H 

H 

F 

H 

F 

K 

F 

F 

F 

K 

H 

H 

H 

r 
" 

p C i S r - 9 0 / ^ C . T 

-.*-
1 - ^ 

1 .2? 

. - . 5 ? 

1 . 0 1 

1-9* 

1 . 3 9 

1 . 6 5 

1.5C 

2 - 3 3 

1 . 9 0 

1 . 1 5 

3 . 1 5 

2 . 2 5 

3 - 8 1 

3 - 0 8 

3 . 1 1 

2 . 5 6 

2 . 7 5 

3 - 1 9 

3 ^ . 2 

1-30 

5 . 0 5 

1 .90 

2 . 7 3 

1 .22 

1 . 1 ? 

1 .53 

1 . 4 3 

1 . 6 9 

5 - 6 3 

1-36 

1 .23 

1 .02 

1 .21 

1 . 1 9 

3 . 4 5 

2 . 8 2 

3 . 6 6 

2 . 2 6 

S n m « K - !i*>. 

? * - - • -

m - < 

JR - " 

W. 1*;* 

* l ^ 

W 9 ? 

» : - ? 

* i > 

* 7 1 

KC 81* 

* 1 8 5 

rs. 10 

MC V 

m 90 

K t 89 

W 3 8 

KC 96 

HK £ 5 

w y. 
HK 72 

m 75 

W 7!. 

KK 7*. 

m 81 

KK 82 

«C 118 

HK 1 ? 3 

HK 12<t 

m 125 

HK 126 

KK 13ft 

KK 138 

HK 186 

KK 77 

HK 31 

HK 32 

KK 9 8 

KK 9 9 

KK 1 0 0 

HC 101 



74 

Tabic C. 1.4 

Sr-90 in vertebrae from adults ( *29 yea r s ) in 1971 

Z o n e 

I 

I I 

I I 

IV 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

A g e i n 

y e a r s 

20 

23 

2 9 

25 

26 

22 

2 0 

20 

2 9 

27 

25 

25 

M o n t h 
o f 

d e a t h 

11 

2 

1 0 

1 

9 

9 

8 

1 0 

1 1 

l 

2 

2 

S e x 

F 

M 

F 

M 

F 

F 

H 

F 

H 

F 

F 

H 

p C i S r - 9 0 / g C a 

2 - 3 3 

2 . 9 7 

1 . 5 3 

2.<»2 

1 . 6 6 

i.te 
1 . 6 5 

1 - 5 3 

l . V l 

2 . 0 3 

1 . 2 0 

1 . 2 1 

S a m p l e n o . 

KK ISO 

NK 36 

UK 1 5 5 

MK 8 

HK 127 

UK 1 3 ^ 

MK l'«2 

MK 166 

KK 173 

HK 33. 

HK 27 

HK 26 

Table 6 . 1 . 5 

Sr-90 in vertebrae from adults (\ 29 years old) in 1 971 

Z o n e 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

III 

III 

III 

I V 

VI 

VI 

VI 

A g e i n 

y e a r s 

75 

80 

55 

M) 

65 

*8 

3 8 

% 
5 0 

£2 

51 

55 

62 

3 9 

3 8 

Vt 

84 

5 3 

39 

6 3 

35 

*5 

5 * 

*3 

M o n t h 
o f 

d e a t h 

2 

2 

1 

1 

1 

2 

2 

2 

2 

1 1 

11 

2 

2 

1 

1 

2 

2 

1 1 

1 

1 

2 

1 

2 

S e x 

M 

M 

M 
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F 

M 

F 

M 

M 

M 

M 

F 

M 

M 

F 

F 

M 

F 

M 

M 

M 

p C i S r - 9 0 / g C a 

J . W 

1 . 7 1 

1 . 0 5 

1 . 3 3 

1 . 3 9 

1 . 8 7 

2 . 3 8 

1 . 1 1 

2 . 0 2 

1 . 5 3 

1 . 9 * 

1 . 5 0 

1 . 2 5 

1 . 8 0 

1 . 6 5 

1 . 3 7 

1 . 7 2 

l . * 3 

l . M i 

1 . 7 1 

1 . 9 0 

1 . 1 5 

1 . 1 3 

1 . 3 5 

S a m p l e n o . 

M K 4 4 

M K 3 5 

M K 6 

M K 7 

M K 9 

M K 3 7 

M K 3 8 

M K 4 1 

M K 4 3 

M K 1 5 7 

M K 1 8 1 

M K I 8 2 

M K 2 4 

M K 3 0 

M K 2 1 

M K 2 2 

M K 3 4 

M K 4 3 

M K 1 8 4 

M K 2 0 

M K 1 9 

M K 2 9 

M K 1 8 

M K 2 5 
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T;il)1p 6 . 1 . s 

Sr-90 (pCi/g Ca) ill Inunnii ver tebrae collco 

A g o g r o u p 

N o w - b O i * n 

( ( 1 m o n U i ) 

I n f a n t s 

U 4 y e a r s ) 

C h i l d r e n 

( £ . 1 9 y e a r s ) 

A d u l t s 

( * 2 9 y e a r s ) 

A d u l t s 

( » 3 0 y e a r s ) 

N u m b e r o f 

s a m p l e s 

5 

2k 

1*0 

12 

2h 

M i l l . 

o,?-

1 .22 

1 .01 

1 . 2 0 

1 . 0 5 

M a x . 

