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Abstract 

The present report deals with the measurement of fall-out radioactivi
ty in Denmark in 1 969. Sr-90 was determined in samples from all over the 
country of precipitation, soil, ground water, sea water, grass, dried milk, 
fresh milk, grain, bread, potatoes, vegetables, fruit, total diet, drinking 
water, and human bone. Furthermore Sr-90 was determined in local samples 
of air, rain water, grass, sea plants, fish, meat, and human milk. Cs-T 37 
was determined in milk, grain products, potatoes, vegetables, fruit, total 
diet, meat, and human milk samples, and Cs-137 was measured by whole-
body counting in persons from a control group at RisO. Estimates of the 
mean contents of radiostrontium and radiocaesium in the human diet in Den
mark in 1 969 are given. The V-background was measured regularly at lo
cations around RisO, at ten of the State experimental farms and in an area in 
Zealand, one in Jutland where future nuclear power plants might be located 
and along the shores of the Great Belt. Finally Hie report includes, as pre
viously, regular surveys of environmental samples from the RisO area. 
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ABBREVIATIONS AND UNITS 

FP 

pCi 
nCi 
mCi 
MPC 
c/min 
d/min 
c/h 

nR 
S.U. 
O.E. 
M.U. 
V 
m 
f 
n Sr 

eqv. ug 
eqv. mg KCl 

Fission products 
picocurie. 10" Ci, wiCi 
nanocurie, 10' Ci, myCi 
millicurie, 10" Ci 
maximum permissible concentration 
counts per minute 
disintegrations per minute 
counts per hour 
micro-roentgen, 10" roentgen 
pCi 3r-90/g Ca. 
observed ratio 

pCiCs-137/gK. 
vertebrae 
male 
female 
natural (stable) Sr 
equivalents g uranium: activity 
equivalents mg KCl: activity as 

Samples: 
H: 
J: 
L: 
Br 

Å: 
PG 
PH 
D: 
S: 

R: 
M: 

as from 1 | 
from 1 mg: 

sea water 
soil 
air 
bed soil 
eel 

: grass 
: sea plants 

drain water 
waste water 
precipitation 
milk 

»g U(~90 d/h) 
KCl (~0.88 d/min) 

S.D. 

S.E, 

U.C.L. 
L.C.L. 

a 
S.S.D. 
f 
B2 

V2 

t 
1 

standard deviation: 

standard error: : »T^T7 

r 
2 

upper control level 
lower control level 
one standard deviation due to counting 
sum of squares of deviation: E(x-Xj) 
degrees of freedom 
the variance 

the ratio between the variance in question and the 
residual variance 

probability tractile of the distribution in question 
coefficient, of variation 



1. INTRODUCTION 

1 . 1 . 

The present report i s the thirteenth of a series of periodical reports 
(cf. ref. 1) dealing with measurements of radioactivity in Denmark. 

The programme is nearly unchanged as compared with 1 968. Drinking 
water and sea water were collected only in June. Virumgård was in the 
grain and potato sampling replaced by Ledreborg. In the dried-milk pro
gramme Kalundborg was replaced by Ringsted, and instead of dried milk 
from Nakskov fresh milk was Bampled from three dairies on Lolland. Fal
ster and Mon. 

1.2. 
2-41 

The methods of radiochemical analysis . and the statistical treat
ment of the results ' are still based on the principles established in previous 
reportB '. 

1 . 3 . 

The report does not include detailed tables of the total f) measurements 
from the environmental control of the RisS site. These tables are available 
in the form of microcards at the library of the Danish Atomic Energy Com
mission at Riso. 

1.4. 

The report contains no information as regards sample collection and 
analysis except in the cases where throe procedures have been altered. 

1. 5, 

In t H» U» Fwr.uuaai oi th» Eaviijoatnantal Control Section tt the Health 

Physic« f^sjertoent cQBfi*t*d,of of« fbemte^ tsnaaborajipry tfuhmjjitans. 

two men for *utylfrpl*&fr^i tfja?Æ*J<P\ yHfitørøfc -*-M *t t 

^l^teo^o^^.lonajiqt.Wiffi&WWf*)-*?*' ^Jfr.SWftwWBfr-
fMQt, bat ajs|> In th* k t t ^ f y d ^ ^^^'.q^irfly, . _ , ., .,, 
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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-Jørgensen, Ph. O. 

2. ORGANIZATION AND FACILITIES 

Only minor alterations have taken place in the sample collection, pre
paration, analysis, and counting ' ' as compared with the previous years. 

3. RISO ENVIRONMENTAL MONITORING IN 1 969 

3.1. GrosB B activity 

3 .1 .1 . Sea Water 

Fig. 3.1.1.1 shows the sample locations in Roskilde Fjord. Fig. 
3.1.1. 2 shows the control chart for H I. The yearly mean for HI in 1 969 
was 53 eqv. mg KCl/2.5 g (in 1 968: 57), for H III-Vfc 52 eqv. mg KCl/2.5 g 
(in 1 968: 57) and for H VH-X: 53 eqv. mg KCl/2. 5 g (in 1 968: 56). Fig. 
3.1.1.3 shows the mean levels of radioactivity in sea salt since 1957. 

n « . 1 .1 .1 .1 . BaUlldm Fjord. 



eqvmg KCL/25g salt 

60 
8 

50 

40 

20 
» 

10 

0 

^^^v^; UCXM 

Lax 

J F M A M J J 4 S 0 N 0 

Fig. 3.1.1.2. Control chart tor HI, 1963. 

eqv. mg KQ/2.5g salt 

Hl H l - m 

Fif. 9.1.1.3. H e m r&diOAciivlty in •«« mtor, 1957-31 

HID-I 

3.1 . 2. Soli 

Figo. 3.1.2,1 and 3 .1 .2 ,2 (the colour«! map) ehow 4i« eample loc»-

m 

tione fot land sardplec In the oii^ift^iment,<d Riso. 

Tb« Jt^rly tT^*ri før J 1 In \ 

'' " »nit-I éj«4 iikiJjiv-v: 

day« waj »figfeHMbft icr j T f 
(P ) 99. &%} and not tlgjiiflMJf fo# ;j*F-V. *b» r«l»«lv« rtlttdul irrer 
of the »oil activity 'tfeiévrfl(m»fc#!%S^ *ft**t-'-7*.' ' " 
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Fif. 3.1.3.1. Hu RMS Bewarch Sstabliduuit. 

eqv. mgKCI/3.0g soil 

»Mawneaetaanaa »SwaafeeMtaffaM v a * w i l é a « a å « å i 
Jl J l - 1 jfir-T 

rig. 3.i.3,s. Htmnaa^n-Atristma. i w - n . 
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3 .1 .3 . Air 

Fig. 3.1.3.1 shows the diagram for F F activitv in air samples In 1969. 

The mean value for the year was 0. 27 eqv. mg KCl/m as compared with 

0. 20 eqv. mg KCl/m3 in 1 968. 

Fig. 3 .1 .3 . 2 shows the mean FF levels in air since 1957. 

eqv. mg KCl/m3 

x 

0001 
J 'F 'M'A'M'J 'J 'A'S'O'N'D J ' F M ' A M ' J ' J ' A ' S ' O N ' D ' 

Fig. 3.1.5.1. Control chut for LP, 1968. 

It 

. . . . . . . l i . ! . . 
1 1 
I | ;•''• 

l u l l * J j 
if 

#* %•,. tifi-aammimwir*. ****** ** 
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8.1 .4 . Bed Soil from the Fjord 

The mean activity in bed soil B I was 136 eqv. mg KCl/3.0 g ash in 
1969 as compared with 151 eqv. mg KCl/3.0 g in 1968. Fig. 3.1.4.1 shows 
the mean levels for B I since 1957. 

««"• m/u a<M 

Fig. 3.1.4.1. MomndioacttailyiiibadKii], 1957-6«. 

3.1.5. Fish 

No fish samples from Roskilde Fjord were measured in 1969. 

3 .1.6. Grass 

The mean values were in 1969 for PG I: 23 eqv. mg KC1/0.1 g grass 
ash (in 1 968: 28), for PG II-IH: 22 eqv. mg KC1/0.1 g (in 1968: 20) and for 
PG IV-V: 21 eqv. mg KC1/0.1 g (in 1968: 22). Fig. 3.1.6.1 shows the 
mean activities in grass ash since 1957. 

The analysis of variance revealed no significant variations between 
locations. The variation between days was highly significant (P ) 99.95%). 
The residual error of the grass determinations was appro*. 22%. 

eqv mg NQ/0.1g ash. 

wo 

1L..̂ J 
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3.1.7. Sea Plants 

The mean FP level in 1969 in Fucus vesicolosus (PH I) was 1 eqv. mg 
KC1/0.1 g ash (2. 5 in 1 968), and in Zostera marina (PH ni and PH K ) we 
found 0 eqv. mg KC1/0.1 g ash (5 in 1968). Fig. 3 .1 . 7.1 shows the mean 
FP radioactivity levels in sea plants since 1958. 

eqvLmg KCI/OIgonh 

iLlI 
asen eBKeaweta 

Fucus wSHOtosus 

! l ; l , l l a l l a 

rif. 3.1.7.1. 

Zostera fnarind 
•MuFP-radliKctnityinMiplaBtt, Iwa-M. 

3.1.8 . Fresh Water 

Fig. 3.1.8.1 contains the control cherts for S (cf. fig. 3.1.2. 2). The 
yearly means for O I, O II, D IV, and S in 1969 were 61 eqv. mg KCl/1 
(1 968: 38), 25 eqv. mg KCl/1 (1 968: 33), 33 eqv. mg KCl/1 (1 968: 32), and 
56 eqv. mg KCl/1 (1968: 35) respectively. Fig. 3.1.8. 2 shows the activity 
in drainage water (D) and sewage water (S). The surplus activity in sewage 
water was due to minor amounts of S-35 released in Sept. -Oct. from the 
Waste Treatment Station (cf. fig. 3 ,1 .8 .1) . 

\å> 

KW' 

iuiksiflct j 

Jfi 
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180 
160 
KO 
120 
too-
80 
60 

20 

eqvmgKCI/l 

il Ju JUULI 
58 59 60 61 62 63 6i 65 66 67 68 

Fig. 3 .1 .8 .2 . Mean radioactivity in fresh water, 1958-69. 

3.1.9. Rain Water 

Figs. 3.1.9.1 and 3.1.9.2 show the specific FF level in and the total 
fall-out from rain water collected daily at Riso in 1969. The total fall-out 
in 1 969 was measured at 0.053 * 10 eqv, mg KCl/m , and the annual mea 
concentration in rain water at Ris6 was 134 eqv. mg KCl/1. In 1968 the 
corresponding figures were 0.048 • 10 and 134 respectively.-

Fig. 3,1. 9.3 shows the specific activity in rain water since 1957. 
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*000 
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900 

400 
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3. 2. Radiochemical B Analysis 

3.2.1. Air 

Table 3. 2.1 shows the Sr-90 and Sr-89 levels in air collected at Riso 
in 1 969. Two collections were made, one with the daily air sampler fur
nished with paper filters (cf. 3.1.1) and one with the half-weekly air sam
pler furnished with glass-fibre filters (cf. 3. 3). 

The mean activity level for 1 969 found from the two collections was 
1.4 * 0. 2 pCi Sr-90/10 m , i. e. equal to the level in 1 968. The mean peak 
activity of the two collections in 1 969 was measured in July-August to be 
2. 3 pCi Sr-S0/103m3. Sr-89 from the Chinese tests was detectable through
out the year. 

Fig. 3.2.1.1 shows the Sr-90 levels in air since 1957. 

T»ble». 2.1 

Sr-90 (and Sr-89) in air collected at Bias In 1969, pCi Sr-90/103m3 

Month 

Jan. 

Feb 

Mar. 

Apr. 

May 

June 

July 

Aug, 

Sep. 

Oct. 

HOT. 

Dee. 

1969 

Daily air altera 
(paper filtern) 

0.85 

1.23 

1.22 

o.7e 

0.91 

1.55 

1.39 

2.72 

1.27 

0.S8 

0.37 

0.56 

1.15 

Monthly air filtere 
(glaM-fibre nltera) 

0.81 

1.02 

1.66 

1.15 

1.45 

2.84 

2.98 

3.39 

2.03 

1.12 

0.81 

0.62 

1.59 

Sr-89/Sr.90 
mean ratie 

2 .5 

0 .3 

2 . 0 

1.6 

5 .6 

6.7 

3 .6 

2.7 

3 .4 

2.6 

0 .8 

1.8 

-



JMJ-

^;::;"<v~ •S" 

:~\i 

• O . 

s: 

SJ 
1 

J 





17 

90 

eo 

70 

60 

50 

40 

30 

20 

10 

4 123« 1234 7214 1234 1234 1234 1234 1234 1234 1234 1234 1234 

19ST 1958 19)9 I960 1961 1962 1993 19C4 19«S 196G 1967 1969 1959 

Fig. 3.2.1.1. Sr-90 in air, 1957-99. 

3 .2 .2 . Grass 

Table 3.2. 2 shows the Sr-90 content in grass ash from Zealand in 1 969. 

The mean Sr-90 activity was 3. 2 pCi Sr-90/g ash or 54 S. U. as compared 

with 4.1 pCi/g ash or 72 S. U. in 1 968, i. e. the 1 9G9 level was three fourths 

of the 1 968 level. Fig. 3. 2.2.1 shows the Sr-90 levels in grass since 1 957. 

Table 3.2.3 

Sr-90 in greet from Zealand, 1969 

Month 

Jan. - Mir. 

Apr - June 

July - Sep. 

Oct. -Dec. 

1969 

pCi Sr-M/g osb 

3.80 i*0.42 

2.64 - 0.50 

4.31 - 0.39 

2.07 

3.20 

pCi Sr-M/g Ca 

77 i 8 

57 - 10 

55 I 4 

2B 

54 

The error term l» the S. E. of double determination* 

[ 



40i pCi Sr-90/g ash 

30 

20 

II, jdJIU lllllllllllll. 
234 1234 1234 1234 1234 1 2 3 4 1 2 3 4 1 2 3 4 1234 1 2 3 4 1 2 3 4 1234 1234 
1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 

Fi£. 3.2.2.1. Sr-90 In grass ash, 1957-68. 

3.2. 3. Sea Plants 

Table 3. 2.3 shows the Sr-90 content in sea plants collected from Ros

kilde Fjord in 1 969. 

The level in Fucus vesicolosus was S S. U. in 1 969 as compared with 

Table 3.2.3 

Sr-90 in sea plants from Roskilde Fjord, ! 969 

Sampling 
period 

Jan. -June 

Juty-Sep. 

i n « 

Location 

I 

III 

DC 

I 

m 

DC 

1 

maadrx 

Hit error term is tbwfl. 
within two months of ose 

Species 

Fucus 
vesioolosus 
Zoetera marini 

Fueus 
vesicolosus 

Zosters marina 

Poena 
vssieolosns 
Zosters marina 

iCi Sr-M/g c« 

7 .7-1 .6 

1.7 

2.351 0.1S 

1.8 

2. 91 0.« 

3.9 

4.8 

2.9 

1. of the mosnof-two osmpHihjp oi 
bother. 

pCi Sr-90/g ash 

0. 80 1 0. 05 

0.11 

0.17?0.04 

0.19 

0.1« to.02 

0.22 

0.59 

•.16 

role* est 



30 
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pO Sr-90/gCo 
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D Funis veskotosus 

M II 
SI 1962 B63 W* 

Fl(. ».2.3. Sr-MJafW 

18(6 1966 »67 

plttm, I »9-1«. 

»68 1969 

18 S. U. in 1968, and in Zostera marina tin J Nf mean content was 2. 
as compared with 4 S.U. in 1968. , ' ; 

Fig. 3.2.3 ahowa theS.tJ. level* inSMAlaWtfnceltSB. Itia 
. . . , *I i_i4_-.-_.iJL. -is li _____ ^ _ ^ _ 

uTm 
that Fucua veaiæl 
marina. 5 * « i I i fnfatfttftitøttti 

- f i t -»i*f H I * . _&{ 
a« <&* ism m* m 
' : • ! . f »f* 

•"__H 
i r ii -1-ifHTiiiiia'l''-
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3.2.4 . Rainwater 

Table 3. 2.4.1 shows the radiostrontium level in rain water collected at 
Rise in 1969. The total Sr-90 fall-out in 1 969 was 0. 82 mCi Sr-90/km2 

(429 mm precipitation), and the mean concentration in the rain water was 
1. 9 pCi Sr-90/1. In 1968 we measured 0.99 mCi Sr-90/km (552 mm pre
cipitation) and 1.8 pCi Sr-90/1, i. e. the 1969 levels were nearly equal to 
those of 1 968. 

Fig. 3.2.4.1 shows the Sr-90 levels in rain water since 1 959. 
At five sampling locations (1 -5) in zone I (cf. fig. 3 .1 .2 .1) ion-exchange 

columns collected monthly samples of precipitation along with the bottle col
lectors. The columns have been described earlier (RisO Report No. 41 ') 

4) and are similar 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 results. 

Table 3. 2.4.3 shows Sr-90 determined in monthly samples of rain water 
collected daily in the 1 m rain collector (R) (cf. fig. 3 .1 . 2.1) at Riso. The 

50-, pCi Sr-90/l 

to 

30 

20 

LllUlilJ i l l i - i l l> , i t l i 
29* 12 3*123* 123* 1 24* 1 M*1 t l I T J.24? «»3423?M3*' 

*» tm m im m im m mtrn/i see m 
Tif. 1.1.4.1. >r->D i . pmtpttatiat, 1HI-H. 



Table 3 .2 .4 .1 

Sr-90 inmoDthly sample* of rain water collected la rain bottle« 

at Bias in 1969 (sampling area 1222 cm ) 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jme 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

1969 

mm 

29 

17 

6 

58 

57 

44 

21 

72 

25 

36 

75 

9 

I 429 

[ UaCUkm2 • 

pCiSr-JO/1 

1.06 

0.99 

1.00 

1.09 

3 .51 

4 .61 

5.65 

2.15 

0.99 

0.73 

0.55 . 

0 .98 

I f 1.91 

, o S p c y i 

mCi Sr-SO/lm' 

0 .031 

0.01C 

0.O06 

0.041 

0.169 

0.203 

0.077 

0.155 

0.025 

0.026 

0.041 

0.009 

I 0.82 

Table a. 2 .4 . 2 
Sr-90 in monthly eampleB of rain water collected in ion-azctaange 

column collector« at Bins In 1969 (sampling area 2450 cm ) 

Month 

Jan, 

Feb. 

Har. 

A»r. 

May 

June 

Jnhr 

Aug. 

MP. 

Oct 

«*•>. 

°~ 1 
l e w 

-i\ 

— 
26 

22 

4 

47 

69 

45 

18 

81 

26 

43 

^ r7 l| 
• ^ — 4 , 

f • • ' « |j 
t>T» 

pCiSr-90/1 

1.68 

1.45 

3 .60 

2.27 

: • 5-33 

6.15 

4 .02 

1.87 

1 . 0 * 

,o.n 

« . * * J 

I, ;.!• 

m d Br-BO/km2 

0.044 

0.032 

0.014 

0.107 

0.250 

0.276 

0.072 

0.191 

<VM*->« 

! few* A -* 

1 ^ W r *•?* 

; i pjinata , 

•• " t e . W l . 
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Tania S.8.4.8 

Sr-90 in monthly sampl« tf rain vater collected daily 
in a 1 m2 collector at Kino in 1969 

Month 

J U L 

Feb. 

