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Abstract 

The present report deals with the measurement of fall-out 

radioactivity in Denmark in 1976. Strontium-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, and human bone. 
90 

Furthermore, Sr was determined in local samples of air, rain 

water, grass, sea plants, fish, and meat. Caesium-137 was de­

termined in soil, sea water, milk, grain products, potatoes, 

vegetables, fruit, total diet, fish, and meat. It was also 

measured by wholebody-counting of a control group at Risø. 

Estimates of the mean contents of radiostrontium and radio-

caesium in the human diet in Denmark during 1976 are given. 

The y-background was measured regularly at locations around 

Risø, and ten of the State experimental farms. The marine 
137 

environments at Barseb&ck and Ringhals were monitored for Cs 

and corrosion products. Finally the report includes routine 

surveys of environmental samples from the Risø area. Results 

of plutonium determinations in soil and sediments from 1975 and 

in grain from 1963 and 1965 are presented in this report. 
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FF fission products 
fCi featocurie 10" 1 5 Ci 
pCi picocuri«, lo" 1 2 Ci, uyCi •: saa water 

aCi aanøcurie, 10~* Ci, auCl J: soil 
•Ci alllicurie, 10~ 3 Ci L: air 

permissible concantration •: bad soil 
c/tein counts par ainnt* A: sal 
d/ain disintagrations par ainata FGs grass 
c/h counts par hour PB: saa plants 
yR nicro roentgen, 10 roantgan D: drain water 
S. O. pCi Sr/g Ca S s waste watar 
O.R. obsarvad ratio R: precipitation 
P.O. pCi 137Cs/g K M: »ilk 
V 

• M i a 
f faaala 
nSr natural (stabl«) Sr 
eqv. ugU equivalents ug uraniun: activity as from 1 pg U 

Cv90 d/h) 
eqv. mq K d aguivalants ag KCl s activity as from 1 ag KCl 

(MK 88 d/ain) 

»s / rr^ 

A (x-x. 

) 2 

S.D. standard daviation: / J n-H 

S.E. standard ar ror: / — * u 

U.C.L. uppar control level 
L.C.L. lower control level 
a one standard daviation dua to counting 
8.S.D. sum of squares of daviation: EOt-x^ 2 

f degrees of freedon 
s variance 
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v ratio between tba variance in question and the 
residual varii 

P probability fractile of the distribution in question 

n coefficient of variation, relative standard deviation 

annova analysis of variance 

A relative standard deviation 20-33% 

• relative standard deviation > 33%, such results are 
not considered significantly different fron sero activity 

s.D.L. below detection linit 

In the significance test the following synbols were usedi 

• s probably significant (? > 95%). 

** : significant (P > 99%). 

***: highly significant fP > 99.9%) 
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1 . URMDUUCTION 

1 . 1 . 

The present report is the twentieth of a series of periodic 

reports (cf. ref. 1) dealing with measurements of radioactivity 

in Denmark. The programme is unchanged as compared with 1975, 

but some samples (dried milk, grain, bread, vegetables and fruit) 

have due to low levels been pooled before analysis. 

1.2. 

The Methods of radiochemical analysis2'41 and the statisti­

cal treataent of the results are still based on the principles 

established in previous reports . 

1.3. 

The report does not include detailed tables of the total 

^-measurements froa the environmental control of the Rise site. 

These tables are available in the fora of aicrocards at the Rise 

library. 

1.4. 

The report contains no information on sample collection 

and analysis except in the cases where these procedures have 

been altered. 

1.5. 

In 1976 the personnel of the Environmental Control Section 

of the Health Physics Department consisted of one chemist, ten 

laboratory technicians, two sample collectors, and two labora­

tory assistants. The Section for Electronics Development con* 

tinued to give assistance in the maintenance of the counting 
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equipment sod is too interpretation of tte yspectre. Tte 

proerso (cf. 2) osoi is tte eslcolstioss of "sr ss< tb« y-

snsiysis, ss well ss tte proer&si for osts treatment, were 

developed by this ssetios. 

l.€. 