1 A ? 

0 . 1 5 

s « 

2 . 9 7 

3 . W 

M e d i a n 

1 .11 

,.ss 

l . y 

l.r-(> 

1 . 5 2 

V o . l v 

1 . 81 

\.v, 

pCi Sr-

© 

-90/g Ca 

© © 
^ ® 

© 
© 

© @ 
• . . * 

3d Ud 30d 3m 6m9mty 2y 4y 7y10y 20y 40y 60y lOOy 

Pig . 6 .1 . Sr-90 in human vertebrae in 1971 (the figures in the c ircles 

indicate the number of samples) 

Observed ratios: 

; S. U. new borne1 bone/S. U. mothers1 diet during pregnancy 1 9G3-1 971 

Y e a r 

O R 

S D 

S E 

1 9 6 3 

0 . 1 1 

0 . 0 4 

0 . 0 1 

1964 

0 . 0 9 

0 . 0 2 

0 . 0 1 

1 9 6 5 

0 . 0 8 

0 . 0 3 

0 . 0 1 

1 9 6 6 

0 . 0 9 

0 . 0 3 

0 . 0 1 

1 9 6 7 

0 . 1 3 

o.os 

0 . 0 1 

1 9 6 8 

0 . 1 3 

0 . 0 5 

O.Ol 

1 9 6 9 

0 . 1 1 

0 , 0 5 

0 , 0 1 

1 9 7 0 

0 . 1 0 

0 , 0 3 

0 . 0 1 

1971 

0 . 1 3 

0 , 0 3 

0 . 0 1 

M e a n 

0 , 1 0 8 

0 , 0 1 9 

o.oof; 
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Table 6 . 1 . 8 

Sr-90 in vertebrae collected in 1970 

Z o n e 

I 

VI 

VI 

VI 

IV 

I I 

I 

IV 

VI 

' 

A g e 

1 d a j 

1 5 y e a r 

14 -

17 -

3 4 -

3 8 -

44 -

47 -

47 -

60 -

M o i l t l . 
of 

d e a t h 

8 

12 

1 1 

12 

12 

12 

12 

12 

12 

12 

S e x 

H 

F 

K 

F 

F 

F 

F 

H 

H 

F 

p C i S r - 9 0 / g C a 

2 - 3 9 

1 . 1 2 

1 . 7 0 

1 . 4 8 

1 . 3 4 

1 . 1 2 

1 . 4 8 

2 . 0 1 

0 . 7 5 

2 . 9 1 

S a m p l e n o . 

HK 61 

HK 1 1 

MC 1 5 

HK 1 3 

HK 3 

MC 4 

HK 5 

HK 1 

HK 14 

HK 2 

Table 6 .2 

Whole-body measurements of cucs ium- l 37 and potassium in 1971 

N o . 

1 

2 

3 

4 

5 

6 

? 

e 
9 

10 

13 

1 5 

16 

17 

1 8 

19 

20 

2 1 

22 

2 3 

2l> 

2 5 

26 

1 

2 

1* 

5 

S e x 

F 

F 

F 

F 

F 

F 

F 

H 

M 

F 

F 

F 

M 

F 

M 

H 

H 

F 

M 

M 

K 

F 

F 

F 

F 

F 

F 

Counting 
date 

April 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

July 

-
-
-

A g e 

2 1 

2 3 

3 9 

47 

27 

3« 

1.3 

39 

43 

24 

39 

3 5 

44 

3 1 

32 

:--) 
3 9 

» 
48 

4 1 

40 

2 9 

32 

2 1 

2 3 

47 

" 

H e i g h t 
i n c m 

1 6 0 

1 7 0 

1 7 8 

1 6 1 

1 7 1 

161) 

1 7 1 

1 9 3 

170 

164 

1 6 1 

165 

184 

1 5 9 

178 

174 

172 

176 

183 

192 

170 

167 

160 

160 

170 

161 

171 

W e i g h t 
i n k g 

57 

56 

66 

6 0 

99 

66 

64 

80 

66 

45 

5 5 

54 

7 9 

5 8 

7 8 

75 

64 

64 

7 5 

8 9 

7 8 

5 8 

55 

57 

56 

6 0 

99 

P C i C s - 1 3 7 / g K 

1 2 . 9 

1 4 . 4 

8 . 6 

6 . 4 

6 . 6 

3 . 9 

1 5 . 9 

1 5 . 2 

1 3 . 8 

1 5 . 9 

1 1 . 8 

5 . 6 

1 2 . 2 

1 0 . 8 

6 . 4 

1 4 . 3 

1 1 . 6 

9 . 6 

1 6 . 5 

2 0 . 2 

1 0 . 8 

1 1 . 0 

1 4 . 7 

9 . 8 

2 7 . 6 

5 . 2 

4 . 3 

p C i C e - 1 3 7 / k g 

2 6 . 4 

2 8 . 9 

1 4 . 3 

1 1 . 5 

8 . 0 

5 . 2 

2 7 . 7 

2 8 . 2 

2 4 . 9 

2 8 . 6 

2 1 . 9 

9 . 4 

2 2 . 2 

1 8 . 8 

1 4 . 3 

2 9 . 3 

2 3 . 8 

1 6 . 3 

3 7 . 4 

4 3 . 1 

2 2 . 0 

1 8 . 8 

2 7 . 0 

1 7 . 9 

5 4 . 2 

1 0 . 9 

5 . 7 

g K / k g 
b o d y w e i g i i l 

2 . 0 

2 . 0 

1 . 7 

1 . 8 

1 .2 

1 . 3 

1 .7 

1 .9 

1 . 8 

1 . 8 

1 .9 

1 .7 

1 . 8 

1 .7 

2 . 2 

2 . 1 

2 . 1 

1 . 7 

2 . 3 

2 . 1 

2 . 0 

1 . 7 

1 . 8 

1 . 8 

2 . 0 

2 . 1 

1 . 3 
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N o . 