•far. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

1969, 

~» 
32 

21 

2 

3« 

50 

42 

13 

61 

18 

e 

105 

9 

£394 

pCi Sr-90/1 

6.65 

1.34 

4 .52 

i . 8 a 

5 . 5 , 

1.19 

0.52 

3 . 3 1 

1.52 

0 .56 

0.59 

1.50 

z i 2 .18 

mCi Sr-M)/km2 

0.213 

0 .029 

0 .011 

0 .064 

0 .180 

0 .049 

0.007 

0 .199 

0.027 

0 .005 

0 .062 

0 .013 

1 0 . 8 6 

Table 8.2.4.4 

Analysis of variance of mm precipitation at Riso in 1969 
(from tables 3.2.4.1 - 3.2.4.3) 

Variation 

Betw. samplers 

Betw. months 

Remainder 

i) = 0 .23 

SSD 

269.49 

22226 

1456.84 

f 

2 

11 

22 

a 2 

134.74 

2020.54 

66.22 

? 

2.03 

30.51" 

P 

-
> 9 9 . 9 5 * 

^ 

Table 3.2.4.6 

Analysis of variance of m pCi Sr-M/i precipitation collected at Biao 
in I »•• (from tablas I.2.4.1 -3.2.4.1) 

Variation 

Be*». aamplara 

B*nw, Bhoams 

Kern linear 

MD 

0.5105 

12.2?é9 

8.0602 

t 

z 
11 

a2 

0.WW 

1.1124 

22 1 0.5664 

T> 

« . * * • 

3.<M 

P 

» . , . 
>97 .5* 

. - 0 .** 
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T*bl«3.a.«.6 

Analysis of variance of in mCi Sr-80/km from precipitation at Riso 
in19«9 (from tables 3.2.4.1 .3.1.4.3) 

Variation 

B«tw. samplers 

Betw. months 

Remainder 

SSD 

1.0164 

37.6861 

9.9112 

f 

2 

11 

22 

s 1 

0.S0B2 

3.4260 

0.4505 

»S 

1.13 

7.60 

-

P 

-
>99.95jl 

-
a - 0.75 

monthly samples were subjected to ion exchange in the laboratory on a 
column similar to those used in the field sampling described above, and 
analysed for Sr-90. 

Precipitation was further collected at eight stations located in the 
meteorological mast at Riso (cf. 8.1). Thus we have four sampling systems 

2 
for precipitation covering the Ris5 area: 1: the 1 m collector (table 
3. 2.4. 3); 2: the eight rain bottles at ground level (table 3. 2.4.1); 3: the 
five ion-exchange collectors (table 3. 2.4. 2), and 4: the eight rain bottles 
in the meteorological mast (table 8.1.1). Tables 3 .2 .4 .4 - 3. 2.4.6 show 
the analysis of variance of the three first-mentioned systems (a similar 
analysis was carried out in the previous years). 

3. 2. 5. Milk from a farm near Rie5 

Table 3. 2.5 shows the radiostrontium and caesium-1 3? contents in 
milk collected in 1 969 from a farm near Riso. The mean level was 5.1 

Table 3.2.5 

Sr-90 and Cs-137 in milk frun RisO* In 1969 

Month« 

Jan. - Mar. 

Apr. - June 

JiOy - Sep. 

.Oct. - D a e . 

1969 • 

pCl Sr-W/f Ca 

2.96 

6.97 

5.45 

5.OX 

"'— 5 .10 

pCl Ca-1ST/| K 

3.86 

6.46 

S.61 

3 .10 

5.51 

p c i c a - l 3 7 / 1 

6.64 

10.59 

13.78 

5.a 

9.06 

'Tto.ntUkimecUatttadfroaateaafttpraaBcanjf larn.akraat - _ 
to Ri.« 
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10-

pCi Sr-90/gCa 

3 < ' 1 2 3 4 1234'1 2 3 4 1 2 34 1 2 3 * 1 2 3 * 1 2-34 1 2 3 * 1 2 3 4 1 2 3 4 
1959 1960 1961 1962 1963 1964 B65 1966 1967 S6B 1969 

Fig. 3.2.5. Sr-M in mijk from Ris« neighbourhood. 

S. U. as compared with 5.8 S. U. in 1 968. Fig. 3. 2.5 shows the Sr-90 
levels in "RisO" milk since 1959. The caesium-1 37 levels were nearly 
equal to the levels found in 1968 (and 1967). 

3. 3. Y Spectroscopy of Air Samples 

As in 1962-68, half-weekly samples of air were collected by means of 
the air sampler described in RisS Report No. 23 '. Parts of the half-
weekly filters were bulked Into half-monthly samples and measured on a 

3 8* 
30 cm Ge(Li) detector '. - Table 3.3.1 shows the results. The poak value 
waa obaerved in the first half of August (cf. also Sr-90 In air, table 3.2.1) . 
The mean level In 1969 waa nearly equal to the 1988 mean (2.38 pCi Ca-137/ 
103mS). 
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T«blt». ».1 

Ca-I 37 ia gnus-fibre air f i l t en collected taice a veek at RieB inl » S 
' pCi Ca-I 37 /10 5 m' 

Month 

Jas. 

Feb. 

•tor. 

Apr. 

Ma, 

July 

Auf. 

Sap. 

Oct. 

Sar. 

Dee. 

1 X 9 

pfS/ ld 'm* 

l . J j i 0 . 0 5 

i.nXo.n 

2.78±0.16 

2.08±O.O6 

2.22±0.70 

4.7fi±0-56 

3.97*0.59 

5 .56*1.94" 

1.70*0.05 

1.26*0.05 

1 .23*0.10 

0 .97*0.22 

2-45 

Hie error term i s the S. E. of the m a w of the activity found in 
the firat and the aariaal half of ttte mania. 

»Fixstaalf of August; ?. BO nCi/103m3 

4. HADIOSTRONTIUM IN PRECIPITATION, SOIL AND GROUND WATER 
IN DENMARK IN 1969 

4 .1 . Precipitation '. ' '. , 

Samples of rain water were collected in 1960 from the ten State expert- . 
mental farm« (cf. fig. 4 .1.1) in accordance with the principle* laid down in j 
KisO Report No. 83, p. 51 1 ' . j 

Table 4.1.1 shows the results of the 3r-»0 eWwmllieHMaT^ tatlfkr^ | 
* . I. »nm*-4rfS" thganalyOHBf varians« af Wn feaajlla. - ntnritHim w«*. ! 

time waa manly a^mfieant (P > a»y«S»). Th> maiisisMi •|iaflflff activity 
occurred in iniy-Aturust, when t ie mean CMrtatrt to pfatjj|K««OB w»>%. tt 
pCi Sr-90/1 (cf. also th« air measurement* is 3. 2.1 sod 1.1). The aliariaaai 
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VI«. 4^1.1. ,M>M mmliu—lfanimaBuimfc 

i . ^ - ^ w - ^ - J * -l i l l t . . 
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TibU 

Sr-90 mll-oat fat 

4.1.1 

DeutsarkutMa 

Period 

Jan. - F e b . 

Mer. - Apr. 

M a y - June 

J u l y - Aug. 

Sep. - O d . 

HOT. - Dec . 

1989 

Unit 

p C i / l 

• c i / k a 2 

p C i / l 

a C i / k » a 

p o i / i 

• C l / f t . 2 

p C l / l 

• C i A a 2 

p C i / l 

• c t A a * 

p C i / l 

. c i A . 2 

p o i / i ; 

• C l / k m ^ 
m m precipitation £ 

Tylstrup 

1 .59 

0 .148 

4 . 1 4 

0 . 2 3 2 

3 . 8 3 

0 .400 

6 . } 6 

0 . 4 1 3 

4 . 0 1 

0 .260 

0 . 3 5 

0 . 1 3 1 

2 . 9 7 

1 .584 

521 

Studs-
g i r d 

1 .46 

0.12U 

a . 0 3 

0 .124 

3 . 4 6 

0 .423 

2 . 8 6 

0 .324 

3 . 9 1 

0.OE9 

0 . 6 5 

0 .146 

1 .94 

1 .206 

6Z1 

Ødum 

2 . IB 

0 .093 

2 . 3 2 

0 .135 

2 . 1 4 

0 .216 

4 . 4 1 

0 .329 

3 . 0 4 

0 . 0 5 8 

0 - 9 1 

0 .107 

2 . 2 7 

0 . 9 3 8 

413 

ASCOT 

1 . 5 0 

0 . 1 2 1 

2 . 3 0 

0 . 0 6 7 

3 . 2 0 

0 .485 

4 . 6 7 

0 . 3 3 6 

2 . 3 6 

0 .109 

0 . 8 0 

9 .174 

2 . 1 6 

1 .312 

GOB 

d m d 

1 . 3 9 

0 . 0 9 0 

3 . 8 7 

0 . 1 3 2 

3 . 5 4 

0 .499 

2 .63 

0 . 1 3 1 

1 . 9 0 

0 . 1 2 2 

0 . 7 4 

0 . 1 2 9 

2 . 1 1 

1 . 1 6 3 

551 

a tedf trd 

1 . 0 0 

0 . 0 6 7 

1.35 

O.075 

2 . 5 2 

0 . 2 9 8 

3 . 3 0 

0 . 1 0 4 

1 .26 

0 . 0 9 7 

0 . 4 8 

0 . 0 6 0 

1 .46 

0 . 7 0 1 

475 

Tye tofte 

1 .66 

0 . 0 7 9 

1 .47 

0 . 0 7 0 

3 . 4 6 

0 . 3 1 4 

4 . 9 2 

0 . 2 7 3 

4 . 5 4 

0 . 0 6 2 

0 .65 

0 . 0 5 5 

2 . 5 0 

0 . 8 5 3 

341 

V l n m -
| å r d 

1 . 2 2 

0 .074 

1 . 5 2 

0 .057 

2 . 8 7 

0 .325 

3 . 0 9 

0 .285 

2 . J 6 

0 . 1 0 1 

0 . 6 6 

0 .064 

2 . 6 6 

0 . 9 0 6 

443 

AM *gf-

0.71 

0.044 

1.42 

0.076 

2.61 

0.2K 

2.68 

0.079 

4.87 

0.217 

5.32 

0.212 

2.33 2.3« 

0.190 0.312 

1.93 2.14 

0.042 0.118 

0.45 1.31 

0.072 0.115 

1.36 2.71 

0.634 1.053 

458 3B8 

HMD 

1.S4 

0.092 

2.53 

0.120 

3.3P 

0.338 

3.72 

9.276 

2.75 

0.104 

0.76 

0.105 

2.15 

1.035 

4B2 

Analysis of variance of In pCl Sr-80/1 precipitation in 1 » » 

(from table 4 .1 .1 ) 

Variation 

Bohr, locations 

Betv. month. 

Remainder 

S S D 

3.7018 

17.6210 

3,674« 

f 

9 

5 

»5 

.* 
0.4113 

3.5242 

0.0817 

T« 

5.03 

43 .14 

P 

> 99.911 

> 99.95* 

• - C.29 

M a « * " 

An.lj.Up of n r i t n m M avnCi RrJM/tai1 pr.rt.HMt«« ~f> 1 * » 

tø»<aU»4.l.l) ! 

f Jwwtm, " ^ • J T f * 'JL 
2M*, •iJUt^ 

S^ '*FJSi?: & i #n * 
>n.nt 

»»i« ni i — m i i m 
'. si-lu *»WI. _J»o« A-MHUå liv ** bi, 

>9».9J* 

http://An.lj.Up
http://pr.rt.HMt��
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fall-out rate was found in May-June, the mean fall-out rate in that period 
being 0.34 mCi Sr-90/km . Tables 4 .1 .2 and 4 .1 .3 show that the variation 
between locations was highly significant. The specific activity for 1969 was 
2. 97 pCi Sr-90/1 at Tylstrup, while only 1. 38 pCi Sr-90/1 was measured at 
Abed. The 1969 mean levels for ten State experimental farms were 1.04 
mCi Sr-90/km and 2.15 pCi Sr-90/1. In Appendix A the country mean level 
(area weighted) is estimated to be 1.4 mCi Sr-90/km lor a mean precipita
tion amount of 600 mm (area weighted), i. e. equal to the fall-out rate in 1968. 

As in 1966-68 precipitation samples were collected with an ion-exchange 
collector at Abed (cf. also 3.2.4). The specific activity was 1. £ pCi Sr-90/1, 
i. e. higher than in table 4 .1 .1 , and it is further evident, as also observed 
in 1 966-68, that the total deposition in the ion-exchange collector is approx. 
1.4 times as large as that in the rain bottles. 

The Sr-89/Sr-90 ratios at the ten stations are shown in table 4.1.4-, By 
the end of the year fresh fall-out began to appear, probably from the Chinese 
test explosion in September 1 969. 

Tlite 4.1,4 

Sr-89/Sr-S0 in fall-oat collected in 1tCS 

Period 

Jas.-Feb. 

Star.-Apr. 

Hay-Jim« 

Joly-Awf. 

Sep.-Oct. 

Now.-Dec 

Tylatntp 

6 . 6 

B.3 

4 .T 

0 . 2 

0 . 3 

StndegSrd 

0 . 7 

1.1 

S . 4 

0 . 3 

0 . 8 

2 . 1 

7 . 4 

2 . 1 

0 

0 . 9 

Aako* 

3 . 5 

7.1 

5 . 2 

1 .4 

0 . 1 

St. Jyn
devad 

13.0 

0 . 3 

1 .2 

0 

0 . 2 

Blenf-
stedgard 

4 . 5 

7 . 7 

4 . 3 

1 . 2 

1 . 0 

TyalofU 

1 . 7 

3. S 

7 . 0 

4 . 2 

• 
1 . 4 

Vlrnm-
«*rd 

4 . 3 

7 . « 

5 . 3 

0 .1 

0 . « 

Abed 

3 . 8 

7 . 8 

«.» 
0 

0 . 3 

Åkirke

by 

8.1 

4 . 8 

5 .1 

0 .1 

1 .3 

» 

4.9±l.0 

7.4±0.3 

4.9±0.S 

0.3±6.2 

o.tto.1 

The error term is the 8. B. of the mean 

T«M« « • » • ! 

mCi Sr-aa/km2 

pClSr-H/ki 

røstnp 

55 I 1 

229 - 2 

Staksbd 

c s t i 

3 0 1 - 5 

Ma") 

40 t l 

us i i 

K i n 

s o t i 

i » i i 

StJjafemd 

70 t 5 

220 - » 

AU4MwmBUlea.wM.Mpl«, left n ) »M.b wtrm aagbto 
•ad "* wUcknanagU. Tk«.rrortomi.tb«S.S. a(tk*n 

http://AU4MwmBUlea.wM.Mpl�
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A comparison between the amounts of precipitation found in the rain 
gauges used by the Danish Meteorological Institute and the amounts collected 
in our rain bottles at the same locations showed that in 1969 our bottles col
lected only 85 per cent of the amount measured In the rain gauges. The dif
ference between the two systems was most pronounced during the winter 
months of January and February, where the percentage was only 68. 

We explain this difference by the fact that our bottles will not collect 
snow very efficiently as contrary to the rain gauges they have no heating 
system for melting of the snow deposited in the funnels. During warm and 
dry periods some evaporatian will occur from our bottles as was the case in 
July-August in 1969. Normally these months are rather wet, but in 1969 
they were dry, and we found in our bottles only 80% of the precipitation 
amounts measured in the rain gauges (which are collected daily, while our 
bottles are collected monthly). As regard the collection of fall-out we can 
eipect this to be considerably better than the 85% measured for the amounts 
of precipitation, firstly because we get the fall-out in the precipitation even 
though the water evaporates, and secondly because the amounts of fall-out 
ars smaller during the winter months than during the remaining part of the 
year, where the collecting efficiency of the bottles i s 100%. 

4 .2 . Soil 

As in the previous years, soil was collected with a view to estimating 
the accumulated fall-out of Sr-90. As previously, the samples were col
lected in September from uncultivated areas (cf. fig. 4.1.1) all over the 
country. 

Table 4.2.1 shows the results from ten State experimental farms. The 
mean value in September 1969 was 50 mCi Sr-90/km . This is somewhat 
lower than the 1968 value. 

Sr-» in Mil coHMtad at ttw stmt« upcriaiaatal fenu fa Stftaptor 1 Mf 

B U ^ ^ 

n t i 

ITS J 6 

T * « . 

34 i l 

110 t 4 

VinrofCrd 

47 t l 

i « i » 

« " ' 

30 i 5 

324 t n 

S U A * , 1 

44 

164 

50 

206 

SD 

U 

64 

SE 

* 
21 

<• (,ur-ri iieiftsU 
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Fig. 4.2. Accumulated Sr-90 fall-out in Danish soil, 1961 -69 (1 S. £. Indicated). 

Table 4.2. 2 

Sr-90 in adl collected in Zaaland in September 1969 

mCi Sr-W/kmS 

pCi Sr-90/kg 

KIM 

44±1 

S99±6 

ReokUde 
FadleS 

50*2 

ist*s 

Ledre
borg 

»9±e 

I2B*C 

Eremi
tagen 

9S*2 

210*6 

Mem 

46 

190 

S.D. 

9 

49 

S.E. 

9 

»9 

Cf. romarks to table 4.2.1 

Table 4 .2 .2 shows the Sr-90 levels at five soil locations in Zealand, 
mainly in the neighbourhood of Bisfi. The levels were also in this case 
lover than the 1968 values. 

4.3. Ground Water 

As in previous years, ground water was collected in March from the 
nine locations selected by L.J. Andersen, M. Sc . , Geological Survey of 
Denmark, in 1981. 

Fig, 4,3 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 1969 was a little higher than in 1967 and 
1968, but hardly significantly different from the*« levels. The highest 
level is still found at Feldbak. Fig. 4 .3 ,2 snows the median levels in 
Danish ground water aince 1 981. It is evident that a liuudmuan occurred in 
1 864-88, undoubtedly ai a re»ult of the 1 961 -62 te»t •«rie». 

i*&±--'-
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Tab!« 4.8. i 

Sr-90 in ground water collected in March 1969 

Location 

HvldBten 

Feldbak 

R#ta« 
Rønne 
Hansel*' 

Firetofte 

Kalundborg 

RavnhoU 

Fredericia 

Mean 

Median 

pCi Sr-90/1 

0.0049 

0.38 

0 .011 
0.039 
0.0076 

0.0043 

0.017 

0.022 

0.042 

0.059 

0.017 

pCi Sr-90 /g Ca 

0.066 

1 7 . 2 

0 .32 
2 .26 

0.049 

0.034 

0 .171 

0.172 

0 .50 

-
0.17 

g C a / 1 

0.075 

0.022 

l \ 0 3 5 
•>.017 
0.156 

0.125 

0 .100 

0.128 

0.084 

0.082 

0 .084 

0.04 

003 

0.02 

001 

pCi Sr-90/l 

O 

O 

0 

» 
o 

o 

e 

o 

61 62 63 64 65 66 67 68 69 
Fig. 4.3.2. Median terete in Danteh (round water, 1 »61 -69. 
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5. RADIOSTRONTIUM AND BADIOCAESIUM IN DANISH FOOD IN 1 969 

5.1. Sr-90 and Cs-137 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-1 37. 

J r i i 
Tif. %. 1. I , Dri*d-»Uk bctcrtM la D « m « l 

i . : ' J j i i t ; i rLB ' . i - ^» ,^ J i •,. j 
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Table S. 1.1 

pCi Sr-90/g C» in Denial, dried xnllfc in 19C9 

Åbenrå Odense 

'. The error term i* the S. E. ottbtD 
k produced to 1 SM n i 1.8 pQi/L 

. AM 1 litre of ndlk -»MTW"-

Analysis of* :e of In pCi Sr-90/g Ca in dried milk in 1969 

{from table 5 .1 .1 ) 

Variation 

Betw. locations 

Betw. month« 

Location* z montbe 

Remainder 

* - 0 .17 

SSD 

8.1451 

1.5711 

1.3588 

0.1990 

f 

6 

11 

61 

7 

.' 
1.3575 

0.1128 

0.0223 

0.0204 

v 2 

60.87 

6.40 

0.78 

P 

>99 .95* 

>99.95S« 

-

Table 5.1. t shows the remits of the Sr-90 determinations and table 
5.1.2 toe analysis of variance of the results. The maximum of the year was 
reached by 8.7 S.U. in Marcdi-April. TheS.U. mean level in 19E9 was 7. 2 
pCi Sr-90/g Ca or approx. 8S% of the 1968 mean. 