6 

7 

8 

to 
- 1 

1 3 

15 

1 8 

1 9 

20 

23 

24 

26 

90 

91 

92 

93 

2 

3 

4 

5 

6 

7 

e 
9 

10 

1 1 

12 

13 

1 8 

1 9 

20 

2 1 

22 

2 4 

2 5 

26 

30 

3 1 

32 

35 

36 

9 1 

92 

C o u n t i n g A Height 
a c date 6 in cin 

F 

F 

V. 

F 

F 

f. 

F 

F 

V. 

M 

M 

H 

M 

F 

M 

M 

M 

F 

F 

F 

F 

F 

F 

F 

H 

H 

F 

F 

M 

F 

K 

W 

K 

F 

H 

M 

F 

F 

M 

K 

F 

M 

F 

H 

K 

_ 

_ 

_ 
_ 
_ 
_ 
_ 
-
_ 
_ 
_ 
_ 
_ 
-

Dec. 

-
. 
_ 
-
-
. 
-
_ 
-
_ 
_ 
-
-
-
_ 
_ 
. 
. 
_ 
_ 
-
-
. 
-
_ 
" 

st 
*3 

39 

: 4 

32 

3 3 

3 9 

3 5 

32 

2 9 

3 9 

41 

40 

32 

50 

46 

32 

5 1 

2 3 

3 9 

47 

27 

34 

43 

3 9 

4 3 

2 4 

32 

3 3 

3 9 

32 

2 9 

3 9 

5 0 

4 8 

40 

2 9 

32 

2 5 

2 9 

42 

40 

2 5 

46 

32 

164 

171 

1 9 3 

164 

180 

174 

161 

lt'5 

178 

174 

172 

192 

170 

160 

185 

174 

180 

1 5 9 

170 

178 

161 

171 

164 

171 

1 9 3 

1 7 0 

1 6 4 

180 

174 

161 

178 

174 

172 

176 

183 

170 

167 

160 

168 

182 

157 

184 

158 

174 

180 

Weight 
in kg pClCs-137/gK 

66 

6 4 

SO 

45 

74 

72 

5 5 

54 

7 8 

7 5 

6 4 

89 

7 8 

5 5 

1 0 1 

87 

80 

5 » 

6 1 

66 

6 0 

9 9 

5 9 

6 4 

80 

6 6 

46 

7 1 

72 

56 

76 

7 3 

66 

6 5 

76 

7 1 

57 

56 

5 8 

7 8 

6 4 

6 3 

4 5 

86 

8 0 

5 . 7 

12.1 

:'j.T 

l l . l 

11.5 

11.1 

11.8 

6 . 3 

10.1 

11.8 

15.4 

21.6 

8 . 8 

11.7 

24.6 

7 . 5 

H . 8 

8 . 3 

12.5 

3-2 

12.7 

8 . 3 

4 . 0 

20.2 

21.2 

8 . 3 

15-3 

12.1 

17.3 

12.1 

8 .6 

15.3 

17.8 

8 .6 

15.8 

11.8 

4 . 8 

11.4 

19.1 

24.0 

10.3 

23.2 

5 . 5 

19.3 

19.1 

S K/kg 
pCi C.-137/kg body weight 

8 . 3 

19.7 

28.9 

24.1 

20.0 

24.0 

20.9 

10.2 

20.0 

24.7 

32.4 

42.6 

16.6 

20.0 

38.3 

12.0 

26.9 

14.9 

23.0 

5-2 

20.9 

11.3 

6 . 5 

29.9 

38.8 

14.3 

29.6 

21.7 

34.1 

20.6 

16.6 

31.2 

35.1 

13.0 

37.8 

23-7 

7 . 6 

23.5 

39.2 

41.5 

16.5 

48.5 

10.5 

37.0 

43.0 

1 .5 

l.t> 

1.1 

2 . 2 

1 .7 

2 . 2 

1 . 8 

1 .6 

2 . 0 

2 . 1 

2 . 1 

2 . 0 

1 .9 

1 . 7 

1 .6 

1 .6 

2 . 3 

1 .8 

1 .8 

1 .6 

1 .6 

1 .4 

1.6 

1 . 5 

1 . 8 

1 .7 

1 . 9 

1 . 8 

2 . 0 

1 . 7 

1 . 9 

2 . 0 

2 . 0 

1 . 5 

2 . 4 

2 . 0 

1.6 

2 . 1 

2 . 1 

1 .7 

1 .6 

2 . 1 

1 . 9 

1 .9 

2 . 3 
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6.2. Cs-137 in the Human Body 

In July 1 963, whole-body measurements were initiated at Risø in the 

low-level counting room in the Health Physics Department (cf. 2. 3 in Risø 

Report No. 851 ' ) . A control group from the Health Physics Department was 

selected and has since then been measured three times a year . Table 6. 2 

shows the results . 