As in the previous years, the milk from eastern Denmark shows signif
icantly lower levels than that from Jutland. 

fajftlifm-. 
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pCiSr-90/gCa 

I 2 3 4 ' t 2 3 4 * 1 2 3 4 1 2 3 4 * 1 2 3 4 ' 1 2 3 4* 1 2 3 4 
1963 1964 1965 1966 1967 1968 1969 

4 1 2 3 4 1 2 3 4 1 2 3 4 
1960 1961 1962 

Fig. 5 .1 .2 . Sr-90 in dried milk, 1959-69. 

Ttfde 8.1.3 

pCi Cs-137/g K In Danish dried milk in 1989 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

Mar 

June 

Julj 

Aug. 

Sep, 

Oct. 

NOT. 

Dee. 

M M . 

A. J too 
at l toCi / l . 

HJtJrriiig 

19.B 

8 . 7 

B .3 

9 . 3 

10.1 

16.0 

17.9 

18.S 

12.4 

11.4 

8 . 4 

11.9 

18*7 

Axtus 

16.4 

9 . 5 

8 . 3 

7 . 0 

7 . 5 

10.7 

12.3 

17.0 

13.6 

6 . 8 

5 . 4 

6 . 7 

» . Z 

! 

Videbttk 

27.6 

9 . 5 

9 . 4 

10.6 

12.0 

L6.7 

19.3 

21.4 

18.2 

7 . 9 

5 . 6 

9 . 7 

14.0 

<*«f*-*" 

Abnri 

9 . 6 

14.0 

10.6 

10.0 

12,9 

13.8 

23.0 

( iB.2): 

(13.4) 

(7.B) 

(7.9) 

(0,9) 

CM.;) 

«-» 
5 . 9 

5 . 7 

10.3 

7 . 0 

11.6 

10.2 

14.8 

6 . 2 

7 . 8 

3 . 7 

i».5 

6 . 0 

• « J 

Ringated 

4 . 6 

3 . 3 

4 . 3 

5 . 9 

7 . n 

8 . 0 

6 . 4 

4 . 6 

5 . 5 

2 . 6 

3 . 9 

4 . 1 

. - • » • • 

LoIland-FalaUr 
Hem 

5 . 3 

7 . 4 

4 . 3 

4 . 1 

4 . 5 

5 . 1 

12.6 

4 . 7 

5 . 0 

3 . 9 

4 . 9 

2 . « 

»•* . 

HNn | 

12.7 

8 . 3 

7 . 9 

7 . 7 

9 . 4 

11.5 

15.2 

W . 9 

10.6 

.*•» 
5 . 9 

T . l 

9 . 7 

»•P. cm-jm *~tm » m**\ mm m*m n fsmmmmfm*" 

—. .w— 1 . J ^ . ^ - i w < - ^ , , i ^ > 4 .-, ,fr t i . . - , , 1 
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Analysis of variance of In IC. U. in Daniifh dried milk in 19C9 
(from able 5.1.1) 

Variation 

Betw. locations 

Betw. months 

Remainder 

SSD 

120.1764 

58.2076 

43.1874 

f 

6 

11 

61 

.» 
20.0294 

5.2916 

0 .7080 

vS 

28.29 

7.47 

P 

>99 .95* 

>99.95fi 

i) • 1.03 

Table 5.1.3 shows the results of the Cs-137 determinations and table 

5.1.4 the analysis of variance of the results . As in the previous years , the 

maximum level of Cs-137 (15.2 M. U., approx. two thirds of the maximum 

of 1 968) was found in milk from the summer (July). The M. U. mean level 

in 1 969 was 9. 7 pCi Cs-137/g K or 85% of the Cs-137 mean content found in 

1968. 

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). 

SOipCiCs-137/gK 

100 

50-
<0 
30 
20 
10 1,1.11,1.1 JHJ h i ni . . i l i i . . . 

4 12 3 « 1 2 3 * 1 2 3 * 1 2 3 . 1 2 3 * 1 2 3 * 1 2 3 * 1 2 3 . 1 2 3 » ' 1 2 3 * ' 
MO MO ' M l 862 1963 So* 1985 B66 « 7 1968 1969 

* i | . 5.1.3. Cs-117 In dried milk, l»59-M. 

5.2. Sr-90 and Cs-1 37 in Fresh Milk from the Entire Country 

The samples of fresh milk were collected in the eight zones and in 
Copenhagen a« in previous years (cf. fig*. 5.2.1 and 5.2.2) in connection 
with the bread and total-diet collection (cf. 5.7). 
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Fig. 5.2.1. Sa»pl*l«aticM<w<r*ab nil*, h n * M l total rølA-tma). 
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Table 5.2.1 

Sr-90 and C>-137 in trash milk ID IK9 

Zone 

I: N. Jutland 

II: E. Jutland 

HI: W. Jutland 

IV: S. Jutland 

VI: Zealand 

VD: Lolland-Falster 

VHfe Bornholm 

Mean 

Copenhagen 

Population-weighted mean 

Production-weighted mean 

June 

pCiSr-M/gCa 

7.6 - 0.1 

8.3 i 0.1 

8.2 

9.1 t 0.3 

5.2 

+.6 ± 0.5 

5.4 i 0.1 

4.9 i 0.5 

( . 7 

6.1 i 0.5 

6 . 7 

7 . 4 

pCl Cs-137/g K 

12.6 

15.2 

7.5 

e.e 

9.5 

9.6 

8.4 

5.8 

9 . 7 

11.7 

11.1 

11.2 

pCi Cs-131/1 

20.6 

24.3 

12.6 

13.7 

14.6 

15.4 

14.1 

9.3 

15.6 

IB. 2 

17.7 

1B.0 

December 

pCi Sr-90/g Ca 

6.B 

6.3 

7.4 

B.7 

4.3 

3.7 

3.4 

4.6 

5 . 6 

5 . 5 

5 . 7 

6 . 3 

pacs-m/cK 

5.4 

5.1 

7.1 

3.6 

5.7 

4.2 

4.0 

4.7 

5 . 2 

4 . 9 

5 . 2 

6 . 0 

pa CB-IST/I 

8*7 

7.9 

11.9 

9.2 

9.1 

6.9 

6.3 

7.5 

8 . « 

7 . 6 

8 . « 

e.9 

Table 5. 2.1 shows the results of the determinations of radiostronlium 
and Cs-137 in consumer milk. 

The production-weighted means for Sr-90 and Cs-1 37 in Danish con
sumer milk in 1 969 were 6. 9 S. U. (~ 8. 2 pCi Sr-90/1) and 8.6 M. U. or 1 3. S 
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. 

If the figures in table 5.2.1 are weighted with respect to the population, 
the country means become 6. 0 S. U. and 13 pCi Cs-137/1, i. e. approx. 90% 
of the production-weighted means. • * 

5.3. Sr-BO and Cs-137 in Grain from the Entire Country 

As in the previous years, grain samples were obtained from ten Stats 
experimental farms (cf. fig, 4.1.1) Virumgard bas been replaced by l^*re-
borg. Sr-90 was determined as previously £U#$ Report »0, $3 % b#jU,, 
Ce-1 37 .was measured on ashed samples by Y-spectrometry en. ape^djBjjctpr. 

J, .1 ,'i.'JP'.< '>.-!» W - i ^ i l l M U t J 
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ttMt 5.3.1 

Sr-MlaDttstahgrala tal«** 

1>1« trup 

S ted t f l rd 

Ø*am 

JUkov 

St. Jjmd«nd 

• l U f i t e d f i T i 

TyatofU 

Ladroborf 

AtMd 

Åklrfctfqr 

H M . 

Rye 

p C i S r - M 

29±4 

[!43±2 

19^0 

1(35*2 

t«55*2 

-
-
-
-

20±0 

36 

S.Ø. 

T 4 t l 

S : 9<£o 

6 i ± 2 

¥ i 8 1 ± 5 

3 t l 2 3 ± 4 

-
-
-
-
" 

57^5 

89 

B i r l t j 

p C i S » W 
P « r * l 

32-1 

5<£o 

19^2 

29^1 

B9-1 

l l l 2 

vsuUt 

S : 1 3 ± l 

27±0 

1 2 t 2 

i 3 i i 

28 

5 . 0 . 

U ± 4 

120*5 

4 o i 3 

69±2 

2 1 2 - 1 

19*0 

W:30io 

S:32±0 

57*1 

2 6 - 4 

35*2 

64 

WbMt 

p C i S r - M 
M T kg 

-
74*5 

¥ : 1 9 * 0 

3 : 2 0 * 0 

¥ i 5 2 * 0 

3 : 7 2 * 2 

-
-

V:18*3 

3 : 2 1 * 0 

¥ i 2 3 * 7 

3 :21*6 

¥ : 1 0 * 1 

3 . 7*1 

¥ : 2 8 - 2 

3 : 3 8 * 1 

3 1 

S .U . 

-
200*2 

W:54*2 

3 : 6 2 - 4 

¥> 155*2 

3 : 1 5 1 - 1 

-
-

¥ i 4 0 * 6 

S i 4 2 * 0 

¥ . 6 2 * 9 

3 : 6 3 * 7 

¥»ZH*2 

S i 1 9 - 1 

» :76*4 

3 i 8 7 - l 

8 0 

O e * 

*"»; s-»-
»t« 

5 5 t 3 

3 7 t l 

j s i a 

l M t < 

17*3 

39*13 

2 l ! l 

ufe 

21±0 

3 9 

4éU 

7.=.-

38*1 

46*3 

153*11 

19*1 

41*1« 

22*1 

14*2 

26*0 

48 

wj winter variety, • : epriiig varietr . The u r o r K r m la the 8 . E- e f the a u u of doable deUfiniirttiaBa 

Table 5 . 3 . 2 

Analgia of variance of In S. U. in grain In 1969 
(from table 5.8.1) 

Variation 

Betw. spe&ea 

Betw. locatloiu 

Spec, x locationa 

Remainder 

SSD 

5.5134 

27.8590 

2 .7463 

1.2068 

f 

3 

9 

19 

50 

a 2 

1.8378 

3.0932 

0.1445 

0.0241 

„2 

12.72 

21 .41 

5.99 

P 

>99.95» 

>99.95»S 

>99.95J« 

, - 0 .16 

The main effect« were teeted agalnct the interaction. 

Table 5.3.1 shows the measurements of strontium-90 in grain in 1968. 
According to Appendix B, approx. 2/3 of all rye in Denmark is grown 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 S. 3.1 and 5.3.4 Jutland is represented by six rye figures 
and five wheat figures, while eastern Denmark contributes eight wheat 
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figures and one rye figure. Thus the means for rye and wheat in tables 
5.3.1 and 5. 3.4 are probably a little higher than the production-weighted 
means for the cuumry. Table 5.3.2 gives the analysis of variance of the 
S. U. figures and table 5 .3 .3 that of the pCi Sr-90/kg grain figures. 

iance of In pCi Sr-M/kg grain in 1969 

( f r e B l n b l . 5 . 3 . 1 ) 

Variation 

Bat*, species 

B e t . , locations 

Loc. X species 

Remainder 

SSD 

1.5398 

26.4391 

3.5647 

2.03J3 

f 

5 

9 

19 

50 

.» 
0.5133 

2.9376 

0.1876 

0.0407 

v 2 

2 .74 

15.66 

4 .61 

P 

>W* 

>99-95JI 

>99.95X 

a = 0.20 

Table 5.3.1 shows that the variation in S. U. between species was sig
nificant. Wheat showed the highest S. U. levels and oats the lowest. The 
pCi Sr-90/kg figures did not show any significant difference between species. 

As in previous years, the variation with location was highly significant; 
the mean pCi Sr-90/Jsg level for grain from Jutland was approz. 2.4 times 
that in eastern Denmark. 

Ca-miiiDulafcfndii i i l M . 

Tjltnp 

StUnaW^shTsl 

ØttaD 

Aå*OT 

St. .I^ndvrad 

B l a n ^ t M l f l n l 

TjmttOtm 

Ladnbor« 

A M 

luw, 
H**M 

Rye 

pCtCs- lSI /kf 

SS 

• : 93 

4T 

• : U 

-
-
-
-
* 

' ' *ir 

M . 0 . 

13.1 

ws t t . T 
• : IS .2 

13 .2 

w.10.* 
• : 1S.9 

-
-
-
-

, -
M 

B u l a j 

pCICs-137/kf 

1« 

n 

37 

4S 

ST 

r » 
W.97 

41 

m 

ir • 

1 L U . 

1.7 

%.% 
S.0 

•7 .1 

10.2 

4 . S 

«.• 

* 7 

•.» 

Whtat 

p C K * - I 9 T / k g 

-
4« 

» : 29 

w: 71 
<: M 

-
-

•t at 
W a l t 

">•*§ -
ft, • • « # ) • . 

I C O . 

-
I S . 9 

« ; 7 . 1 

w r l i . 3 

> , , • -

*?;* 
R M 

"fff 
gjjsfcfs 

Oats 

racm-in/u 

S I 

M 

IT 

« 
49 

. » 
f 

,m.;.,.;. 

. «+• 
•^ s ^ f * * ' ! 1 * . 

w: r t » r i r W ; r < 4 * % ^ ' ' , • • ? - •• * •»"•< 'f ' 

H . D . 

8.1 

:• 
7.9 

9.7 

•4 .1 

9.7 

, , 4 . 9 

. s,» 

4.9 

'*4,» 

i i i i 
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Table S. 3. S 

Analysis of variance of In pCi Cs-1 37/g K in grain in 1969 

(from table 5 .3 .4 ) 

Variation 

Betw. species 

Betw. locations 

Spec, x locations 

Remainder 

SSD 

1.6944 

2.5194 

2.0267 

0.5124 

f 

3 

9 

19 

9 

.» 
0.5648 

0.2799 

0.1067 

0.0569 

»» 
9.93 

4.92 

1.87 

P 

>99 .5* 

>97.5X 

-

, • 0 .24 

Table 5. 3. 6 

Analysis of variance of In pCi CB-1 37/kg grain in 1969 

(from table 5 .3 .4 ) 

Variation 

Betw. species 

Betw. locations 

Spec x locations 

Remainder 

SSD 

1.2234 

2.5215 

1.8920 

0.2911 

f 

3 

9 

19 

9 

a 2 

0.4076 

0.2B02 

0.0995 

0.0323 

,2 

12.63 

6.67 

3.OB 

P 

>99 .5* 

>99.5Sl 

>95!« 

n - 0 .18 

Table 5.3.4 shows the measurements of Cs-137 in grain in 1 969, 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 be
tween locations was significant. The Cs-137 content in grain from Jutland 
was on the average approx. 1. 5 (pCi/kg figures) times as high as the grain 
level in eastern Denmark. The variation between species was highly signif
icant. Rye contained as previously approx. twice as much Cs-137 as the 
other grain species. 

If the S. U. levels in grain from the harvest of 1 969 are compared with 
the levels from 1 968 ', we find the 1969 figures to be smaller by a factor 
of approx. 1.5. 

The Cs-137 content in grain from the 1969 harvest was on the average 
lower by a factor of 1.7 than that in 1968. The fall-out rate in May-August 
1968 was 1.4 times that in May.August 1969. (The period May-August was 
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selected because experiments have shown ' that the contamination 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. 

In Appendix C is shown a comparison between observed and predicted 
Sr-90 and Cs-1 37 levels in 1 969. It is evident that the predicted levels for 
grain were higher than those observed. The observed values were for Sr-90 
three fourths of those predicted and for Cs-137 two thirds. 

The 1 969 summer wad relatively dry. The total amount of precipitation 
in July-August was 96 mm, i. e. two thirds of the normal amount, which is 
146 mm. For the prediction of Sr-90 in grain we use the total Sr-90 fall-out 
in July-August, and for Cs-1 37 we use the fall-out in the four-month period 
May-August. In 1 969 the harvest was earlier than usual, and 45 mm pre
cipitation fell after the harvest date, which was a considerable fraction of 
the total fall-out in that summer. If this had been taken into account in our 
prediction equations, the agreement between observed and predicted levels 
in grain would have been markedly improved. 

The mean ratio between pCi Cs-1 37/kg rye and pCi Sr-90/kg rye was 
1. 6, while the Cs-1 37/Sr-90 ratio for barley, wheat and oats was 1.2. This 
is in agreement with earlier observations and with the theory that rye depends 
more on direct contamination than the other cereals, for which the soil up
take of Sr-90 now plays a dominant role. 

Table 5 .3 .7 

mg Sr/g Ca in grain collected In 1969 

Tylstrup 

Studsgård 

Ødum 

Askov 

St. Jyndevad 

Blangstedglrd 

lystofte 

Ledreborg 

Abed 

Åkirkeby 

Rye 
Winter 
variety 

0 .8 

3 . 1 

3 . 0 

2 . 9 

1 .9 

Spring 

• . 0 

3 . 0 

Barley 
Winter 
variety 

2 . 0 

Spring 
varietj 

1.2 

2 . 0 

3 .0 

2 . 3 

5 .8 

4 .1 

0.« 

2.S 

6.7 

2.4 

Wheat 

Winter 
variety 

7 .6 

4 .1 

3 .9 

1.6 

2 .3 

5 .0 

2 .4 

Spring 
variety 

4 .2 

3 . 5 

3 . 0 

3 . 5 

5 .0 

2 . 1 

Oats 
Spring 
variety 

2.6 

1.4 

3 . 1 

2 . 0 

3 .4 

3 .9 

0 .« 

2 . 0 

2 .1 

0 .4 
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TabltS.8 .6 

Awlyei« of variant« of In mg Sr/g Ca in grain in 1969 
(from table S. 3.7) 

Variation 

Betw. apecies 

Betw. locations 

Spec, x location* 

Remainder 

ssn 

2.9347 

7.6886 

4.0204 

1.0994 

f 

3 

9 

19 

9 

.* 
0.3782 

0.8543 

0.2116 

0.1221 

,2 

8.01 

7.00 

1.73 

P 

>99.5S< 

>9S.5< 

1 - 0.36 

Table 5. 3. 7 shows the stable-strontium content in grain in relation to 

the calcium content, and table 5. 3. 8 i s an analysis of variance of the figures. 

As previously , wheat contained significantly more stable strontium per g 

Ca than the other spec ies , and Studsgård showed higher figures than the 

eastern locations. 

5 . 4 . Sr-90 and Cs-137 in Bread from the Entire-Country 

In 1 969, samples of white bread (75% extraction) and dark rye bread 

(1 00% extraction) were collected as previously all over the country in June 

and December (in both A and B towns, cf. f igs , 5. 2.1 and 5 . 2 . 2). The 

samples were combined into eight zone samples and a sample from Copen

hagen, and Sr-90 and Cs-137 were determined. The Cs-137 determinations 

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 resul ts . In figs. 5 .4 .1 and 5 .4 . 2 a 

comparison with grain levels i s made for the years 1962-1 969. It i s a s 

sumed that the bread consumed in the first nine months of the i year has 

been made of grain from the harvest in the ( i -1) year, while the bread 

consumed in the last three months has come from the harvest in the i year. 

Further i t i s assumed that 1 kg flour yields approx. 1.35 kg bread ' and 

that wheat flour of 75% extraction contains 20% of the Sr-90 and 50% of the 

Cs-137 found in wheat grain . 

F igs . 5 .4 .1 and 5 . 4 . 2 show that the Sr-90 and Cs-137 leve ls in bread 

were in reasonable agreement with those in grain according to the above-

mentioned model. 

On comparison of the bread leve ls in Jutland with those in eastern Den

mark i t appeared that the Sr-90 and Cs-137 leve ls in rye bread in Jutland 
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were approx. 1.5 times those in eastern Denmark, whereas Sr-9fl 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). 

Zone 

I: 

U: 

m: 

IV: 

V: 

VI: 

vn: 

vm: 

X. Jutland 

E. Jutland 

W. Jutland 

8. Jutland 

Zealand 

Lolland-Falster 

Bornbolm 

HMD 

Copenhagen 

Bopalatloa-wel^rted mean 

Relativ« analytical error 

Sr -9 t in Daman bread in 1969 

J u n . 

Whit« bread 

PCi/k, 

8 .5*2-5 

10 .1*2 .7 

7 .8-1 .G 

6 .7*1 .5 

7.2*0.A 

5 ,4*0 .4 

9 . 4 * 1 . 1 

9 . 3 * 2 . 0 

6 . 0 

7 .6*1 .5 

7 . 8 

0 . 3 1 

S .U . 

4 . 7 * 1 . 4 

4 .4*1 .2 

4.0*0.f l 

3 -1*0 .7 

3 .2*0 .1 

2 .3*0 .2 

4 .5*0 .7 

4 . 1 * 0 . 9 

3 . 8 

3 . 3 * 0 . 7 

3 . 6 

0 .32 

Rye broad 

pCi/kg 

26*2 

33*8 

38*1 

36*2 

26*2 

21*1 

28*3 

20*2 

29 

19*1 

27 

O.09 

S.U. 

8 .7*0 .5 

11.6*0.B 

7 . 8 * 0 . 6 

7 . 1 * 0 . 4 

8 . 1 * 1 . 0 ' 

£ .5*1 .2 

9 . 0 

7 .3*0 .5 

8 . 8 

0 .12 

December 

Whit« bread 

PCi/kg 

9 . 6 * 0 . 7 

9 .B*1.2 

6 .9*1 .2 

6 .8*0 .5 

6 .5*0 .3 

7 . 5 * 0 . 7 

7 . 7 

6 . 0 * 0 . 1 

7 .2 

0 .14 

S.U. 

4 . 7 * 0 . 4 

4 .2*0 .7 

5 . 8 * 0 . 8 

3 . 2 * 0 . 4 

3 . 8 * 0 . ? 

3 . 9 * 0 . 2 

3 . 1 * 0 . 2 

4 . 1 

2 . 3 * 0 . 1 

3 . 6 

0 .16 

Bye bread 

pCf/hf 

>3 

33 

29 

33 

i 9 

i « 

17 

IS 

25 

23 

25 

" 

S.O. 

1 0 . 4 

8 .2 

9-6 

11.6 

6 .9 

4 .7 

5.3 

5.3 

7 . 8 

7 . 7 

7 . 9 

" 

Table 5.4.2 

Zone 

I: K. Jutland 

Q. x , Jutland 

m : W. Jutland 

IV: 8 . Jutland 

V; Punas 

VI: Zealand 

VH; Lol land-Pat ter 

TOBmhalm 

M*BB 

Capanaifan 

" * « * — 

Cs-13 7 in Danish braad in 1 MB 

Jun« 

Whit* bread 

p c t / k f 

2 0 . 4 

19 .7 

1 7 . 0 

H.7 

1 7 . 1 

1 4 . 0 

1 7 . 3 

1B.7 

17,4 

. . j i f f 

15 .7 

M.U. 

13 .6 

1 4 . 1 

12 .5 

1 1 . 3 

11 .7 

1 2 . 9 

1 3 . 3 

1 3 . 8 

1 3 . 0 

8 . « 

1 1 . 9 

Rye bread 

p c i / k f 

94 

54 • 

64 

49 

57 

57 

35 

34 

56 

» 
54 

U.V. 

31 

17 

23 

17 

19 

19 

14 

10 

19 

M 

IS 

December 

White brand 

p a / 1 « 

10.G 

11 .6 

10 .3 

9 .3 

10 .3 

10 .5 

1 0 . 9 

1 0 . 9 

W.« 

*tf'" 
1 1 . 0 

M.U. 

6 . 6 

7 . 6 

8 . 0 

6 . 7 

7 . 8 

7 . 9 

8 . 0 

7 . 9 

-?**: 

v» 
T.7 

Rye bread 

PCI/kg 

64 

32 

30 

64 

37 

42 

33 

W 

• *€Vi-

5« 

4 « 

M.V. 

1B.4 

6 . 8 

S.2 

20 .5 

1 0 . 0 

11 .2 

*o.e 

s.» 

U . 6 

10.4 

11.2 
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Fig. 5 . 4 . 1 . Comparison of Sr-90 levels in bread and grain, 1962-69. 
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5 . 5 . Sr-90 and Cs-137 in Potatoes from the Entire Country 

The samples of potatoes were collected in September from nine of the 

State experimental farms (cf. fig. 4 . 1 . 1 ) and analysed for Sr-90 and Cs-137 

(^-spectroscopy of bulked samples of the ash). 

Table 5 .5 .1 shows the Sr-90 and Cs-1 37 contents in potatoes. The mean 

contents for the country were 3. 9 pCi Sr-90/kg or 80 S. U. and 7.1 pCi C s -

1 37/kg or 1.5 M. U. The Sr-90 levels were approx. 1. 2 t imes as high for 

Jutland aB for eastern Denmark, and the Cs-1 37 levels were 1.8 t imes as high. 

The mean of the Cs-1 37/Sr-90 ratios (pCi/kg figures) was 1. 8 (in 1 968: 

2 .6 , in 1967: 2 . 1 , in 1 966: 2. 6, in 1 965: 6, and in 1 964: 9). 

Tables. 5.1 

Sr-90 and Cs-137 in Danish potatoes in 1969 

Tylstrup 

Studsg&rd 

Ødum 

Askov 

St. Jyndevad 

Tystotto 

Ledreborg 

Abed 

ÅUrkeby 

Mean 

pCiSr-90/kg 

2.8 * 0 .1 

3.3 - 0.3 

1.9 - 0 .1 

5.3 * 0 .1 

6.« * 0.5 

4.6 t 0.4 

3 .3 - 0.2 

3.5 * 0.1 

3.6 * 0 .1 

3.9 

S.U. 

94*3 

69-20 

»6*1 

108*6 

140*13 

*7*4 

64*4 

39*1 

113*5 

so 

pCiCa-137/kg 

"s 

< 

> 

'* 9 .2 

L 5.0 

7.1 

Tbe error tarm Is tfae S. E. at donbis dstsnninattotis. 

M.U. 

1.9 

1.0 

1.5 

pCI Sr-90/kg 

: > ' . • - . . . . -^3 
Nf. <••. Sr-00 levels to r»»u* potatoes l»»^» (I t i . isdleeted). 
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5. 6. Sr-90 and Cs-137 in Vegetables and Fruits from the Entire Country 

In 1969 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 in September, cabbages and apples 
in December, and a few samples of peas and gooseberries were collected 
in June. 

The Y -measurements were performed on bulked ash samples i wpre-
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. The highest 
Sr-90 levels (pCi/kg) were found in onion, the lowest in apple. 

Table 3 . 6 . 1 

Sr -90 in vafVtablee and fruit* in 196* 

Z O M 

I: N-JnOand 

m E-Jntland 

Uh W-Jutland 

IV: S-JnUmnd 

V: Frøen 

VI: Zealand 

VU* Lolland-FalBtar 

VUL Bornholm 

Mean 

Copenhagen 

Population-weighted 
mean 

Relativ* analytical error 

Cmbbi 

pCt/a* 

i l i a 

10*4 

11*4 

7*1 

l A 
9*4 

8*3 

7*1 

10 

16 

12 

40ji 

«• 
S.D. 

21*4 

1B±7 

I B * 4 

11*1 

22*2 

15*7 

i i * 4 

13*4 

16 

15 

17 

40* 

Carrot 

pCi/kg 

29*0 

19*3 

14*1 

11*2 

1**4 

28*2 

10*2 

12*0 

17 

12*4 

18 

1B>( 

S.U. 

111*22 

69*21 

41*3 

3B±6 

55*14 

90*6 

32*10 

36*1 

59 

40*10 

61 

3«S 

Onion 

Vdfkg 

40*3 

42*1 

10*2 

15*1 

1«*1 

16*2 

16*2 

20*3 

22 

20*1 

25 

13* 

s.u. 
108*9 

109*9 

20*2 

42*3 

46*3 

36*5 

35*5 

55*7 

57 

55*1 

61 

15!* 

AppI« 

pCI/kg 

0 . 5 7 

0 . 8 6 

2 . 2 4 

1.6B 

0 .82 

0 . 6 9 

1 .38 

1 .12 

1.17 

1 .54 

1.22 

-

S.U. 

12 

11 

29 

30 

15 

18 

19 

46 

23 

36 

24 

-

Table 5 .6 .2 

Analysis of variance of In pCi Sr-90/kg in vegetables and fruit« in 1969 

(from table 5.6.1) 

Variation 

Bttir, apedM 

Betv. locations 

Spec, xlocationa 

Hamaindor 

SSD 

49.7376 

2.2S74 

5.8653 

2.2618 

t 

3 

7 

21 

24 

•2 

16.5792 

0.3267 

0.2793 

0.0942 

v 2 

59.35 

1.17 

2.96 

P 

>99.95* 

-
>99* 

i, - n .3 i 
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Table 5.6.3 

Analysis of varlanc« of In S. U. in vegetables and fruits in 1969 
(from table 5.6.1) 

Variation 

Betw. species 

Betw. locations 

Spec, xlocatious 

Remainder 

SSD 

17.4156 

3.4061 

7.0632 

2.3199 

f 

3 

7 

21 

24 

a3 

5.BOF2 

0.4865 

0.3363 

0.0967 

v2 

17.26 

1.45 

3.43 

P 

>99.95j» 

-
>99.5 

H =• 0.32 

Table 5.6.4 

Cs-137 in vegetables and fruits la T 969 

pCi/kg 

pCi/gK 

Cabbage 

5.3 - 1.0 

2 .1 - 0.4 

Carrot 

4.5 

2.1 

Qiion 

S.2 

• .7 

Apple 

12 

10 

Pea 

7.4 

2.2 

Goose
berry 

6.7 

3.2 

Table 5.6.5 

Calculated Sr-90 and Ca-137 mean levels in vegetables in 1969 

Daily 
intake 
i n g 

50 

30 

40 

120 

Species 

Leafy vegetables (cabbage) 

Root vegetables (carrot, onion) 

Pea (and bean) 

Vegetable total 

pCi Sr-90 
per kg 

12 

20 

9 

13 

S.U. 

17 

61 

33 

33 

pCiCs-137 
per kg 

5.3 

6.8 

7.4 

6.4 

M.U. 

2.1 

3.4 

2.2 

2.5 

fea ami fasan war* calculated as tbe mess of 9 pea samples collected in 

zones VI and VIII and in Copenhagen, 

Table 5. 6. 5 shows a calculation of the mean contents of Sr-90 and Cs-
1 37 in Danish vegetables collected in 1969. The levels were the population-
weighted means calculated in tables 5.6.1 - 5.6.4. 

The 1 969 levels in Danish fruit were calculated from apple and from 
gooseberry (10.8 pCi Sr- 90/kg, 34 S. U., 6.7 pCi Cs-137, 3.2 M. U.). 
Apples got a weight factor of 85 and gooseberries one of 1S, and the mean 
levels in fruit were thus 2.6 pCi Sr-90/kg and 11. 2 Cs-137/kg. 

The 1969 Sr-90 and Cs-137 levels in vegetable« and fruit* ware sot 
different from the 1968 levels, (cf. also Appendix C), S 
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5. 7. Sr-90 and Cs-1 37 in Total Diet from the Entire Country 

In 1 969 total-food samples representing an average Danish diet ac
cording to Hoff-Jørgensen (cf. Appendix B in RisO Report No. 63 ') were 
collected according to the principles followed in 1 961 -1 968. As previously, 
two groups of towns (A and B, cf. figs. 5. 2.1 and 5. 2. 2) supplied the 
samples. 

Tables 5. 7.1 and 5. 7. 2 show the results. The population-weighted 
mean levels were 9. 9 S. U. and 21 pCi Cs-1 37/day in June and 7. 2 S. U. 

Table 5.7.1 

Sr-fiO and C-137 In total Dania, diet coUacted In June 1969 

Zone 

I: N-Jutland 

D: E-Jutlnnd 

III: W-JutUnd 

IV: S-Jntland 

V: Foneu 

VI: Zealand 

VH: Lollond-Falater 

VHI: Bornholm 

M«an 

Copenhagen 

Fvpuktion-weighted 
mean 

KelatlT« error doe to 
»•iwpUng and ana ly la 

pCi Sr -90 /g C» 

10 .7 - 2 . 1 

11.5 - 0 .5 

11 .6 - 0 .5 

10 .2 - 1 .0 

9 .5 - 0 . 1 

B.B - 0 . 1 

7 . 1 - 0 . 1 

8 . 4 - 0 . 4 

9 .7 

B.B - 0 . 1 

9 . 9 

1 3 * 

pCi Sr-BO/day 

1B.1 t 3 . 4 

2 1 . 6 - 1.5 

2 0 . 1 ~ 1 .7 

17 .5 - 1 .6 

2 0 . 8 * 2 . 8 

1 7 . 0 - 0 . 1 

1 2 . 8 t 0 . 8 

1 4 . 9 - 0 , 9 

17 .9 

1 6 . 4 - 0 .2 

IB .3 

15* 

gen/day 

1 .71 - 0 .02 

1 .89 - 0 .06 

1.73 - 0 .07 

1 .71 - 0 . 01 

2 .17 - 0 .26 

1.95 - 0 .03 

1 .80 - 0 . 1 0 

1.78 - 0 .04 

1.84 

1.87 - 0 . 01 

1.87 

Bf 

p C l C e - I 3 7 / g K 

8 . 4 - 0 . 1 

8 . 6 - 0 .2 

9 . 8 i 0 ,3 

1 0 . 1 - 1 .0 

9 .3 - 0 . 3 

6 .5 - 0.5 

8 . 7 - 0 .4 

4 .6 - 0 .2 

8 .3 

7 .6 

7 .3 

8 * 

pCiCa-137/dny 

29 i l 

33 - I 

32 i 2 

35 i 2 

36 - 1 

19 - 1 

27 i 3 

16 t 1 

28 

25 

21 

8ji 

Table S. 7.2 

Sr-90 and Ce-197 in DeMah total diet collected in December 1999 

Zone 

I: H-Jutland 

II: E-Jotbwd 

ID; W-Jutlanti 

IV: S-Jutland 

V: Funen 

VI: Zealand 

VII: Lollend-Faleter 

VUJ. Bornholm 

Mean 

Copenhagen 

Popntallon-weiffMeg 

B e U t t n n w d n to 
e—al lng end anafreja 

pCi Sr-90 /g C* 

9 .6 - 0 . 8 

fi.5 - 0 . 4 

9 .4 - 0 .4 

9 .2 - 1 .5 

6.2 - 1 .0 

5 .7 - 0 .6 

5 .6 i 0 . 7 

5 .6 t 0 . 7 

T.5 

5 . 4 - 0 . 8 

7 .2 

1 6 * 

pCi Sr-90/day 

1 6 . 0 - 0 . 6 

14 .7 - 0 . 9 

15 .2 - 0 .2 

14 .3 - 1 .3 

10 .4 * 1 .4 

9.2 - 0.B 

9 .2 - 1 .4 

9 .7 - 1 .2 

1 2 . 3 

1 1 . 4 - l . B 

1 2 .6 

1 2 * 

g Ca/day 

1.6B i 0 .06 

1.73 - 0 .02 

1 .64 - 0 .07 

1 ,56 i 0 .09 

1 .70 - 0.06 

1.62 i 0 .01 

1 .69 i 9 . 0 0 

1 .73 - 0 . 0 0 

1.67 

2 . 1 0 - 0 . 0 1 

1 .79 

5 * 

p C l C B - 1 3 7 / g K 

6 .5 - 1 .5 

7 .4 - 0 . 1 

7 .3 - 0 . 8 

6 .9 - 0 .5 

5.B - 0 .6 

6 . 0 - 0 . 4 

5 . 4 * 1 . 0 

5.6 - 0 .9 

6 . 3 

7 . 4 

6 . 9 

1 9 * 

PC1C»-137/day 

2 6 - 6 

2 9 - 1 

28 i 3 

27 i 2 

2 2 - 2 

22 J 2 

20 1 3 

22 - 4 

25 

39 

2 6 . 5 

UK 

j j j g j i l g ^ ^ ^ ^ ^ ^ ^ i l l j y , 
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4 5 pCiSr-90/gCa 

40 

35 

25 

20 

15 

10 

Ji 

III" k '. 

mm%i%imi\ IXi 
Fifi. 5 .7 .1 . pCi Sr-90/g C* in Danish total dirt, 1961-69. 

400 

300 

200 

100-
80 

" " » " " " " " 

, t 4 
4 4 4 
4 4 ' 

4 4 
4 4 

Tif. 5.7.J. pCi Ca-137/d»y from Danish total «M, ItW-M. 

Éan^i ' 
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and 27 pCi Cs-1 37/day in December. As in the previous years , the var ia

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

were approx. 40% 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 1 969 Sr-90 levels in June and December in total diet were approx. 

90% of the 1 968 levels, while the Cs-137 levels were approx. 70% of the 

1 968 ones. 

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

of Sr-90 and Cs-137 in the Danish diet in 1 969. For the period January-

April 1969 the Sr-90 level in the total diet i s assumed to have been equal to 

that measured in December 1 968, HisO Report No. 201 '. For the period 

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

in June 1 969. The December 1 969 figure is taken to represent the las t three 

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

samples was 9.1 pCi Sr-90/g Ca in December 1 968. Hence the mean con

tent in the total diet in 1 969 was 9. 0 pCi Sr-90/g Ca or 15. 8 pCi Sr-90/day. 

In a similar way the Cs-137 content in the Danish diet in 1369 was 

estimated to be 28 pCi Cs-1 37/day or 7. 9 pCi Cs-I 37/g K (cf. also Appen

dix C). 

5. 8. Sr-90 and Cs-137 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 . The levels were nearly the same a s in 1 967 

and 1 968. Figs. S. 8.1.1 and 5. 8 .1 . 2 show a comparison between milk and 

meat levels. The ratio pCi Sr-90/kg meat/pCi Sr-90/1 milk was 0, 21 (S.E. 

0.02), and the corresponding ratio for Cs-137 was 5.2 (S.E. 0.4) for the 

period 1962-69. (In these calculations meat consisted of 2/3 pork and 1 / 3 

beef) (cf, also Appendix C). 





Tabla 5.8.1 

•-90 and Ca-137 in pork, ba«t and T M I flrom Copanhagca fa 1 MS 

Specie. 

P u k 

BMt 

Veal 

Unit 

p C i S r - » / k f 

pClSr-XP/jC« 

pCiCs-137/kf 

p O C » - l S 7 / j K 

pCi S r - » / k g 

pCi S r - n / f O 

p C S C - m / k « 

pClCe- t37 /gK 

pCi Sr-M/kg 

pCiSr-aO/(Ca 

p C i O - 1 3 7 / k f 

pCiCa- lST/ (K 

H»r. 

1 .1 

12 

75 

20 

1.2 

18 

60 

14 

1.3 

17 

33 

8 

Jtane 

7 . 0 

7 

68 

21 

1.4 

11 

59 

15 

1 .4 

14 

67 

15 

Sep. 

2 .2 

14 

90 

23 

1.5 

6 

147 

35 

1.5 

20 

68 

" 

Dec. 