The annual mean value of the control group was 13 pCi Cs-137/g K. As 

ear l ier , we shall consider this figure representative of the mean of the 

Danish population in 1 971. The total-body content of Cs-137 in 1 970 for a 
—3 

standard man containing 140 g of potassium equals 140 • 13 • 10 nCi = 

1. 8 nCi Cs-1 37, i . e. approx. 60% of the 1 970 level. 

pCiCs-m/gK 

III 
f • . 1- » 

,Hl'lAi'llJoiMAlJl'l'l!sJjJl'''J^''mHJWJn' ' ' I'I'BYIVS'OWJ'F'WVHYJVS'OW 
1970 W " 

pCi Cs-07/gK 

? 

I I » M I 
• < M 

Fig. 6.2. Ca-137 mean terete in humane, 1963-71 (1 S.O. Indicated) 
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The decrease from 1 970 to 1 971 is of the same order as from 1 9(j!> to 

1 970. As discussed in the 1 970 report (Kiso Report No. 243 ') we suspect 

the figures from 1 969 (and 1 968) to be loo high. We have, however, not 

finished the recalibration of our whole-body counter, and the results since 

1 968 a r e thus still subject to a possible revision. 

Fig. 6. 2 shows the mean M. U. values (with one S. D.) for men and 

women measured in 1 963-1 971. 

The maximum was reached in August 1 964. The figure also shows that 

the mean level in the male group was approx. 1.3 - 1 . 5 times as high as 

that in the female group (cf. also Appendix C). 

7. STRONTIUM-90 IN SEA WATER IN 1 971 

The collection of sea-water samples initiated in 1 961 -62 was continued 

in 1 971. The samples were collected by "Fyrholm" in June and December 

around Zealand at the same locations as in 1 970. 

Fig. 7.1 shows the mean content of Sr-90 in sea water collected since 

November-December 1962 in inner Danish waters (cf. also fig. 5. 8. 2). The 

levels have been ra ther constant in recent years . 

Table 7.1.2 shows the Sr-90 levels in sea-water samples collected in 

Øresund at Barsebach, where a Swedish nuclear power plant is under con­

struction. 
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Sr-90 iit s t a water collected around Zealand in June and December I 971 
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Table 7.1 • 2 

Sr-9€ in sea water collected at Barceback in June t 
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Fig . 7 . 1 . S r - 9 0 in s e a water from Inner Daman w a t e r s , 1962-71 

(1 S. D. Indicated) 



8. SPECIAL SURVEYS 

8 . 1 . Meteorological Mast Experiment 

As in the previous years , samples of precipitation were collected from 

the meteorological mast at Risø at eight different heights. The Sr-90 

analyses were, however, carried out on quarterly and not as previously on 

monthly samples (cf. fig. 3 .1 .2 .2) . 

Table 8.1.1 shows the Sr-90 levels in the eight bottles throughout the 

year. An analysis of variance of the natural logarithm of the pCi Sr-90/1 
2 

and the mCi Sr-90/km figures showed as previously that the variations 
between months were highly significant (P ) 99. 95%). The variations be­

tween the different locations were significant (P ) 99. 5%) in the case of 

pCi/1, but not for mCi/km . The monthly mean evaporation of the year 

was measured at 7 and 1 23 m. We found 1 2 . 6 * 2 . 5% and 9.0 t 1. 4% r e ­

spectively, i. e. the evaporation was not higher at the top of the mast than 

at bottom (cf. also Risø Reports Nos. 107, 130, and 1 54 ' ) . 

The mean amount of precipitation in the eight bottles on the mast was 

475 mm in 1 971, i. e. as in 1 970 approx. 90% of the level measured in rain 

bottles at ground level at Risø (cf. table 3. 2.4.1). The total deposition was 
9 

1. 07 mCi Sr-90/km , i. e. 10% higher than the level measured at the ground 

stations at Risø (cf. 3. 2.4). 
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Sr-90 in tue meu-orological :>iaat 1 S71 

Jas. 

Feb. 

Mar. 

Apr. 

aiay 

Jime 

July 

Au z. 

Sep. 

Oct. 

Dec. 

19 VI 

O m 

pCi/1 

> 1.01 

> 3-20 

l 2.38 

i- 0.58 

x 1.79 

mCi/km2 

0.109 

0.43? 

0.2?1 

0.O84 

Z O.896 

501 IM 

7 m 

pC'./I 

1.10 

2.32 

0.58 

5 2.03 

mCi/km 

0.133 

0.516 

0.28I 

0.0£ 

E 0.998 

1*91 M 

23 ni 

PCi/1 

1.46 

4.6i 

2.5« 

O.?0 

5 2.3* 

saCi/kiaa 

o.ig4 

0.622 

0.30? 

0.094 

£ 1.217 

521 m 

39 si 

pCi/1 

1.58 

3-83 

2.84 

0.70 

X 2.28 

mCi/U^.' 

0.2?fc 

0.536 

0-30? 