1 .1 

a 
72 

32 

0 . 7 

9 

34 

1 0 

1.8 

13 

47 

15 

l i e u 

2 .8 

10 

76 

22 

1.2 

11 

75 

19 

1.5 

16 

54 

14 

100r pCi Sr-90/kg 

50 

20 

10 
milk 

<i • 0i!- :<i 

"> -« luttta <»* .a .at 

BWi,SW\ 

„i nv r o - -.„ml ,<"' '(l.fl . 4Jb« . ' f e ' « ia j r }a t 

« e « * n j$5 
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1000 

500 

200 

100 

50 

20 

10 

pQ Cs-137/kg 

mille 

62 63 6« 65 

Fil- 5.8.1. J. Cs-> 37 ill Ornish milk a 

6 67 68 69 

i mert (J/J pork «ad 1 /S bed) 1 Ml-I 

5.8 .2 . Sr-90 and Cs-137 in Fish 

Fish samples were collected at three coastal locations, Rødvig, Hunde
sted and Helsingør, in Zealand. Table 5.8. 2 shows the results. The levels 
were nearly equal to the 1968 (and 1 967) concentrations. 

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 thai the Cs-137 concentration in fish was 111 
(S. E. 17) times the Sr-90 level in sea water. The Cs-1 37/Sr-90 ratio in 
sea water i s 1.6 (S. E. 0.1) ', hence the concentration factor for fish from 
sea water becomes 70. 
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Sr-90 and C--137 In S*b collected ia 1960 In ioner Duttet, wmtera 

Species 

Garfish 

Plaice 

Mackerel 

Cod 

Herrtaf 

Salmon 

Trait 

E d 

H o n 

meat 

bone 

meat 

bone 

bone 

meat 

bone 

meat 

bone 

meat 

bane 

meat 

bone 

meet 

bone 

meat 

bene 

•oath 

Jane 

Dec. 

Dec. 

Dec. 

D e c 

Dec. 

D e c 

Dec. 

pCISr-M 
per kg 

1.28 

0 .71 

0.03 

1.56 

0.95 

2 .59 

1.22 

1.59 

1.24 

pCi Sr-90 
P e r g C a 

1.49 

0.53 

1.41 

0.66 

0.05 

0.34 

1.68 

1.91 

0.72 

0.13 

3.57 

1.33 

1.00 

0.61 

1.17 

1.42 

1.39 

0.85 

nCiCa-131 
p e r k s 

125 

25 

12 

126 

28 

161 

44 

83 

74 

pCiCs-137 
p e r g K 

31 

6 

4 

32 

8 

48 

13 

42 

23 

I 
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1000] pCi/kg 

100-

10 

1 -

a2 

0.1 

Cs-137 in fish 

Sr-90 in fish 

o Sr-90 in n i 
water 

1 1 1 P 1 1 - T 1 P-

61 62 63 6* 66 66 67 68 69 
Fif. S. 8. S. Sr-M>wl&-197]DDais*firteiiinpiradviikar-M 

Ina« vater 1981-99. 
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5. B. 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. Furthermore, 3 • 20 1 of water were collected from three different 
parts of Copenhagen and combined to a 60 1 sample. The samples were 
analysed, by the method used for ground w«*«*^ for Sr-90, stable strontium 
and calcium« 

Table 5. 8.4 shows the results. 

T a b l . 5 . 8 . 3 

Sr-90 in Danish drinktia^water in 1969 

Zona 

T: N-Jntland 

H: E-JuUand 

• I : W-Jvtiand 

IV: K-Jattand 

V: Fonen 

VI: Zealand 

VII: LolUnd-Falster 

VHI: Bornbolm 

litra. 

Copenhagen 

Population-weight«*! 
mean 

Median 

lune 
pCi Sr-90/1 

0.017 

0.019 

C.002 

0.001 

0.00* 

0.005 

0.003 

0.042 

0.012 

0.015 

0.0112 

0.005 

g C i / 1 

G.076 

0.075 

0.066 

0.085 

0.126 

0.106 

0.097 

0.077 

0 .M9 

0.138 

0.102 

0.065 

lab ia 5. »• 4 

Sr-90 and Ca-137 In toB—, tea and agg in 1989 

a ^ u 

Cofim 

Taa 

E M 

_ • *"""" 

HOBoh 

Dae. 

Da*. 

-Sif. 

Dec. 

pCiSr-tu/fcf 

28,9 - 0,3 

* * • 

2.2 

1-5 

s.u. 

,V>t i 

- ie»-

«-4 

--*;*-

tacm-m/it 

5» 

- m • 

14 

r - » - • < 

M I M M i w r i M i a i s h s < « i w | . M I H i t J H 
coOnaantwiudaol 1 IncMufodl kglaaa«. némll i t fn taatl 
•M M.D. flcm-aa Mann ttt Iwiii« In Oia aoO«»ia« taa as attak. 

J _J. 

M.U. 

1 

- - • » - - • -

>** 
».1 

3JW 

r 

_—i L... . 1 . . , 1 . . . . ,.,, 
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The variation between locations was in all cases highly significant (cf. 
Biso Report No. 1 54, p. 72 '. The highest Sr-90 levels were found in 
drinking water from Bornholm, East Jutland and Copenhagen. As compared 
with 1 96? and 1 968 the t 968-Sr-90 levels were mostly lower. 

The calcium (and stable strontium) levels were in close agreement with 

the observations made earlier. 

5. 9. Estimate of the Mean Contents of Sr-90 and Cs-137 in the Human Diet 
in Denmark in 1969 

5. 9.1. The Annual Quantities 

The annual quantities are calculated by multiplication of the daily quan
tities (as stated by E. Hoff-Jørgensen, cf. Eis6 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 16 pCi Cs-137/kg. 

5. 9 .3 . Cheese 

1 kg of cheese contains approx. 8. 5 g Ca 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 61.1 pCi Sr-90 and 1 2 pCi Cs-137. 

5. 9.4. Grain Products 

Tables 5. 9.1 and 5. 9.2 show the estimates of Sr-90 and Cs-137 respec
tively in grain products consumed in 1 969. From these tables the activity 
levels in grain products were estimated at 23.2 pCi Sr-90/kg and 48 pCi 
Cs-137/kg. 

Table t. 9.1 

Estimate of the Sr-90 content In grain products consumed 
per capita In f §69 

Typo 

By« floor 

t n a H J S i r ^ 
(79* extraction) 
onto 

Total 

Fraction from 
harve« 1 » 1 

kg flour 

21.9 

32.9 

5.5 

60.3 

PCI/kg 

46.0 

11. B 

20.0 

2J.0 

rci 
loor 

JM 

»10 

1505 

fraction from 
barns* i 969 

kg floor 

~7.J J 

»,"•» 
• It* . 

2«. o 

pa /k . 

36.0 

6.1 

!».» 
17.» 

pCi 

-267 

66 

& 
» 7 

Total 

PCI 

127« 

454 

13« 

1862 
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Table 5 .8 .2 

Estimate of the Cs-137 content in grain products consumed 
per capita in 1369 

Type 

Rye flour 
000% extraction) 
Wheel flour 
(75% extraction) 
Grits 

Total 

Fraction from 
harvest 1966 

kg flour 

21 .9 

52.9 

5.5 

60,3 

PCi/s» 

96 

26 

46 

53 

pCi 

2102 

855 

253 

3210 

Fraction Iron;, 
harvest 1869 

kg flour 

7.3 

10.9 

1.8 

20 .0 

PCl/k« 

59 

19 

23 

34 

PCJ 

431 

207 

41 

679 

Total 

pCi 

2533 

1062 

294 

3889 

5. 9. 5. Potatoes 

The figures in table 5.5.1 were used, i. e. 3. 9 pCi Sr-90/kg and 7.1 
pCi Cs-1 37/kg. 

5.9.6. Vegetables 

Table 5.6. 5 shows the calculation of Sr-90 and Cs-1 37 in Danish vege
tables consumed in I 969. The mean contents were 13 pCi Sr- 90/kg and 6.4 
pCi Cs-137/kg. 

5. 9. 7. Fruit 

The levels in imported fruit in 1969 are assumed to be equal to the 
mean levels found in oranges and bananas collected in Copenhagen in Decem
ber 1 968, i. e. 5. 6 pCi Sr-90/kg and 1 5 pCi Cs-1 37/kg. The mean levels 
in Danish fruit in 1 969 were 2. 6 pCi Sr-90/kg and 11.2 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 3, S pCi 
Sr- 90/kg and 12. 3 pCi Cs-1 37/kg. 

5. 9. S. Meat 

From table 5.8.1 the annual mean values of Sr-90 and Cs-137 in meat 
were calculated: 2.3 pCi Sr-90/kg and 76 pCi Cs-137/kg. (Daia»h meat 
consists of 2/3 pork ajid 1 /3 beef). ± j , ' 
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S. 9.10. Eggs 

The activity contents in eggs were estimated from the measurements 
in table 5.8.4. The levels were 1.8 pCi Sr-90/kg and 12 pCi Cs-137/kg. 

5. 9.11. Coffee and Tea 

The levels, indicated in table 5.8.4, were used. 1 /3 of the total con
sumption consists of tea and 2/3 of coffee. The mean contents were conse
quently 27 pCi Sr-90/kg and 168 pCi Cs-1 37/kg. 

5. 9.1 2. 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. 0.01 pCi 
Sr-90/1. The Cs-1 37 content in drinking water is assumed to be negligible. 

5. 9.1 3. Discussion 

Tables 5.9.3 and 5.9.4 show the estimates of Sr-90 and Cs-137 in the 

Danish diet in 1 969. The figures should be compared with the levels cal-

TaMe5.9.» 

Estimate of the mean contort of Sr-M in the unman diet in Denmark in 1969 

Type of food 

Milk and cream 

Cheese 

Oram products 

Potatoes 

Vegetable. 

Pratt 

Meat 

*K» 
Fish 

Cofwe and tea 

Drisfeuf vater 

.,*•** 

onanttty 
in kg 

16*. 0 

9 . 1 

80.3 

73.0 

43.8 

31.1 

54.7 

10.S 

10.9 

5.5 

549.0 

pCi Sr-90 
per kg 

B.6 

61.1 

23.2 

3 . 9 

13.0 

3 .5 

2 . 3 

1.8 

1.4 

27 

0.01 

Total 
p a Sr-90 

1410 

556 

1862 

285 

569 

179 

126 

20 

15 

149 

5 

»176 

Percentage of 
total p d Sr-90 

in food 

27.2 

10.7 

36.0 

5.5 

11.0 

J.5 

2 . 4 

0 . 4 

0 .J 

2 . 9 

0 . 1 
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Estimate of taa m « • ditt in IT . • • • • • • ia 19C9 

^^pc M n o d 

TMTIl iml 11 Mm 

O H M 

Gxniaprodacto 

Potato«* 

Vegatoblae 

Frait 

I w t 

E O > 

Fish 

Cufncaadtca 

DriaUDC aater 

Total 

i M l 
•aaomr 

i a k a 

164.0 

9 . 1 

80 .3 

7 3 . 0 

43 .a 

51 .1 

54 .7 

10.9 

10.9 

S.9 

548 

pCiCo-137 

16 

12 

46 

7 . 1 

6 .4 

12 .3 

76 

12 

74 

166 

0 

Total 
pCtCa-137 

2624 

109 

5654 

318 

2BO 

U ? 

4157 

131 

607 

924 

0 

14033 

Percaatagoof 
total pCiCa-137 

in b o d 

18 .7 

0.7 

27 .5 

3 .7 

2 . 0 

4 .5 

29.« 

0 .9 

5 .8 

6.6 

0 

Aitl i«appreadlliateintofc*ofpataMiiiBi«Hl3fiSc the pCi C f l - m / g K ratio 
a » aaproa. 10 .3 . The dailj n a n inlake ia 1969 n 3« pCi Ca-137 per eagdla. 

'4, A-.~. Ja i l A Ji"..,.. J i m 
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i w HtaTOi20Hoso»25orøwwå<8tt)3m&>3i> 
-Naaiurad 

Fig. 5.9.2. A comparison between estimated (cf. 5.9) and measured {cf. 5.7) 
Ca-137 levels in total Danish diet 1963-69. 

culated from the total-diet samples (cf. 5. 7). The Sr-90 estimates obtained 
by the two methods were 8. 3 S. IT. and 9.0 S. U. respectiyely, and the Cs-137 
estimates were 38 pCi Cs-137/day and 28 pCi Cs-137/day. Figs. 5.9.1 and 
5. 9.2 show a comparison between the measured and calculated levels in 
total Danish diet since 1961. The agreement between the two methods was 
satisfactory. 

The relative contribution of Sr-90 from milk products decreased from 
approx. 46% in 1 968 to 38% in 1969, whereas that from grain products in
creased from 30 to 36%. The contribution from potatoes, other vegetables 
and fruit was 20%, i. e. the same as in 1968. The relative contribution of 
Cs-137 in the total diet changed as follows from 1968 to 1969: Milk products 
showed a decrease from 23 to 19%, grain products an increase from 21 to 
28%, and meat a decrease from 32 to 30%. 
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6. STRONTIUM-90 AND CAESIUM-1 37 IN MAN IN 1 969 

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 1969, 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 yearB), children and teen-agers (5-19 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 lower in 1969 than in 1 968 for all age groups. The 

highest levels in vertebrae were found in the infant and children groups, the 

Table 6.1.1 

Sr-90 in bone from new-born children { {1 month old) in f 868 

Zone 

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 

•" H I """ 

IT 

Age in 
daya 

2 

27 

4 

1 

19 

4 

15 

22 

7 

5 

5 

4 

1 

11 

2 

6 

; t 

""""5 '" 
21 

Month 
of 

death 

4 

4 

10 

9 

2 

2 

3 

3 

8 

7 

7 

7 

9 

9 

« : 
l i \ ., 

9 | ,_ 

T , _ i 

2 

Sez 

» 
t 

V 

y. 

K 

T 

T 

r 
F 

F 

F 

X 

II 

H 

B 

. I . 

IK ,, 
j 

" 
r 

pCi Sr-SD/f Ca 

1.74 

2.35 

1.11 

0.64 

1.16 

2 .27 

0.55 

0 .53 

1.21 

1.00 

1.03 

1.12 

1.07 

1.19 

1.1« 

! 1.35 

0 . « 

Sample no. 

KI 29 

» I 47 

HI 122 

HI 92 

H 14 

KI 19 

HI 39 

HI 4B 

n a 
HI 72 

HI 74 

HI 75 

K 93 

E t > i 

u,»l 
« w '• 

1 

~vr~w 
«X ( 8 
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Sr-90 in boa« from infanta ( «4 TOWS old) in 1969 

Zone 

I 

I 

I 

I 

Z 

X 

z 
I I 

I I 

I I 

I I 

I I 

I I 

II 

I I 

I I 

I I 

I I 

I I 

II 

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 I I 

I I I 

I I I 

I I I 

TI 

TI 

» I 

and months 

1 • 

2 a 

1 a 

3 1/2 a 
6 1/2 a 

1 1/2 a 

2 a 

1 a 

4 a 

1 1/2 a 

9 a 

5 a 

7 a 

1 a 

3 J 10 a 

9 a 

1 , 2 a 

4 a 

1 a 

5 a 

1 a 

3 a 

11 a 

4 a 

3 a 

3 a 

1 1/2 a 

2 a 

2 a 

4 a 

4 1/2 a 

1 IT 

4 X 

3 a 

2 a 

4 j l a 

4 r l i 

3 a 

1 T 

3 > 

4 • 

Month 
of 

death 

4 

4 

3 
6 

7 

10 

10 

1 

2 

2 

1 

2 

2 

2 

2 

3 

1 

3 

3 
6 

6 

7 

7 

7 

B 

S 

8 

11 

11 

9 

10 

10 

10 

3 

7 

7 

8 

7 

12 

12 

i" 

Sax 

8 

X 

pCi Sr-80/g Ca 

0.99 

1.94 

2 .52 

0 .91 
5 .60 

2 .19 

1.13 

0.36 

0.99 

0.75 

2 .24 

2 . 9 0 

2 .24 

0.94 

2 .07 

0 .80 

1.24 

1.48 

3 . 4 4 

1.96 
1 .60 

1 .61 

2.02 

1.21 

1.27 

1.42 

1.28 

1.27 

1.58 

1 .10 

1.74 

3 .82 

2 .01 

3 .02 

1.21 

1.63 

1.73 

1.55 

2 .04 

1.97 

1.29 

Sample no. 

S I 36 

EX 37 

81 44 

•X 54 

EC 69 

EK 118 

KX 119 

» I 7 

KK 8 

H 9 

IE 10 

XE 11 

EE 12 

EE 13 

»X 15 

EX 16 

EX 18 

EX 42 

EX 43 

EX 52 

«X 51 

XX 55 

EX 60 

EE 65 

EX 66 

EX 70 

EE 71 

EX 144 

EK 142 

EX 96 

EX 107 

XX 106 

EX 121 

EX 40 

EX 58 

EX 67 

•X 68 

EX 74 

EI 133 

EI 140 

XX 132 

"i^M. 



Sr-90 in bo ie from children and teen-agar* ( c l 0 jeara) in 1069 

Zen* 

I 
I 

I 
II 
I I 

II 
XI 
II 

I I 

II 
II 

II 

I I 

I I I 

I I I 

I I I 
I I I 

I I I 

I I I 
IT 
IT 

VI 

n 
¥1 

» i 
VI 
TI 

TI 
TI 

TI 

TI 

TI 
TI 

TI 

YI 

TI 

TI 

TI 
TI 

Again 
yaara 

13 

5 
11 

T 

5 
IE 

15 
19 
13 

( 
5 
6 

9 
S 

12 
18 

10 
6 

16 

17 
12 

19 
15 
17 

15 
17 
11 

17 

17 

19 

19 
11 
16 

1« 

S 

1« 

7 

19 

17 

Month 
of 

death 
10 
11 

3 
4 

9 

9 
6 

11 

3 
1 

9 
8 

9 

9 
9 

10 

10 

5 

9 
10 

4 
11 

11 
12 

9 

9 
5 

10 

12 

4 

5 
10 
12 

12 

5 

5 
7 

a 
9 

S B 

i 

pClSr-90 /gCn 

1.70 

2 .95 
1.49 
2.26 

3 .89 

3.92 
1.80 
2.36 

1.36 

2.27 

1.85 
5.18 

1.47 
1.86 
0.98 

1.55 
2 .09 
2.56 

0.90 
1.7B 

2.02 

1.92 
2.67 

1.55 

1.40 
1.24 

1.14 
1.58 
1.48 

2 . 38 

1.35 

0.97 

1.77 
3.06 

1.04 

1.04 
2.2S 

1.02 
3 .4o! 

1 ' | -

Sample no. 

« I 115 

U 143 
IX 45 
IX 30 

•X 148 
XE 89 

XX 64 

XX 5 
KE 20 

ax 21 
KK 100 
XX 61 

IX 97 
• I 88 

IX 90 

•X 105 
IX 120 
H 62 

IX 94 

a lie 
IX 28 

I I 128 
re 126 
IE 136 

•X 87 
IX 86 

• I 29 
U 113 

IX 135 
I I 31 

IE 27 

III 114 
n 137 

• I 141 

n 24 

n 26 
• I 57 

x$ as 
nt 82 

i " 

f 

f 

i 

t 
1 
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Tania 6.1.4 

Sr-90 ia vertebrae from edulta ( a29 yaara) in 1969 

Zona 

I I 
IT 

IT 

TI 

TI 
TI 
TI 

TI 

TI 
TI 

TI 

TI 

TI 

TI 

TI 

TI 

A | * i n 
ycara 

20 

25 
20 

22 

29 

25 

29 
28 

20 

24 

24 

23 
22 

29 
28 

27 

aTenth 
af 

death 
11 

7 

9 
11 

10 

11 

11 

7 
1 

9 
10 
12 

2 

7 

9 

9 

Sea 

R 

pCi Sr-W/t: Ca 
Ca 

1.59 

1.55 

1.73 
1.46 
0.90 

2 .05 

1.54 

0 .93 
1.60 

1.54 
1.22 

1.00 

1.64 

1.21 

1.70 

1.31 

Sampiano. 