0.077 

l 1.156 

507 — 

35 ni 

PCi/1 

1.35 

4.11 

2.69 

0.74 

I Z.S5 

mCl/km2 

0.168 

0.510 

0.312 

0.085 

E 1.075 

4780m 

72 ra 

PCi/1 

1.86 

3.81 

3.07 

O.69 

S ?.37 

.niCi/km 

0,242 

0.511 

0.325 

0.083 

£ 1.161 

96 m 

PCi/1 

1.91 

4.62 

2.95 

0.67 

S 2.57 

iaCi/km2 

0.210 

0.531 

0.298 

0.072 

X 1.111 

'#> •• | tø • 

123 m 

PCi/1 

1-9? 

5-54 

3.30 

0.96 

s 2.50 

mCl/kmS 

0.132 

O.432 

0,26l 

0.100 

£ 0.943 

Meaa 

pCi/1 

1.53 

3-95 

2.77 

0,70 

I 2.25 

mCi/kir.3 

0.178 

O.511 

O.298 

0.083 

£ 1.070 

378 m | 475 M 

B5 

8.2. Fission Product Ratios in Ai»- ja.n.jj:t- ^ od in the Meteorological 

Mast in 1972 

Air samplers of the injector up. ;ave been installed in the meteoro­

logical mast at the same altitudes ~s me rain bottles. Each sampler was 

equipped with an 8 cm glass-fibre filter which was changed every Monday. 

The thirteen filters from three months were combined to a quarterly sample 
3 

from each height. The total s mount of air in a sample was approx. 7500 m . 
The samples were counted on a Ge(Li) detector for 24 hours. Sr-90 (and 
Sr-89) were also determined. 

Tables 8. 2.1 - 8 .2 . 7 show isotope ratios determined at the different 
heights. Analysis of variance were carried out on the ratios. We found no 
indication of any variation in the ratios with altitude. 

Table 8 .2 .1 

Ce141/Ce144 in air filters collected quarterly at 8 different heights 

in *he meteorological mast at Ris« in 1971 
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Table 8.2. 2 

Zr95/Ce144 in a i r filters collected quar ter ly a t 8 different heights 

in the meteorological m a s t at Risø in 1 971 
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Table fl.2.3 

Zr95/Cs137 in a i r f i l ters collected quar te r ly at 8 different heights 

in the meteorological m a s t at Risø in 1 971 
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Table S. 2.1 

Rul 0'»/Zr95 in a i r f i l ters collected quar ter ly at i\ iliftVren: lioi^his 

in the meteorological mast at Riso in I 371 
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Table 8 .2 .5 

Rul03/Ru106 in a i r f i l ters collected quar ter ly at 8 different heights 

in the meteorological mast at Kisø in 1 971 
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Table 8. 2. 6 

Cs137/Sr90 in a i r fi l ters collected quar ter ly a t 8 different heights 

in the meteorological m a s t a t Risø in 1 971 
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Table 8. 2 .7 

Sr89/Sr80 in a i r f i l ters collected quar te r ly a t 8 different height! 

in the meteorological m a s t a t R i sg In 1 971 
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8. 3. Human Milk 

No human milk samples were collected in 1971. 

8.4. Country-wide Measurement of the Y-Background in 1 971 

8 . 4 . 1 . State Experimental Farms 

As in the previous years 't the Y-background was measured in March, 

June, September, and December at ten State experimental farms. Table 

8.4. J. 1 shows the resul ts , and table 8 . 4 . 1 . 2 gives the analysis of variance. 

The variations between locations were highly significant (P > 99. 95%). As 

in the previous years , it was evidently not the fall-out that determined the 

variation between locations. 

As the accumulated fall-out levels have been rather constant since 

1 966, we have no reason to expect a significant decrease in the Y-background 

levels since that year . In the period 1 966-69 the mean background for the 

ten state experimental farms was 6. 33 - 0.1 7 (iR/h, but in 1 970 we found 

5.4 and in 1971 4 .5 jiR/h. We ascribe these low mean levels to a decreasing 

sensitivity of our scintillation crystal for Y-energies, for which we cannot 

compensate when we calibrate it with a Ra-226 source. We have therefore 

corrected our 1 970 (Risø Report No. 245 ') and 1 971 results by multiplica­

tion by factors of 1.17 and 1.40 respectively. 

Table 8 .4 .1 ,1 

Y-background at the s ta te experimental f a rms in 1 971 (t»R/h) 

(Correct ion factor 1.40 has been applied to all data) 
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Fig. 8.4 shows the Y-background in four groups of sampling stations 
since I 962. The fact that stations with a low fall-out rate and a high clay 
content in the soil (Abed, Blangstedgard and Tystofte) show higher Y-levels 
than stations with a high fall-out rate and a low clay content (hut a high sand 
content) (Studsgård, St. Jyndevad and Askov) was discussed in Risø Report 
No. 1541 ' . 

u R / h / \ ° • Åkirkeby 

1962 ' 1963 ' S W - 1 1965 ' 1966 1967 ' 1968 ' 1969 ' 1970 ' 197? 

Fig. 6.4. The y-backgroiuid at the State experimental farms. 1962-71 

8 .4 .2 . The Risø Environment 

Y-background measurements were performed in the five zones round 

Risø in July. The measurements were carried out at the locations where 

grass and soil are collected (cf. figs. 3 .1 . 2.1 and 3 .1 . 2.2 (the coloured 

map)). 

Table 8.4. 2. shows the results. 
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Y<background (n/RM in the five z o n e s around R i s e in 1! 