EX 117 

I I 76 

« I 91 

IX 129 

HX 127 

I I 125 
• I 124 

• I 49 

a 4 
IX 65 

U 111 

IX 138 

IX 32 

•II 50 

IX 79 
IX 83 

Tattle 6.1.5 

Sr-90 la vertebrae from adolta ( >J9 jreara) la 1969 

Zone 

I I 
TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

TI 

Age in 
ycara 

34 

33 

55 

46 

34 

69 
38 

46 

49 

34 
40 

54 

35 
35 

32 

49 

36 . 

Month 
of death 

3 
1 

9 

9 

9 
1 

10 

10 

4 
12 

12 

1 

4 

7 
e 
9 

5 

S « 

I 

I 

I 

• 
r 
i 

t 
I 

« 
i 

i 

I 
f 

• 
» 
• 
» 

pCi S r - 9 0 / | 
Ca 

1.49 
1.01 

0 .60 

0 .46 

1.01 
1.05 

1.39 
1.40 

1.09 
2 . 0 0 

1.37 

0.99 
1.62 

1.69 

1.24 
1.56 

1.27 

Sampl* Xo. 

I I 34 
IX 1 

I I 70 

IX 81 

IX 84 

IX 3 
IX 110 

I I 112 

IX 33 

•X 139 

IX 134 

•X 2 

IX 35 

IX 53 
IX 56 
•X 77 
n 23 

LtL£ 
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lowest among new-born (cf. fig. 6.1). Adults between 20 and 29 years 
showed higher levels than adults of more than 20 years. The adult levels 
were lower than expected (cf. Appendix C) probably because most of the 
samples came from the eastern part of the country with the lower diet levels 
(cf. 5.7). 

As in the previous years ', the mean OR: S. IT. (new born1 s bone)/S. U. 
(mother's diet) was calculated from tables 6 .1 .1 , 5.7.1 and S. 7. 2 and Rigo 
Report No. 201, tables 5.7.1 and 5. 7 . 2 1 \ Table 6.1.7 shows the result 
compared with the OR values from previous years. 

Tame 8.1.8 

Sr-90 fpCi/gCa) in human wtabrae collected in Danmark in 1K9 

Agegroop 

Hev-born 
( { 1 nuM&i) 

U 4 « * t t r s ) 

Chfloren 

(-18 Tears) 

Adntta 
( <ll years) 

Adult« 

( 1 3 0 yearn) 

number at 

»ample« 

19 

41 

39 

16 

IT 

Min. 

0 .55 

0 .56 

0.9O 

0 .90 

0 .4« 

Man. 

S.35 

5 .60 

5 .18 

2 . 0 5 

2 . 0 0 

Heman 

1.12 

1.S0 

1.78 

1.54 

1.27 

Mean 

1.16 

1.78 

1.94 

1.38 

1.25 

• HpCiSr-90/gCa 

3 

2 

1 

9 9 
• • . <B 0 

3d Wd 30d 3m 6m9n1y 2y *y 7yWy 20y«0y80ytXy 

Fif. 0.1. Sr^Wmhnmanvertebra*in 1968fmeflfareaintheclrclae 
r ojt aajnoleaj. 

Tam»e.i.Tt 

"=T « 
•B 

n 

• ] * * - ' 
0.11 

'•— 

t ws ; 
o.m 
0 . « 

*£&-

M*5 [ 

0 . « 

0,05 

0,01 

^ 
J>,» 

.,« 

.,« 

•I ^»W I 
e.i? 
»M • 

_S2_ 

'Wtai 
0.1) 

L.. « • « 
•9,n 

• wor ' 
0.11 

0.09 

»•* 

[Mma 

0.104 

0.010 

0.OM 
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6.2. Cs-137 in the Human Body 

In July 1963, whole-body measurements were initiated at Riso in the 
low-level counting room in the Health Physics Department (cf. 2.3 in RisO 
Report No. 85* \ 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 control group is indicated by small 
letters in the table. 

The annual mean value of the control group was 40. 3 pCi Cs-t 37/g K. 
As earlier, we shall consider this figure representative of the mean of the 
Danish population in 1 969. The total-body content of Cs-137 in 1969 for a 
standard man containing 140 g of potassium equals 140 • 40. 3 • 10" nCi s 

5. 6 nCi Cs-137, i. e. approz. 85% of the 1 968 level. 

Fig. 6. 2 shows the mean M. U. values (with one S. D. ) for men and 
women measured in 1 963-1969. 

Table 8.2 

Whole-body measurements of eeesinm-137 end poteseinm in 1969 

No. 

e 22 
% 2B 
e 20 

• 25 
e 21 
< 27 
i 18 
• 26 

1 15 
e 15 
e 12 

e 17 
, 6 

q 16 
n 2 ! 
» 11 

• 14 
e S 

• 9 
i 7 

s 4 ) 
> 44 
a 36 
« 29 
• 94 

S « Counting 
date 

18/4 
30/4 
21/4 
17/4 
19/4 
26/4 
22/4 
28/4 
23/4 
25/4 
25/4 
24/4 

6/5 
23/4 
25/4 
24/4 
30/4 

5/5 
5/5 
6/5 

4/7 

4A 
10/7 
17/7 

1«A 

*** 
32 
38 

44 
41 

31 
22 
40 
37 
37 
37 
38 

44 
37 
39 
30 
27 
30 
34 
30 
46 

32 
38 

44 
41 
51 

Height 
In cm 

T 6 4 
176 

174 
171 

174 
164 
170 
161 
172 

193 
170 
170 
178 
192 
162 

174 
178 
160 
1(0 

» 3 

164 
176 

174 
171 
174 

Weight 
in kg 

59 
62 
86 

64 
73 
48 
66 

55 
66 

79 
71 
64 
65 
83 
49 
74 
79 
54 
38 

73 
60 
(2 

85 

63.3 
71 

Deilj 
milk 
eencnmp-

1?4 1 

1/4 1 
0 1 

1/2 1 

1/4 1 
1/2 1 

0 1 

1/4 1 
3 /4 1 
1/4 1 

0 1 
1/2 1 

0 1 

1/2 1 
1/4 1 
1/2 1 

1/4 1 
1/4 1 

3 /4 I 
1/4 1 

1/4 1 
1/4 1 

0 1 
1/2 1 

1/4 1 

-M.U. 
in 

body 

47.3 
38.9 
36.5 
44.2 
38 .1 
33 .9 
34.2 
47.2 
44.0 
41.2 
51.5 
44.8 

33.1 
48.4 
39.2 
49.0 

35 .8 
52.2 

35.7 
69.2 
47.6 

47.1 

41 .1 
27.3 
58.1 

Body 
barden 
IsnCi 
re-IST 

3.78 
5.03 

3 .21 
6.50 

6.46 
4 .71 
2 .58 

5 . « t 
5 .70 

5.15 
5.90 
6.87 
4 .18 
4 .94 
4 .53 
4 .29 
4 .61 
3.72 
3.80 

11.25 

3.20 

4 .45 
5.91 
4 .98 
4 .68 

o J d , * 
•eight 

1 .3* 
2 .13 
1.03 
2 .3 
2 .3 
9 .29 
1.16 
2.22 
2.06 

1.33 
2.27 
2.4 
1.92 

1.23 
2.3 
1.42 
1.75 
2 .1 
1.85 
2.23 

1.12 
1.5 
1.4« 
2 .8 
1.7 
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No. 

t 43 
1 JO 
* 35 
1 3» 
• 50 
• 40 
o 37 

f »7 
4 35 
t 31 
« 3« 
» 41 
« 32 
> 42 
• 49 
• 51 
* 4< 

» 52 

• Tl 
e 6« 
4 64 
• 53 
4 57 
1 CI 
k 55 
1 TO 
• 64 
n 69 

P « 5 
9 59 
t 54 
- 63 
T M 

J «2 
s 67 
• 54 
• 3< 

S o Counting 
date 

4/7 
« / 7 
»2/7 

»/» 
1/0 
a/7 

loft 
a/7 

19/7 
1A/7 
9ft 
7ft 

17ft 
7ft 

31ft 
4/S 
3ft 

12/12 

25/11 
28/11 

1/12 
11/12 

4/12 
2/12 
B/12 

26/11 
27/11 
26/11 
20/11 

3/12 
9/12 

25/11 
3/12 
2/12 

27/11 

4/12 
3/12 

**' 

2 2 

40 
37 
37 
37 
3B 
44 
37 
39 
39 
36 
2 7 

45 
30 
34 
30 
46 

32 
30 
44 
41 
31 
22 
40 
37 
37 
37 
30 
37 
39 
39 
30 
27 
2 1 

30 
34 
46 

Height 
in cm 

144 
170 
161 
172 

193 
170 
170 
170 
192 
160 
162 
174 
161 
170 
160 
160 

103 

164 
1T6 

174 
171 
174 
164 
170 
161 
172 
193 
170 
170 
192 
168 
162 

174 
165 
178 
ISO 

103 

Weight 
in kg 

40 
66 
56 
66 

72.5 
71 
63 
(3 
05 
56 
50 
74.5 
63 
79 
53 
50 
71 

60 

62 
89 
63 
70 
47.5 
64 
55 
60 
70 
75 
64 
05 
57 
52 
73 
52.5 
80 
54 
74 

Doily 
milk 

"T 
1/4 I 

0 1 
1/4 1 
3/4 1 

1/4 1 
0 1 

1/2 1 
1/4 1 
1 / 2 1 

1/2 1 
1/4 1 
1/2 1 

0 1 
1/4 1 
1/4 1 
1/2 1 

1/4 1 

1/4 1 
1/4 1 

0 1 

1/2 1 
1/4 1 
1/4 1 

0 1 
1/4 1 
3 /4 1 
1/4 1 

0 1 
0 1 

1/2 1 

1/2 1 
1/4 1 
1/2 1 

1/4 1 
1/4 1 
1/4 1 
1/4 1 

K.U. 
in 

body 

30.6 

97.2 
32.2 
32.0 
62.0 
37.2 
55.5 
29.2 
53.6 

23.3 
24.1 
47.0 

38.5 
34 .1 
20.7 
30.5 
43 .1 

14.0 

33.1 
34.7 
46 .1 
49.6 
33.9 
53.2 
34.0 
47 .1 
53.9 
40.6 
37.S 
40 .0 
32.9 
35.7 
43.4 
32.9 

34.6 
45.2 
37.8 

Bod> 
burden 
innCi 
C.-1S7 

4.53 
10.27 

4.77 
5.91 
4.49 
5.41 
7.46 
2.73 
7.26 
2.99 
2.66 
5.18 

3.33 
4 .78 
3.20 
3.98 
7.42 

1.54 
5.24 
5.72 
7.60 
9.14 
5.20 
0.60 
5.53 
7.53 

10.25 
6.95 
5.44 
7.48 

4.65 
5.03 
7.03 
8.60 
5.62 
6.93 
8.90 

6«7k« 
body 
weight 

>.6 
1.6 
2.6 
2.0 

2 .1 
2.91 
2.15 
1.44 
1.6 
2 .3 
2.2 
1.46 
1.37 
1.74 
2.17 
1.78 
2 .4 

I . « 
2.55 
1.75 
2.62 

2.63 
3.2» 
2.53 
2.96 
2.42 

2.44 
2.28 
2.25 
1.88 
2.48 

3.14 
2.47 
3.09 
2.03 
2.03 
3.21 

The maximum was reached ii. :i .gust 1964. The figure also shows tha :̂ 
the mean level In the male group was appro*. 1 .3-1.5 times as high as thai 
in the female group. The levels were nearly constant throughout 1969 (cf. 
also Appendix C). 
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7. STRONTIUM-90 IN SEA WATER IN 1969 

The collection of sea-water samples initiated in 1961 -62 was continued 
in 1 969. The samples, all of them surface samples, were collected only in 
June around Zealand at the locations used in November-December 1962 (cf, 
RisO Report No. 63 1 ' . 

The one-litre samples from the Sound were bulked into three-monthly 
samples. The 40 locations in the Sound were those used in 1961 (cf. RisS 
Report No. 41, fig. 7.I .1.21*). 

Tables 7.1 and 7. 2 show the results. 
Fig. 7.1 shows the mean content of Sr-90 in sea water collected since 

November-December 1 962 at the locations in table 7.1 (cf. also fig. 5.8. 2). 

,Tabl« 7. I 

Sr-90 in I M water collected around Zealand in lune 198B 

Latitude M 

5S°11 ' 

5S°06 ' 

53*46' 

55*27' 

55*17' 

55*01 ' 

54°S7' 

55*10' 

54*5J* 

54*12' 

54*36' 

54"J3' 
54*46' 

54*53 ' 

54*5B< 

55°OB' 

Longitude E 

11°45 ' 

1 1 ° 0 8 ' 

11*2S« 

10*42• 

10<'49• 

1 0 * 3 1 ' 

1 0 * 4 2 ' 

11*37' 

1 1 * 2 8 ' 

10*40 ' 

11*09! 

11*56 ' 

11*5«' 

12*09 ' 

12*35• 

12*17• 

Water 

TaeCattegat 

(Besse l* , SJnUanda Odde) 

Tb« Cattegat (Samse) 

Toe Great Belt (KertenUnde B e > , 

Nyborg Fjord) 

Tbe Great Belt (Svendborg Sound. 

RadUMag Iflb) 

The Great Bait (Ku-rebaduniiide. 

Aakfi) 

Tbe F e m e n Bel t 

(KJeMeltor, Fehmera Belt) -

Tbe B e t t e Sea (Qwåeer rav, 

Hyfcatnng Falster) 

Ortfneand 

Fakse Bay 
(Hone Klint. Fakae Bart 

Mean 

SD 

S I 

pCi S r - M / 1 

(1.47 

0 . 4 7 

0 . 5 1 

0 . 6 6 

O.fifi 

0 . 6 6 

0 . 7 0 

0 . 4 2 

0 . 6 2 

0 . 5 7 

0 . 1 1 

0 . 0 4 

pCi Sr -90 /g Ca 

1 .76 

1 .68 

1 .97 

3 . 1 2 

3 . 3 3 

Z.BX 

4 . 3 1 

3 . 5 0 

5 . 1 1 

J.OT 

1 . 1 7 

0 . 3 9 

Salinity In o /oo 

ao.o 

20.8 

i s . ; 

15.8 

14.8 

17.6 

18.2 

8.9 

9.t 

15.4 

4 . ! 

1.5 
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pCiSr-90/l 

Ol . . . . . . . -
1962 863 1964 1965 1966 1967 1968 1969 

Fig. 7.1. Sr-90 in sea water from inner Danish waters, 
1962-69(1 S.D. indicated). 

Table 7.2 

Sr-90 in the Sound in 1969, mean of 40 stations (of. Riso Report No. 41'') 

Sampling period 

July-September 

October-December 

pCl Sr-90/1 

0.76 - 0.04 

0.41 

pCi Sr -90 / f Ca 

4 .80 - 0 .20 

2 .42 

Salinity in o/oo 

11 .8 

12 .7 

Tht error term ! • the S. E. or a double determination. 
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8. SPECIAL SURVEYS 

S. 1. Meteorological Mast Experiment 

As in the previous years, samples of precipitation were collected from 
the meteorological mast at Rise at eight different heights (cf. fig. 3 .1 . 2.2). 

Table 8 .1 . t shows the Sr-90 levels in the eight bottles throughout the 
year and tables 8.1.2 and 8.1.3 the analysis of variance of the natural 
logarithm of the pCi Sr-90/1 and the mCi Sr-90/km~ figures respectively. 
As previously, the variations between months were highly significant (P \ 
99.95%). 

The variation between locations was probably significant, undoubtedly 
owing to the great analytical error. 

The mean amount of precipitation in the eight bottles on the mast was 
321 mm in 1963, i. e. 75% of the level measured in rain bottles at ground 
level at Riso (cf. table 3. 2.4.1). The total deposition was 0. 87 mCi Sr-90/ 
k m , i. e. equal to the level measured at the ground station* at BisB (cf. 3. 2.4). 

8.2. Levels of Sr-90 and Cs-137 in Grass and Milk from the Entire Country 

In September grass and milk samples were as previously collected 
from the State experimental farms (cf. fig. 4.1.1). (As no milk was ob
tainable from Virumgård, this farm was omitted from the sampling. ) 

Table 8. 2.1 shows the Sr-90 and Cs-137 contents in grass and milk 
from the sample collection. The mean Sr-90 level in grass was in Septem
ber 63 S. U. (in 1968 the September level was 77 S. U.), and the mean level 
atRi»0(cf. table 3.2.2) in July-September 1969 was 5$ S.U. 

The mean milk levels were 5.6 S.U. and 9. S M.U. In dried milk wc 
found in September 5.8 S. U. and TO. 8 M. U. 

The OS between mean S. U. in milk and grass was 0.10 In IW9 i. e. 
pptirJv the Aame as in 1965-68. 

8.3. 3r-90 and Cs-137 in Human Milk 

Donor A was identical to donor A in 1995 (cf. Bis« Report No. 1 SO, p. 
921') and donor D Was identical to donor DIB 1 9 « ( c t RisB Report Mo. 1ST, 
p . BS1*). -": : - '• -'"••"••'--• ~ - - - ~ - j 



TebleB.1.1 

Sr-W In the meteoroloflcel mast 1969 

Jan. 

Feb. 

Mir. 

Apr. 

Hey 

June 

July 

Sep. 

Oct 

Nov. 

Dec. 

1969 

I n 

pCi/1 

1.15 

3.04 

21.50 

1.72 

3.22 

3.47 

5.19 

1,86 

1.83 

0,56 

0.46 

1.74 

I 
2.11 

mCi/km 

0.041 

0.017 

0.073 

0.071 

0.173 

0.159 

0.058 

0.101 

0.038 

0.026 

0.023 

0.006 

0.786 

372 u 

7 m 

pCi/1 

1.13 

1.54 

23.30 

2.29 

4.22 

3.26 

6.19 

2.37 

2,16 

0.66 

0.90 

2.48 

2.46 

mCi/km 

0.048 

0.005 

0.065 

0.086 

0.254 

0.144 

0.059 

0.125 

0.038 

0.032 

0.043 

0.009 

z 
0.908 

369 -a 

23 m 

PCi/1 

1.65 

4.17 

22.10 

1.98 

4.25 

3.54 

7.37 

2.38 

1.28 

0.86 

0.60 

1.400 
3 
2.47 

mCi/km 

0.057 

0,012 

0.062 

0.061 

0.22b 

0.153 

0,062 

0,120 

0.022 

0.040 

0.028 

0.009 

Z 
0.846 

342 u 

39 m 

pCi/1 

1.50 

10.66 

10.61 

3.21 

5.51 

3.93 

5.73 

2.57 

1.48 

0.54 

0.48 

4.24 
I 
2.77 

mCi/km 

0.04B 

0.016 

0.030 

0,098 

0,286 

0.163 

0,048 

0.125 

0.024 

0.023 

0.022 

0.020 

Z 
0.903 

326 n 

Table 8 .1 .2 

Analysis of variance of In pCi Sr-90/1 In precipitation in 1969 

(from table 8 .1 .1) 

Variation 

Between locations 

Between months 

Remainder 

SSD 

2.3528 

66.6239 

8.8120 

f 

7 

11 

75 

a 2 

0.3361 

7.8749 

0.1175 

,8 

2 .66 

67.02 

P 

>97 .5* 

>33.95SS 

• - 0.35 

Tab!« 8 .1 .3 

Analyala of variance of In mCi Sr-90/km 2 in precipitation in 1969 

(from table 8 .1 .1 ) 

Variation 

Between location. 