(Correct ion factor 1 . 4 0 has been applied to a l l data) 
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In all locations in zone 1 and in locution 2 in zone 11 the Y-background 
was increased because of the various radiation sources at the research 
establishment. The weighted annual mean for zones I1I-V was 7. 2 uR/h, 
i. e. equal to the (corrected) 1970 level. In zone I the surplus activity from 
the research establishment was 8 . 8 - 7 . 2 = 1.6 nR/h (in 1967: 4 .0 , in 1 968: 
3. 9, and in 1 969: 3. 3). A man working in the open in the Risø area 40 hours 
a week for 45 weeks a year would thus get a surplus dose of 3 mR/year. 

8.4. 3. A Location in Zealand 

As it is important to have knowledge of the preoperational radiation 

levels of a nuclear power plant, it was in 1967 decided to initiate such 

measurements at a location in Zealand (and one in Jutland) which might be 

used for nuclear power plants in the future. 

The area around the location was divided into four zones: A, B, C, and 

D, with radii of 5, 10, 15, and 20 km respectively. The zones were each 

divided into 1 2 30 sectors, sector 1 being from straight north and 30 

clockwise, sector 2 from 30 to 60 and so on. A measuring location was 

thus determined by a zone letter and a sector number. Locations in the 

sea were omitted. 

Table 8.4. 3 shows the results. The annual mean for all locations was 

6.8 uR/h, i. e. nearly equal to the level found in zone 111-V around Risø, 

and to the levels in previous years. 

8 .4 .4 . A Location in Jutland 

Table 8.4.4 shows a similar investigation as in 8.4. 3 for a location in 

Jutland. The annual mean for all locations was 6.0 nR/h, i. e. lower than 

levels of Zealand (cf. 8 .4 . 2 and 8.4. 3), and lower than in 1 967-70. 

8.4. 5. The Coasts of the Great Belt 

The Great Belt is a main shipping route for international traffic through 

the inner Danish waters. Occasionally this waterway will be passed by 

nuclear ships. An environmental Y-survey of the coastline along the Great 

Belt has therefore been initiated. Table 8.4. 5. shows the results. The 

levels were a little lower than those found in most of the other parts of the 

country. The annual mean was 6.1 uR/h. 

It is remarkable that the lowest v-background levels are found near 

the sea. 
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^-background (pR/h) around a location in Jutland in 1 9TI 
(Correction factor 1.40 has been applied to all data) 
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The Y-background (|tR/h) along the coas t s of the Great Belt in 1971 

(Correct ion factor 1.40 has been applied to all data) 
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Mean 

C I 

C 2 

C I 

C I 

C 5 
C I 

C I 

C 8 
C 9 
C 10 
C I I 

C 12 

Mean 

D l 

D 2 

D S 

D 4 

D S 

D S 

D 7 

D S 

D l 

D 1 0 

D U 

D 1 2 

Mean 

. 

5.9 

6.6 
6.6 

5.3 
6.6 
7.0 

5-7 

5.7 
5.3 
5.3 

5-7 
5.7 
6.2 

6.0 

7.0 

7.4 
4.3 

7.4 
7.0 

5-7 
6.2 

5-3 
6.2 

5.3 

5.7 
6.2 

6.1 

6.6 
6.6 
5.7 

7.0 
5.3 
6.6 
6.2 

5.3 
5.3 
5.7 
5.7 
6.2 

6.0 

Location 

Agersø 

Orne 

Røsnæs 

R e e r s ø 

Halskov 

Sprogø 

Knudshoved 

Risinge 

Fyns Hoved 

Ta rup Strand 

Hov. Langeland 

Mean 

July 

5.3 

5.3 

5.3 

6.2 

8.3 

6 .2 

5.3 

5.7 

6.6 

6.2 

6.2 

6.1 



9. CONCLUSION 

9.1 . Risø Environmental Monitoring 

No radioactive contamination of the environment originating from the 

operation of the research establishment was ascertained outside Risø in 

1 971. As in the previous years , the variations in contamination levels were 

quite independent of the distance of the sampling locations from Risø. 

9. 2. Nuclear-Weapon Debris in Air. Precipitation, Soil, Ground Water, 
and Surface Water 

The mean content of Sr-90 in a i r collected in 1 971 was 0. 001 9 pCi 

Sr-90/m , i. e. 10% lower than the 1 970 level. The average fall-out for 

the State experimental farms in 1 971 was 1. 5 mCi Sr-90/km or a little 

lower than the 1 970 figure, and the mean concentration of Sr-90 in rain 

water was 2. 8 pCi Sr-90/1, i. e. 1 5% higher than the 1 970 level. 

The accumulated fall-out down to a depth of 30 cm by the end of 1 971 

was approx. 54 mCi Sr-90/km . From 0-20 cm the level was 47 mCi 

Sr-90/km 2 . 

The fall-out levels in Jutland, in conformity with the greater amounts 
of precipitation in that part of the country, were 15-25% higher than the 
levels found in eastern Denmark. 

The median level of Sr-90 in Danish ground water was 0. 09 pCi Sr-90/1. 
The mean level of Sr-90 in fresh water from Danish s t reams was 0. 37 

pCi/1 and in lakes we found 1. 50 pCi Sr-90/1 . 

9. 3. Sr-90 and Cs-1 37 in the Human Diet 

The mean level of Sr-90 in Danish milk was 7. 2 S. V., and the mean 
content of Cs-1 37 was approx. 14 pCi Cs-1 37/1. 