Between ntontba 

Remainder 

SSD 

1.7157 

84.8339 

6.4415 

f 

7 

1 1 

75 

.' 
0.2451 

7.7121 

0.0859 

v* 

2,85 

89.78 

P 

>97.5>( 

>99.95J« 

• - 0 .30 



S« in 

pCi/1 

1.44 

9.91 

20.80 

1.97 

5.02 

5.57 

5.64 

2.44 

1.48 

0.71 

0.56 

3 . H 

X 
2.54 

mCi/km1 

0,045 

0.008 

0.064 

0,094 

0,296 

0.U7 

0,045 

0.110 

0.026 

0.055 

0.026 

0.014 
S 
0.626 

329 aa 

71 m 

pCl/1 

1.47 

8.65 

14.40 

2.TD 

5.91 

4.15 

6.46 

5.50 

1.61 

0.5B 

0.58 

2.25 
t 
».97 

jnCi/km2 

0.048 

0.012 

0.045 

0.003 

0.557 

0.180 

0.045 

0.178 

0.026 

0.029 

0.026 

O.OM 

t 
1.017 

342 — 

M m 

p o / i 

(1.79) 

7.75 

20.80 

2.41 

5.95 

5.59 

8.01 

4.85 

1.42 

0.82 

0.13 

5.(5 
I 
3.i7 

mCi/kn* 

(0.052) 

0.014 

0.052 

0,062 

0,290 

0,147 

0.056 

0.202 

0.019 

0.034 

0.025 

0.022 

(0.975) 

266 M 

133 m 

pCi/1 

(1.94) 

19.78 

2 9 , « 

3.15 

4.85 

5.80 

12.10 

2.85 

0.92 

0.52 

0.6S 

9.92 
I 
3.06 

mCi/km3 

(0.052) 

0.010 

0.048 

0.099 

0,190 

0.158 

0.099 

0.108 

ft.009 

0.017 

0.017 

0.008 

{O.179) 

222 aa 

Uvan 

PCI/1 

1.51 

8.19 

19.86 

2.42 

4.86 

5.66 

7.D9 

2.85 

1.52 

0.66 

0.61 

3.B5 
f 
2.72 

mCl/km2 

(0.040) 

D.012 

0.099 

0.0T2 

0.251 

0.194 

0.054 

0.134 

0.025 

0.050 

0.026 

0.012 . 

(0.873) 

321 BBl 

Table B,Kl 

Sr-90 and Ca-13T in graaa and milk la Stpt I KB collected on the Slate experimental farme 

Tyletria) 

Stodegåxd 

ødem. 

Aakov 

SL Jyndevad 

Blanevtedgård 

Tjnrtofte 

Vlruagård 

Abed 

Åkirkeby 

Mean 

S.D, 

a 

Ifllk 
pCH Sr-B»/gCa 

6 . 0 

6 . 3 

5 . 0 

5 . 2 

8 . 7 

5 . 3 

5 . 8 

4 . ? 

4 . 0 

= .M 
*.* 
0.23 

MUk 
pCiCa-137/sK 

10.6 

6 .3 

7 . 5 

6 . 9 

8 . 2 

11.3 

17.0 

ll .fi 

7 . 2 

9*6 

3 . 4 

0.39 

MUk 
pCJCe-137/1 

16.6 

10.6 

12.« 

11.0 

13.7 

18.( 

27.8 

19.« 

11.9 

16.0 

S . 6 

0.39 

Groes 
pCiSr-SO/sCe 

48 

104 

41 

87 

123 

44 

27 

54 

43 

«> 
JJ 

0.92 

Graae 
pCiCe-137/ft-K 

9 - 4 

6 . 4 

3 . 2 

3 . 8 

5 . 0 

4 . 2 

0 . 5 

12.3 

5V4 

5 . 6 

M 
0.6? 

Graae 
pCiCa-137/ke 

109 

95 

30 

27 

41 

33 

5 

96 

41 

91 

W 

».Tft , 

ff,II mlllr 
S. O. grew 

0.13 

0.06 

0.12 

0.06 

0.07 

0.12 

0.21 

0.06 '" 

8.09 -

9,iifj 

f-H* - i 
, 4fHt ,;j 

MUk 

M.U./S.U. 

1.8 1.1 

1.0 1.0 

1,5 2.3 

1.3 1.8 

0.9 1.6 

2.1 2.7 

2.9 (34.0) 

2.6 0.9 

T » ' 1.4 

lift (I-«) 

•tf Å9-*) 

*9 .4 f c * 

• ; i.i .". f" 
- i iL-.i(.» . i i 

. ,....JJ.., »•.^^-^«»>~«AiÉMlflfulil 

http://ll.fi
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The Cs-137 determinations were performed by Y-spectroscopy of the 
3) dried milk, and Sr-90 was determined in the ash by the usual method ' . 

Table 8.3.1 shows the results. 

Sr-90 ud Ce-I 37 in human 

Table 8.3.1 

milk collected In Jan.-Oct. 1969 

Donor 

D 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Location 

Holbek 

Copenbagei 

" 
" 
" 
" 
" 
• 

" 
" 
• 

Period 
of col
lection] 

Jan. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay 

June 

July 

Aug. 

Sent 

Oct 

0.537/1 

4.a 

8 . 1 - 1 . 2 

7 .3*0 .1 

7 .0*0.7 

8 .6*3 .4 

4 .9*0 .1 

12.9 

s . o i j . s 

7 .6*1 .0 

10 .6 

8 .4*2 .3 

pCi 
Cs-137/gK 

7 .9 

11 .7*1 .8 

12 .3*0 .2 

11 .8*1 .2 

12 .7*3 .5 

6 .8*0 .2 

17.5 

1 3 . 2 * 2 . 4 

12 .8*1 .6 

15 .4 

11 .5*3 .1 

gKA 

0 .61 

0 .69 

0.59 

0 .59 

0.69 

0.72 

0 .74 

0 .61 

0.59 

0.69 

0 .73 

pCi 
Sr-90/1 

0.45 

0 .86 

0 .69 

0 .97 

1.12 

0 .62 

0 .67 

0.45 

0 .46 

0 .53 

pCi 
Sr-SO/gCa 

1.15*0.13 

1.67*0.22 

1 .84*0.20 

2 .36*0.18 

2 .48*0.24 

1 .72*0.08 

1 .50*0.01 

1.30*0.03 

1 .30 

1.29 

gCa/1 

0.39 

0.46 

0 .36 

0 .41 

0 .44 

0 .48 

0.45 

0.35 

0.36 

0.41 

CB-137 

(PCi/1) 
11 

9 .4 

10 .6 

7 .2 

7 .9 

6 .0 

19 .2 

17 .8 

16 .5 

2 0 . 0 

The error termin t h e S . E . of the mean of doable or triple determinations 

The Sr-90 mean levels in the donor milk in 1 969 were 0. 70 pCi Sr-90/1 

(S. D . : 0. 24 pCi/1) and 1. 74 pCi Sr-90/g Ca (S. D . : 0.45), and the mean levels 
of Cs-137 were 8.4 pCi Cs-137/1 (S. D.: 2.1) and 1 2. 6 pCi Cs-1 37/g K (S. D.: 
2.8). If the mean level of the food collected in zone VI and Copenhagen in 
December 1968 and in June 1969 is considered to be representative of the 
donors' diet (cf. the observations in 1 964 and 19651', we can estimate the 

diet level at 8.4 pCi Sr-90/g Ca or 15.2 pCi Sr-90/day and 7.9 pCi Cs-137/g 
K or 28 pCi Cs-137/day. The percentage of the dally Cs-137 intake with 
food that is excreted per litre of milk has been calculated at 30%, the ratio 
M. U. in human milt „ „ , . . „ __ s . O. in human milk 
K:V. in die* was 1.6. and the OR g - fr g | ™ » ° ° S 2 S was 0.21 
(cf. table 8.3.2). 
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Table 8 .3 .2 

A comparison between Cs-137 and Sr-90 levels in human milk 

and diet collected in 1961 -69 

Period 

Nov. 61 -Har. G2 

Mar. 62 

July-Sept 62 

Sept. 62 

Dec.63-May64 

May-Nov. 64 

Oct. 64 

Feb. -Mar. 65 

Jun. -Sept 65 

Oct. 65 

Oct - D e c 65 

Apr. -May 66 

May-Sep. 66 

Oct -NOV. 66 

Apr.-May 67 

June 67 

Oct . -Dec. 68 

Jan. -Apr. 69 

May-Oct60 

Mean 

S.D. 

a.E. 

Percentage of the 
daily Cs-137 intake 
excreted per litre 
of milk 

-
3 2 * 

-
2f* 

14 

21 

2 1 * 

20 

22 

5 1 * 

23 

17 

27 

41 

B 

15 

IB 

21 

40 

25 

11 

3 

(pCi Ca-137/iK) human mittt 

-
1.9* 

-
1.1 * 

0.9 

1.7 

2 .3* 

1.3 

1.6 

1.7* 

1.7 

1.2 

1.8 

2.3 

0.5 

0.7 

1.1 

1.3 

2.2 

1.5 

0.5 

0.1 

™ S.U. human milk 
""- B. U. diet 

0.16 

0.18* 

0.14 

0.09* 

0.15 

0.10 

0.09* 

0.24 

0.13 

0 .13* 

0.11 

0.15 

0.10 

0.14 

0.13 

0.09 

0.24 

0.24 

0.16 

0.14 

0.05 

0.01 

The diet levels were themeans of zone VI and Copenhagen In tables 5.7.1 and 5 .7 .2 ' 

except for * where the milk donor's diet was collected for one week and analysed. 
In some of the periods milk was obtained from more than one donor. 

8.4. Country-wide Measurement of the V-Background in 1 969 

8.4 .1 . State Experimental Parma , "'<• T 

A« in the previous years ', the Y-background was measured in March, ,: 
June, September, and December at ten State experimental farm«, fable 
8.4.1.1 »hows the results, and table 8.4.1.2 gives the analysis of v»rianc*. 

& v -c* . * tats but 
' •• " i . i t x f - i -*rr M .aft 
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Table 8.4.1.1 

Y-backgroand at the State experimental fi t in 1969 (nR/h) 

Tylstrup 

Studsgård 

Askov 

St. Jyndevad 

Blangstedeird 

Tystofte 

Virumgird 

Abed 

Åkirkeby 

Mean 

Mar. 

4 .8 

4.9 

7 .2 

6.5 

4.5 

6 .8 

8 .0 

7.5 

4 .1 

(8 .2 ) 

6.3 

June 

5.1 

5.2 

( . 8 

4.4 

4.4 

6 .8 

e.o 
6.8 

4.6 

9 .1 

6 .1 

Sep. 

6.2 

4.7 

7 . 0 

6.2 

3.8 

7.6 

7.6 

7.3 

7.9 

8.2 

6.7 

Dec. 

5.4 

4.J 

6 .1 

6 .1 

4 .4 

6.4 

7 .7 

7 .0 

6.5 

7 .6 

6.2 

Mean 

5 .4 

4 .8 

6 .6 

5 .8 

4 .3 

7.2 

7 .8 

7 ,0 

5 .8 

( 8 . 3 ) 

6 .3 

Table 8 .4 .1 .2 

Analysis of variance at the Y-backgronnd at the State experimental fi 
(from table 8 .4 .1 . ! ) 

Variation 

Between locations 

Between months 

Remainder 

S8D 

56.6841 

1.6422 

15.5333 

f 

9 

3 

26 

s 2 

6.2982 

0.5474 

0.5974 

v 2 

10.54 

0.92 

P 

>99.95* 

. 

n •* 0.12 

liFVh 

*ft 
• " ^ / ^ e . 

/ \ 
.^N 

\ 

1-

O—•0 

« • 

A a 

J » ^ — n 

;^v 

Åkirkeby 

Abed, DtaijisleHsjgrd, Tystofte 

WumgSrrJ, »Wurn.Tytetrup 

St Jyndevad. Askov, Studsgård 

1962 M3 1864 S6S M HI 196B 
H f . 1.4. Tbe1-lie<kfraarf at tunuueiaveTmiental terms, 1M1-I 

1969 
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The variation between locations was highly significant (P ) 99.95%). As in 

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

variation between locations. 

Fig. 8 .4 shows the Y -background in four groups of sampling stations 

since 1962. The fact that stations with a low fall-out rate and a high clay 

content in the so i l (Abed, Blangstedgard and Tystofte) show higher Y-levels 

than stations with a high fall-out rate and a low clay content (but a high sand 

content) (Studsgård, St. Jyndevad and Askov) was discussed in RisO Report 

No. 154 1) 

8 .4 . 2. The RisO Environment 

Y-oackground measurements were performed in the five zones round 

Riso in February, May, August, and November. The measurements were 

carried out at the locations where grass and soi l are collected (cf. f igs. 

3 . 1 . 2.1 and 3 . 1 . 2. 2 (the coloured map)). 

Table 8 . 4 . 2.1 shows the results and tables 8 .4 . 2. 2 - 8 .4 . 2.6 the 

analysis of variance. 

Table 8.4.2.1 

(pR/h) in Ifae ftye zona* around RisB in 1969 
BieB zone 
{cf. coloured 

• map) 

I 

Ktan 

II 

Koaa 

III 

Kaaa 

Location 

1 

2 

3 

Feb. 

9.3 

7.5 

15.2 

9.0 

(8 .9 ) 

10.0 

6.0 

7.6 

6.6 

7.2 

6.9 

6.9 

6.0 

6.3 

6.6 

6.5 

Maj 

6.4 

6.4 

19.3 

9 .6 

8.3 

9.8 

6.1 

6.4 

5.0 

7.6 

6.5 

6.7 

( . 4 

6 .4 

6.1 

6.4 

A«,. 

9.2 

0.3 

12.7 

10.0 

9.2 

9.9 

8 .0 

9.2 

7 .1 

8 .3 

8.2 

8 .9 

7 .4 

8 .9 

7 .4 

a.2 

Nov. 

8.2 

7 .8 

19.9 

9 .1 

9 .4 

10.7 

6.7 

6.4 

6 .4 

7.6 

6 .8 

6.7 

6 .4 

6 .4 

6.4 " 

6.9 

Mew 

8.3 

7.5 

16.5 

9.2 

9.0 

10.2 

6.7 

7.5 

6.5 

T.7 

7.1 

7 .0 

«.J 

^.^m^^ånémildåÆH! 



TabU 8.4.2.1 

Y-background (all h) in the five zones around Rise in 1969 

RisO zone 
(cf. coloured 
map) 

IT 

-
-
-
-
-
-
-
Hoan 

V 

-
-
-
-
-
-
-
-
-
-
-
Keen 

Location 

1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Feb. 

6.0 

6.3 

6.6 

6 .0 

6.6 

6.3 

7.2 

7.8 

6.6 

6.6 

6.3 

7.2 

6.6 

7.5 

6.6 

6.9 

8.4 

7.5 

6.6 

7.5 

7.8 

7 .1 

May 

6.1 

6.4 

6.4 

5.4 

6.1 

5.8 

6 .1 

6.4 

6 .1 

6.4 

6.4 

6 .4 

6 .1 

7.3 -

6 .4 

6.4 

6.7 

6.4 

6.1 

6.7 

6.4 

6.5 

A«(. 

7.7 

8.3 

7.4 

7.7 

7.7 

6.5 

7.4 

7.7 

7.6 

6.8 

7 .4 

5.9 

7.4 

8.9 

7.7 

8.3 

8 .0 

8.3 

7 .1 

7.7 

8 .0 

7.6 

Nov. 

6 .1 

7 .0 

7 .0 

6 .1 

6.4 

6.4 

6 .1 

6 .1 

6 .4 

6 .1 

6.7 

6.4 

5 .8 

7 .0 

6.7 

7 .0 

7.3 

7 .0 

6.7 

7 .0 

6.7 

6.7 

Mean 

6.5 

7 .0 

6.9 

6.3 

6.7 

6.3 

6.7 

7 .0 

6.7 

6.5 

6.7 

6.5 

6.5 

7 .7 

6 .9 

7.1 

7 .6 

7 .3 

6.6 

7 .2 

7 .2 

7 .0 

Table 8.4.2.2 

Analysis of variance of Ine results from table S. 4.2.1, soneUUaø 

Variation 

Set*-, locations 

Bats, months 

Rsmsladnr 

SSD 

212.9720 

2.3313 

36.5387 

f 

4 

3 

11 

.» 
53.2430 

0.7771 

3.3217 

v» 

16.03 

0.23 

P 

»9.95>» 

-

n - 0.16 

j^A 
a * i > t t U a > a M > 1 W B a a u a » n » > a > a a > > a 
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Aaaly*U of v v i u w a o f thtrMolts from tabl«3.4 .2 . l , sone II Riso 

Variation 

Bet*, location« 

Betw. mefime 

Remainder 

SSD 

3.7?62 

7.0357 

3.2717 

t 

3 

3 

9 

.» 
1.2421 

2.3452 

0.3635 

^ 
3.42 

6.45 

P 

-
>9T.5jl 

* « 0.09 

Table8.4 .2 .4 

Analysis of variance of the results from table 8 .4 .2 .1 , zone m AisO 

Variation 

Betw. locations 

Betw. nuntbs 

Remainder 

SSD 

1.7286 

9.0691 

1.6689 

f 

3 

3 

9 

s 2 

0.3762 

3.0230 

0.1854 

v2 

3.11 

16.30 

P 

-
>99.9)l 

a s o.o« 

I 

i 
Table 8 .4 .2 ,5 

Analysis of variance of the results from table 8 .4 .2 .1 , zonelVRiso 

Variation 

Bet«, loeattona 

Betn*. nuolni 

Remainder 

SED 

2.346« 

10.6458 

4.1022 

1 

7 

3 

21 

.» 
0.3352 

3.5486 

0.1953 

^ 
1.72 

18.17 

P 

-
>99.95* 

a > 0.B7 

Table 8 . 4 . 2 , * 

Analysis of wrlsace of the results from table 8 .4 .2 .1 , soneVBiaS 

VOrmtfon 

Bvnr. loeattons 

M e . . « * . 

" « • • • 

SBD 

8.5051 

* » , j s»?-

r.iar • 

t 

u • 

J.;-

— - j c ~ 

.» 
0.T7J2 

-?inm-

B.mi -

r» 

4.31 

- * I J » ~ -

P 

M J . S * 

>V».9M 

. • 0.06 

.t r..^,.aAMAa&a...«. - « ^ . . . - A a , 
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In all locations in zone I and in location 2 in zone 11 the Y-background 
was increased because of the various radiation source* at the research 
establishment. The weighted annual mean for zones 1I1-V was 6. 9 nR/h, 
i. e. a little higher than found for the State experimental farms in table 
8,4.1.1, In zone 1 the surplus activity from the research establishment 
was 10. 2 - 6. 9 ~ 3. 3 uR/h (in 1 967: 4.0 and in 1 968: 3. 9). A man working 
in the open in the RisB area 40 hours a week for 45 weeks a year would thus 
get a surplus dose of 6 mR/year from the research establishment. 

The background activity was highest in August (cf. 3. 2.1 and 3. 3). 

T»W«8.4.3.1 

Y-background (|iR/h) around a location in Zealand in 1969 

Zone and sector 

A 2 

A 3 

A 4 

A 5 

A 6 

A 7 

A B 

A 9 

Sean 

B 1 

B 2 

B 3 

B 4 

B 5 

B 6 

B 7 

B 8 

• 9 

» 1 0 

. . Ktta 

Jan. 

6.6 

5.4 

7.2 

7.2 

6.6 

7.5 

6.9 

7.5 

8.7 

7.5 

. 7jS 

Apr. 

7 .4 

9 .4 

7 .8 

7 .4 

8 .0 

7.2 

8 .1 

9 .0 

7.4 

7 .4 

7 , » . 

July-

6.5 

7 .1 

7.4 

7.7 

7.2 

7.4 

7 .1 

7 .1 

8 .0 

7 .1 . 

7.J 

Oct 

7.3 

8.2 

7.6 

7 .0 

7.6 

7 .0 

7.6 

7 .0 

7 .0 

7.8 

7.J 

Mean 

7 .4 

6.6 

8 .8 

6 .3 

7 .8 

7.3 

7.2 

7.5 

7 .4 

7 .1 

7 .5 

7 .9 

7 .0 

8 .0 

7.3 

7.2 

8 .4 

7 .6 

7 .1 

1.5 



83 

Table 8.4. 3.1 

Y-background (uR/h) around a location in Zealand in 1969 

Zone and sector 

C 1 

C 2 

0 3 

c * 

0 5 

C 6 

0 7 

c e 
C 9 

C 10 

C 11 

c 12 

Eean 

S 1 

0 2 

D 3 

> 4 

S 5 

D 6 

11 7 

D 8 

J> 9 

0 10 

D 11 

S 12 

Kean 

Jan. 

6.0 

6.0 

7.5 

7.8 

6.9 

8.7 

7.2 

6.9 

6.9 

7.5 

7.2 

.8.7 

5.4 

7 .1 

Apr. 

7.4 

7 .* 

8.1 

7.2 

7.4 

7.2 

7.5 

8.7 

8.7 

7 .8 

7.2 

6.8 

7.2 

7.7 

July 

5.9 

6.5 

6.5 

7.7 

7.1 

7.1 

6.B 

7.1 

6.8 

7 .1 

7.7 

8.3 

5.4 

7.1 

Oct 

6.7 

7.8 

6.7 

7.6 

7.8 

6.1 

7.1 

5.8 

7.8 

7 .8 

7.0 

7.3 

7.0 

7.1 

Mean 

6.0 

7.1 

6.3 

7.6 

7.0 

7.4 

7.B 

7.4 

7 .0 

7.6 

7.9 

6.7 

7.2 

7.3 

7.0 

8,3 

6.9 . 

7.6 

7.3 

7.1 

7.5 

7.1 

8.5 

7.1 

5.4 

7.J 

8.4.3. A Location in Zealand 

As it is important to have knowledge of the preoperational radiation-
levele of a nuclear power plant, it waa in 1967 decided to Initiate auph 
measurement! at a location in Zealandland one in Jutland) which might be 
used for nuclear power plants is the future. 

The area around the location was divided into four zones: A, B, C, and 
D, with radii of 9, 10, 19, and 20 km respectively. The zone* were each 

M 
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divided into 12 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 
7.4 jiR/h. An analysis of variance (table 8.4. 3. 2) showed no significant 
difference between zones, but probably between sectors (P ) 97.5%). 
Sectors 1 and 12 showed lower levels than the other sectors. April showed 
higher levels than the other months. 

Table 8 .4 .3 .2 

Analysis of variance of the results in table 8.4.3.1 

Effect 

Hain 

2-factor 
inter
action 

3-faetor 
interaction 

Source 
Months 

Zones 

Sectors 

Mon.xZon. 

Zon.aSec. 

SeczMon. 

Hon. xZon. 
z S e c 

SSD 

5.6829 

1.1680 

11.4634 

1.3162 

6.4351 

4.3083 

6.1456 

f 

2 

3 

11 

6 

27 

20 

14 

.* 
2.8415 

0.3893 

1.0421 

0.2194 

0.3124 

0.2154 

0.4390 

*** 
6.20 

0.85 

2.28 

0.50 

0.71 

0.49 

P 

>99.5ji 

-
>97.5* 

a - 0.09 

* Kun effects tested against * e total interaction 

2-fador interaction tested against 3-factor interaction 

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 7.2 uR/h, i , e. nearly the 
same as in 1967 and 1 968. An analysis of variance showed higher levels in 
April than in the other months. Sector 9 showed levels probably lower than 
the other sectors. , 
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Tabte i.*.4.1 

Y-twckgrond fcH/h) i r a a i i loaatto« In J tOwl te 1 K t 

Z O M Andscctar 

& 1 

1 2 

1 3 

A 4 

1 S 

A 6 

1 7 

A e 

A 9 

A 10 

A 11 

A 12 

> M B 

I 1 

> 2 

• 5 

B 4 

• 3 

B 6 

» 7 

B 8 

B 9 

B 10 

B 1 1 

B 12 

Kun 

April 

-
8 . 7 

-
5.S 

-
5 . 6 

-
e.a 

-
7 . « 

-
8 . 7 

7 . 2 

8 . 4 

-
7 . 4 

-
S . 4 

-
7 . « 

-
6.a 

-
7 . « 

-
7 . « 

jut? 

7 . 1 

-
7 . 6 

-
7 . 5 

-
7 . 1 

-
6 . 5 

-
7 . B 

-
7 . 4 

. 
7 . 5 

-
. 6.5 

-
7 . « 

-
7 . 1 

-
6 . 8 

1 7** 
7 . 2 

on. 

-
7 . 8 

-
6 . 1 

-
6 . 4 

-
6 . 4 

-
6 . 7 

-
7 . 3 

6 . 8 

7 . 5 

-
7 . 6 

-
7 . 3 

-
7 . 3 

-
7 . 0 

-
7 . J 

-
7 . 3 

-
7 . 1 

B . 3 

7 . 8 

5 . 8 

7 . 5 

6 . 1 

7 . 1 

6 . 6 

6 . 8 

7 . 5 

7 . 8 

B . 0 

7 . 2 

7 . 9 

7 . 5 

7 . 5 

6 . 5 

7 . 9 

7 . 8 

7 . 6 

7 . 1 

6 . 9 

6 . 8 

7 . « 

7 . 5 

7 . 4 
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Table ».4.4.1 

Y .background QiR/n) around a location in Jutland in 1969 

Zone and sector 

0 1 

C 2 

0 3 

0 4 

C 5 

C 6 

0 7 

C 6 

0 9 

C 10 

C 11 

C 12 

Kean 

D 1 

11 2 

II 3 

D 4 

» 5 

1 f 

t 7 

0 8 

S 9 

J 10 

0 11 

1 12 

Xtan 

April 

S.4 

8 .4 

7 .4 

7 .8 

6 .8 

8 .1 

7 .8 

8 .1 

7 .4 

6.5 

7 .8 

7 .4 

7 .4 

7 .4 

July 

6 .8 

5 .8 

6 .5 

7.B 

5 .8 

6 .2 

6 .5 

6 ,8 

7 . 1 

6 .8 

6.2 

6 = 5 

6.5 

6.7 

Oct. 

7 . 3 

7 .8 

6 .4 

6 .7 

7 . 0 

7 . 3 

7 . 1 

_ 7 . 0 

7 . 3 

6.7 

7 . 3 

6 .4 

7 . 0 

7 . 0 

Mean 

6.8 

7 .9 

5 .8 

8 .1 

6.5 

6 .9 

7 .8 

7 .3 

5 .8 

6 .9 

6.2 

7 .7 

7 . 0 

7 .6 

£ .8 

7 .4 

7 . 1 

£ .6 

6 .8 

7 .« 

6 .2 

6 .9 

6 .5 

7 .2 

6 .5 

7 .0 
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Table S.4.4.2 

Analysis of variance of the results In table 8.4.4.1 

Effect 

Main 

2-factor 
inter
action 

3-factor 
interaction 

Source 

Months 

Zones 

Sectors 

Hon. x Zon 

Zon. a See. 

Sec.xMon. 

Mon. xZon. 
xSec . 

i) • 0.07 

(cf. remarks to table 8.4. 

55D 

5.4514 

1.6121 

8.0460 

0.3493 

13.6284 

1.6404 

2.3657 

3.2) 

f 

1 

3 

11 

3 

33 

10 

10 

s J 

5.4514 

0.5374 

0.7315 

0.1164 

0.4130 

0.1640 

0.2366 

v 2 

14.75 

1.45 

1.98 

0.49 

1.75 

0.69 

P 

>99.95* 

-
95* 

-
-
-

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-Burvey of the coastline along the Great 
Belt has therefore been initiated. Table 8*4« 5.1 shows the results and 
table 8.4. 5. 2 the analysis of variance. The levels were a little lower than 
those found in other parts of the country. The annual mean was 6. 0 uR/h. 

It is remarkable that the lowest Y-background levels are found near the 
sea. This was also the fact in the case of sectors 1 and 12 in 8.4. 3 and of 
sector 9 in 8.4.4. 

Table 8.4.5.1 

Hie Y'Dsekground (sR/h) along the coasts of tht Great Belt in 1Saw 

Agersø 

f)ms Bored 

•«*•» 

Tab. 

6.0 

5.7 

5.7 

6.9 

7.5 

5.4 

5.7 

6.3 

«.< 
f.f 

5.1 

May 

4.5 

4.5 

4.5 

5.8 

8.1 

J.S 

4.5 

5.1 

5.4 

5.4 

4.5 



T«ble8.4.5.a 

Analysis of variance of the results in table 8.4.5.1 

Variation 

Betw. locations 

Betw. mandv: 

Remaindar 

SSD 

8.9147 

11.7800 

6.08O5 

f 

t 
3 

30 

•2 

1.2735 

3.9267 

0.2027 

»2 

6.28 

19.37 

P 

>99.95* 

>99.95|l 

, . o.oa 

9. CONCLUSION 

9. t. Risd Environmental Monitoring 

No radioactive contamination of the environment originating from the 
operation of the research establishment was ascertained outside Riso in 
1 969. As in the previous years, the variations in contamination levels were 
quite independent of the distance of the sampling locations from Riso. 

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

The mean content of Sr-90 in air collected in 1 969 was 0. 0014 pCi 
Q 

Sr-90/m , i. e. equal to the 1 968 level. The average fall-out for the State 
2 

experimental farms in 1 969 was 1. 0 mCi Sr-90/km or 40% lower than the 
1 968 figure, and the mean concentration of Sr-90 in rain water was 2, 2 pCi 
Sr-90/1, i. e. nearly equal to the 1968 level. 

The accumulated fall-out by the end of 1 969 was approx. 50 mCi Sr-90/ 
km2. 

The median level of Sr-90 in Danish ground water was 0.017 pCi Sr-90/1. 
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. 

9.3. Sr-90 and Cs-137 in the Human Diet 

The mean level of Sr-90 in Danish milk waa 7.2 S U., and the mean 
content of Cs-137 was approx. 18 pCi Ca-137/1. 

The 1969 Sr-90 and Cs-137 levels were 851!, of the levels found in milk 
produced in 1968. 



The Sr-90 mean content in grain from the t 969 harvest was 44 pCi 
Sr-90/kg. The Cs-1 31 mean content in grain was 40 pCi Cs-1 37/kg. The 
Sr-90 level in grain from the 1 969 harvest was approx. 10% lower than the 
level found in the 1 968 harvest, and Cs-137 was approx. two thirds of the 
1 968 level. 

The mean contents of Sr-90 and Cs-137 in Danish vegetables collected 
in 1 969 were 13 pCi Sr-90/kg (33 S. U.) and 6.4 pCi Cs-137/kg respectively, 
and in fruits 2. 6 pCi Sr-90/kg and 11 pCi Cs-137/kg; potatoes contained 
3.9 pCi Sr-90/kg and 7 pCi Cs-137/kg. 

The mean levels of Sr-90 and Cs-1 37 in total-diet samples collected in 
1 969 were 9. 0 S. U. or 1 5. 8 pCi Sr-90/day and 28 pCi Ca-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 8.3 S. U. and the Cs-137 intake 
to be 38 pCi Cs-1 37/day. The Sr-90 and Cs-137 levels in the Danish total 
diet consumed in 1969 were nearly equal to the 1 968 levels. 

Grain products contributed 36% and milk products 38% to the total Sr-90 
intake, and 30% of the Cs-1 37 in the diet came from meat, 28% from grain 
products and 1 9% from milk products. 

The Sr-90 as well as the Cs-137 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 1969 was 
1 .2S.U. in new-born children, I .8S .U. in infants, 1. 9 S. U. in children 
and teen-agers, 1.4 S. U. in adults ( 2 0 - 2 9 years old) and 1. 3 S. U. in adults 
of more than 29 years. The I 969 bone levels for all age groups were lower 
than the 1 968 levels. 

The mean content U Cs-137 in the human body in 1 969 was estimated 
from whole-body countings to be 5.6 nCi (40 pCi Cs-137/g K), i. e, approx. 
85% of the 1968 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 1869, i. e. nearly the same as the 19UL and 1M7 Intel*. 

9.6. The V-Background 

The Y-background'measured at the SjaUj^BtoettHO^immriji 1968 

was 8.3 pH/h. 
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9.7. Summary 

The Chinese thermo-nuclear test explosions in 1 967-68 have stopped 
the rapid decrease of the environmental Sr-90 and Cs-137 levels observed 
in the first years after the test moratorium. 

The concentrations of long-lived fall-out nucleides in ground-level air 
and precipitation collected in 1 969 were nearly equal to the levels found in 
1968. 

In milk produced in 1969 the Sr-90 and Cs-t 37 levels were a little 
lower than the t 968 levels. In grain from 1 969 the levels were somewhat 
lower than the 1 968 concentrations, but nearly equal to the 1967 concentra
tions. 

The Sr-90 and Cs-137 levels in the total diet consumed in 1 968 were 
nearly equal to the 1 968 concentrations. 

The Sr-90 concentrations in human bone were lower in 1 969 than in 1 968. 

APPENDIX A 

CklctOatad Fcll-ont in ttt« Eight ZOOM in 1969 

Zone 

1: N. Jutland 

II: E. Jutland 

HI: W. Jutland 

IV: S. Jutland 

V: Fines 

VI: Zealand 

VII: Lollaad-Falater 

VHI: Bornholm 

Araa-wefghted mean 

precipitation 
In i M9 

612 

S00 

713 

620 

559 

469 

516 

494 

600 

mCi Sr-90/km2 

in 1969 

1.8 

1.4 

1.5 

1.3 

0.8 

1.2 

0.7 

1.3 

1.4 

Accumulated 
mCi Sr-90/km2 

by the end of 1969 

53 

40 

59 

00 

41 

40 

50 

44 

49 

Tb* ammi^ ot ^md^iåMiM MUT* «bWta»i tnm nt, i. The fall-oat rrnta 
in 1H* WM calcalatod bom tabla 4.1.1 CAekov w u locladad » botb sone 
HI and son« IV) and from the amount* of pracinttttfen In the eonee. Th» 
aecumunitod fall-out in tfaa soaea waa eatadatad from tablae 4.2.1 and 
4.1.1 on Ina aaanmption that tha 8r-90 Mil lerela on th»fai»na«ex* r t -
praaantattve «* * • sones in which ft« l l t n i were located. 
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APPENDIX B 

Statistical Information 

Zona 

1* * X. Jutland 

H: S . Jutland 

DI: W. Jotlaad 

IV; S. Jutland 

V; F a u n 

VI: Zealand 

VJX: LoUaad-Falater 

i m : Bornholm 

Total 

i , Vt% 000 paople wai 

;**<|Wy WttcHttural hol 

Area in 

km2 

14) 

7,544 

7,338 

10,764 

3,964 

3,482 

7,542 

1,798 

588 

43,020 

vlMnff i i 

Idinga ww 

Population 
In thousand! 

14) 1805 

SI 5 

784 

579 

230 

425 

2.055* 

129 

49 

4,766 

Annual milk 
production 
In mega-kg 

15) 1967 

1.117 

1,380 

976 

515 

494 

604 

96 

62 

5,244 

Annual wheat 
production 

In mega-kg 
14) 1966 

94 

306 

400 

Annual rye 
production 
In xnaga-kg 
14) 1986 

80 

56 

136 

Annual potato 
production 

in mega-kg 
14) 1966 

853 

11 B 

972 

i Greater Copenhagen and 877,000 In the remaining part of Zealand* 

•e Included. 

Vegetable*" 
area In 

tan2 

18) 1961 

84 

25 

89 

88 

Fruit arei 
in km2 

1 6) 1 961 

18 

38 

45 

101 
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APPENDIX C 

The agreement betveen observed and predicted l eve l s i s acceptable for 

most samples . Grain i s ar„ exception; the explanation has been given in 5 . 3 . 

The predicted Sr-90 levels in milk, total diet and human bone are al l higher 

than the observed l eve l s , perhaps owing to a m o r e rapid decrease in the 

availability of old Sr-90 from soi l than in more recently deposited Sr -90 . 

Allowance for this decreasing soi l uptake could possibly be made by the 

introduction of an exponential correction term to the so i l factors in the 

equations; however, more data are needed for the calculation of such a 

correction. 

AppendUC 

A comparison between observed and predicted levels 

in die taman food chain in Denmark in 1969 

Nuclide and sample 

S. 0 . in milk 

M.U. in milk 

S. H. in rye 

S. U. in barley 

S.U. in wheat 

S. U. in onto 

pCiCe-137/kg rye 

pCi Ca-117/kg barley 

pCi Cs-137/kg wheat 

pCi Ca-137/kg oats 

pCi Sr-90/kg potatoes 

pCi Cs-137/kg pomtoei 

pCi Sr-90/kg cabbage 

pCi Sr-90/kg carrots 

pel Cs-137/kg beef 

pCiCs-137/kgpork 

S.U. In diet 

pCi Cs-137/day in diet 

S.U. in newborn bona 

S.U. in adult vertabrM 

K.V. to adult body 

Ob
served 

7.3 

».7 

39 

64 

M 

4« 

59 

31 

38 

31 

3.9 

7 

10 

17 

75 

7« 

9.0 

a 
1.1 

1.9 

40 

Pre
dicted 

>. a 
9.1 

102 

94 

114 

57 

77 

<0 

53 

49 

3.4 

6 

13 

15 

75 

76 

9.5 

90 

1.4 

1.9 

40 

Equation used lor the prediction 

S. u. -0 .92 d(i) + 0.61 d<i-l) * 0.13 A by(i-1) 

M.".-3 .65d(l ) + 1 .59d( i -0- t 0.057Abyft-1} 

S. U. * 192 d(j-a)"-t- 0.91 A by(i-l) 

S.U. *134dfj-B)+ 1.05 Aby(i-1) 

S.U. • ! 5 7 d U - » ) + 1 .30Aby( l - l ) 

S.U. « 6 7 d ( j - a ) + 0.72Aby(i-1) 

pCi Ca-137/kg = 129 d|m-a) 

pCi Cs-197/kg * 97 dpn-a) 

pCi Ca-137/kg • 86 d|m-a) 

pCi Co-137/kg - 90.5 d(m-a) 

p C i S r - 9 9 / k g ' 0 . 1 7 d ( l ) + 0.059 A by(i-l) 

pCiCs-137 /kg-5 .45df i ) 

pCi Sr-90/kg • 0.44 d(i) • 0.24 A by(i-l) 

pCi Sr-99/kg • 0. SO <Ki) + 0.27 A byd-1) 

pCi Cs-l37/kg»34.9d(i)»2.9d(i- l)»0.94Aby(i-l) 

pCi Cs-137/kg»34.9 d(i)* 22.4 d(i-l )f 0.15 Aby(i-I ] 

S.D. • 0.92d(I) + l . 4 l d | l - l ) + 0 . 1 2 4 A b y ( i - l ) 

pCiCs-137/day7 .8a l l )+11 .6d( i -1>»5.1d( l - l ) 

S.U.-0.169 d t y j i U o . 03! d0-3>»9.021 Aby(l-I) 

S. V. "0.0M5 d S ^ l t 0.059d(l-2)* 0.032 Abyd-I) 

I l . U . - I . O o f i ^ O r 5. ld(i-S)+ 0.43 Abyfl-1) 

Uno prodletton model« wars ftslmlslan trom dam collsetld 1 Osa-aa1 *|, 
* is the fall-out rate in mta Sr-90/km'. A is me accumulated fall-out in mCUr-M/km' 
(lllameeurrentyear. r^lj the year beforo eto. (J-a> I« Jshr-Aumol and Im-al Is 
Kay-AugasL 

ÉsmuunTjluu9llu>un>^ 
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