The 1971 Sr-90 and Cs-137 levels were nearly equal to the levels found 
in milk produced in 1 969 and 1 970. 

The Sr-90 mean content in grain from the 1 971 harvest was 60 pCi Sr-

90/kg. The Cs-1 37 mean content in grain was 84 pCi Cs-1 37/kg. The Sr-90 

level in grain from the 1 971 harvest was nearly 50% higher than the level 

found in the 1 970 harvest, and Cs-137 was 30% higher than the 1 970 level. 
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The mean contents of Sr-90 and Cs-1 37 in Danish vegetables collected 

in 1 971 were 11 pCi Sr-90/kg (35 S. U.) and 1. 6 pCi Cs-1 37/kg respectively, 

and in fruits 5 pCi Sr-90/kg and 7 pCi Cs-1 37/kg; potatoes contained 3. r> 

pCi Sr-90/kg and 11 pCi Cs-1 37/kg. 

The mean levels of Sr-90 and Cs-1 37 in total-diet samples collected in 

1 971 were 7. 5 S. U. or 1 3. 2 pCi Sr-90/day and 33 pCi Cs-1 37/day respect­

ively. From analyses of the individual diet components the Sr-90 level in 

the Danish average diet was estimated to be 7. 9 S. U. und the Cs-1 37 intake 

to be 38 pCi Cs-1 37/day. The Sr-90 levels in the Danish total diet con­

sumed in 1 971 were nearly equal to the 1 970 levels, while the Cs-1 37 levels 

were a little higher. 

Grain products contributed 34% and milk products 40% to the total Sr-90 

intake, and 32% of the Cs-1 37 in the diet came from meat, 32% from grain 

products, and 1 7% from milk products. 

The Sr-90 as well as the Cs-1 37 diet levels were on the average signif­

icantly higher in Jutland than in eastern Denmark. 

9.4. Sr-90 and Cs-1 37 in Humans 

The Sr-90 mean content in human bone (vertebrae) collected in 1 971 

was 1.1 S. U. in new-born children, 2. 7 S. U. in infants, 2. 2 S. U. in 

children and teen-agers , 1. 8 S. U. in adults (20-29 years old) and 1. 6 S. U. 

in adults of more than 29 years . The 1 971 bone levels were generally 

higher than the 1 970 levels. 

The mean content of Cs-1 37 in the human body in 1 971 was estimated 

from whole-body countings to be 1. 8 nCi (1 3 pCi Cs-1 37/g K), i. e. approx. 

60% of the 1 970 level. 

9. 5. Sr-90 in Sea Water 

The mean content of Sr-90 in the inner Danish waters was approx. 0. 6 

pCi Sr-90/1 in 1 971, i. e. unchanged from the levels in previous years . 

9. 6. The Y-Background 

The V-background measured at the State experimental farms in 1 971 

was 6.3 nR/h. 

9. 7. Summary 

The concentrations of long-lived fall-out nucleides in ground-level air 

and precipitation collected in 1 971 were nearly equal to the levels found in 

1970. 
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In milk produced in 1 971 the Sr-90 and Cs-137 levels were the same 

as the 1 970 levels. In grain from 1 971 the levels were 30-50% higher than 

the 1 970 concentrations. 

The Sr-90 and Cs-137 levels in the total diet consumed in 1 970 were 

nearly equa] to the 1 968, 1 969, and 1 970 concentrations. 

The Sr-90 concentrations in human bone were a little higher in 1 971 
than in 1 970. 

APPENDIX A 

Calculated Fall-out in the Eight Zones in 1971 

mm 
precipitation 

in 1971 

mCi Sr-90/km" 
in 1 97! 

Accumulated 
mCi Sr-90/km2 

by the end of 
1971 (0-30 cm) 

N. Jutland 

E. Jutland 

W. Jutland 

S. Jutland 

Funen 

Zealand 

VII: Lolland-Falster | 

VIII: Bornholm 

r 658 

Area-weighted mean 

The amount* of precipitation were obtained from ref. 9, and from 4 .1 , 
and 4.2. 
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APPENDIX C 

The prediction models used hitherto ' have been corrected by the 

introduction of an exponential term in the soil factor. Hence A is now the 

calculated, available, accumulated fall-out (in mCi Sr-90/km 2 ) in the soil . 

The effective half life of Sr-90 in the soil is 4 years corresponding to a 

decay constant A. of 0.1 7 years" . The models for Cs-1 37 have been changed, 

the soil term has been deleted, and in some cases replaced by a second lag 

term (the fall-out ra te of the year (i-2)). 

Table CI shows that the mean rat io between observed and predicted 

Sr- 90 levels in 1971 was 1.1 6 - 0.05 (1 SE), and from table C2 it appears 

that the corresponding rat io for Cs-1 37 was 0. 99 - 0. 05. Thus we may con­

clude that the prediction models for Cs-1 37 have yielded acceptable esti­

mates for 1 971, while the Sr-90 models, contrary to the two previous years , 

ha \e this year overestimated the levels. The discrepancy has been es ­

pecially evident for the Sr-90 levels in grain. 

Table C 1 

A compar ison between observed and predicted S r -90 levels 

in the human food chain in Denmark in 1 971 

Sample and location 

Milk from Jutland 

Milk from the Islands 

Rye from Jutland 

Rye from the Islands 

Bar ley from Jutland 

Bar ley from the Islands 

Wheat from Jutland 

Wheat from the Islands 

Oa 's from Jutland 

Oats from the Islands 

Potatoes from Jutland 

Potatoes from the Islands 

Total diet from Jutland 

Total diet from the Islands 

Newborns ' bone 

Adults ' ve r t eb rae 

Ob-

8.6 

5-2 

167 

92 

13<f 

67 

163 

88 

115 

55 

*.0 

3.0 

a.'t 

6.5 

1.1 

P r e ­
dicted 

155 

69 

1135 

52 

152 

85 

76 

36 

2.7 

2.8 

9.7 

6.5 

Equation used for the prediction 

0.26A,. • 0 . 4 7 d ( . . 1 ) , O . ^ ^ 

+ O.I(7d( i_1, + 0.18AU. 

2.06A,. 

S.U. - 1.04a 

S.U. • 0.78d 

S . U . = * « ( j . a ) • — ^ . ^ 

S.U. - 1 5 6 , ^ , 1 . 2 0 * ^ , 

S.U. - 161d ( . . a ) . U V l ) 

S.U. = 5 * d ( ^ , + 1 . 2 ^ , ^ , 

1 5 ^ ( j . a ) • 3 . 1 * V l u l ) 

2.21+A 

b j ( i - l ) 

S.U. 

S.U. 136d. 

S. U. = 7 0 d ( j „ , • L t ø S ^ u , 

S.U. = 5 6 d ( j , a ) • 0 . 9 6 A b j ( 1 _ 1 , 

pCi S r -90 /kg = 0 .13a, . , • O . l l A ^ , . ^ , 

p C i S r - 9 0 / k g - O.l80 ( 1 , • 0.062A ) )y ( i_1, 

S.U. • 0.89d ( 1 , • 1 . 2 S d ( i J ) * 0 . 2 5 * ^ , ! . ! , 

S.U. = o.Bta ' ( l ) * 1.274 
' d - D + 0-21%(i-l) 

"•°17d(l-2) * " - " ^ W l , 
S- U. * 0.021d Wi) + o-OW, ' ( i-2) + O.O56A. 

The prediction models were calculated from data collected in J 962- 70 (/or gra in f 962-71} 

d is the fall-out ra+p i». mCi S r -90 /km (table 4 . 1 . 1 ) , A i s the es t imated, available 

accumulated fall-out in mCi S r -90 /km calculated for an effective half-life of Sr-90 

in the soil of 4 y e a r s . 

(i) is the cu r r en t year , (i-1) the yea r before e tc . (j-a) i s July-August, 

lby(i.-l 

99 

A c o m p a n s o n lH°:weeii ousvrvou uti.i i-f, •l:..-:l ,i i / - - ! . : : 

in tile human :'.>od riui::t ;:: l)iT.:v.,i[-ii ;:i ! :'T! 

, , , Ob-bampie and location , , 

Milk IV.>ni Jutland 

.Milk from the is lands 

ilye from Jutland 

Rye from the Islands 

Bar ley from Jutland 

Bar ley from the Islands 

Wheat from Jutland 

Wheat from the Islands 

Oats from Jutland 

Oa'.s fn>m tin.1 Islands 

Potatoes from Jutland 

Potatoes from the Islands 

Beef 

Pork 

Total diet from Jutland 

Total diet from the Islands 

Whole body from 
the Tslands 

' • 9 

I V -

9T 

• • • ' 

?c. 

T 

'-
10 

rO 

92 

3 8 

27 

1 3 

1'iv-
tllc EccL 

• -

'•: 

... 
i c : 

=9 

-1-

1 

" 
(-, 
90 

v> 

23 

17 

K.iuanon i;s,v: tor :\w pivdu-r.on 

PL'i C*-1 :!T/i; K = • . - i • ••-•• i _. 

pCt Cs-I37/j i K= . ' ' : . • :.' •.: ._. 

!>Ci Cs-137/kj; - '- ' - : __ 

pCi C*5-1'J7ykjj = -l-«i ..._. 

pCi Cs-137/k; ' = •••- i 

pCi C s - U 7 / k j ; - " ' i „_. 

pCi Cs-137/kj,' = '-•'-: .,_ 

pCi Cs -137 /ks = ' 1 : ...... 

pCi Cs-i ; i7/ki ; - •'' i .... 

I.CL Cs-l:l"/kf> -• '=..__ 

p O C.S-1 :i7/ki; = -• : 

p O C s - i : n / k g = •••••! : 

pCi Cs-137/kii = -'•'.'-! ; • ' .. i ._ . . 

pCi Cs-1 37/kg = '"'i L * I'd ,_j . : . 

pCi Cs-137/day = '"-^ ^ • *!•'* j _ L -

pCiCs-137 /day = 7 . ' d - i - 11..'-i i_1 • 

pCi Cs-137/g K = 1 ,"" l I '1 , -( '•••:,i
 ; . j . , ' 

The predict ion models were for milk calculated from data collected (1 i)(ili-70),fi.r t;rai 

(1 962-71), for potatoes (1 963-71), o r meat 

(m-a) is May-August and the fall-out ra tes 

{cf. a l so r e m a r k s to table C I ) 

total diet and whole body (1 9IJ3-70). 

a r e measured in mCi Sr-90/kin"* 

1 . . • • ( 

" • " ' • , - . 
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