1te composition of tte averse* Ossish diet vssd is this 

rsport is identical with ttet pioposod is 19*2 by Professor 

I. BOffoJOrOSASSB« Ph.D. 
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2. ORGANIZATION AND FACILITIES1'6'7'8* 

Four Ge-(Li)-detectors and an 8 inch Nal(TL)-detector used 
for whole-body measurements each connected to a 1024-channel 
analyzer are available. Eight detectors for alpha spectrometry 
are connected to two 256-channel analyzers. 

A computer program, STATDATA ', is available for the treat­
ment of the results of this report (and the results of several 
other projects). The program checks and stores the data, prod-
uses lists, tables and plots and calls separate programs for 
analysis of variance and regression, etc. The principle for 
registering the data is the assignment of 6 parameters to each 
result or set of mulitple results. These parameters are: 

Isotope (or code for ^'backgroundf etc.) 

Sampling date 

Sample type 

Sampling location 

Quality of measurement (relative standard deviation) 

Unit of results 

followed by: 

Number of results 

Results. 

Routines for treatment of y-spectra and for calculations 

on empirical prediction models (app. C) has been included in 

programme. 

To date approximately 40000 sets of results have been 
registered covering the period from 1957. However, a number of 
results still remains unregistered. 
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3. ENVIRONMENTAL MONITORING AT RISØ IN 1976 

3.1. Gross 0-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 H I in 1976 was 58 eqv. rag KCl/2.5 g (in 1975: 56), for 

H III-VI: 55 eqv. rag KCl/2.5 g (in 1975: 53) and for H VII-X: 

55 eqv. mg KCl/2.5 g (in 1975: 54). Fig. 3.1.1.3 shows the 

mean levels of radioactivity in sea salt since 1957. 

Fig. 3.1,1.1. Ro.kild« Fjord. 
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Fig. 3 . 1 . 1 . 2 . Control chart for HI, 1976. 
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Fig. 3 . 1 . 1 . 3 . Mean radioact iv i ty 
in sea water 1957-76. 

3 . 1 . 2 . S o i l 

No soil samples from the environment of Risø were measured 

for total p-activity in 1976. 

file://z:/-j-
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Pig. 3.1.2,1. Rit* National Laboratory. 

3.1.3. Air 

Fig. 3.1.3.1 shows the diagram for FP activity in air 

samples in 1976. The mean value for the year was 0.15 egv. mg 
3 •* 

KCl/m as compared with 0.18 eqv. mg KCl/nr in 1975. 
Fig. 3.1.3.2 shows the mean FP levels in air since 1957. 
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Tig. 3 . 1 . 3 . 1 . Control chart for LP, 197*. 
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rig. 3.1.3.2. Ntan radioactivity in air, 1957-7«. 
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3.1.4. Bed Soil fro« the Fjord 

The aean activity in bed soil B I was 136.5 eqv. mq KC1/ 
3.0 g ash in 1976 as compared with 143 eqv. »g KCl/3.0 g in 1975. 

Pig. 3.1.4.1 shows the Mean levels for B I since 1957 (cf. also 

3.4). 

\m 
9mmmt>mammmammnn n nnnn 

mi 
n « . 3 .1 .4 .1 . HBM radioactivity in bed s o i l , 1957-7*. 

3.1.5. Fish 

No fish samples from Roskilde Fjord were measured for total 

0-activity in 1976. 

3.1.6. Grass 

The nean values were in 1976 for PG I: 15 eqv. mq KCl/0.1 
g grass ash (in 1975: 14), for PG II-III: 20 eqv. og KCl/0.1 g 

(in 1975: 11) and for PG IV-V: 10 eqv. mq KCl/0.1 g (in 1975: 7). 
Fig. 3.1.6.1 shows the Mean activities in grass ash since 1957. 

ISO 

tso 



- 17 -

sot 

• P» i 

+ PS I-I 

. * • * • * " * 

I I I P I I I I I I I I I I I I I I i i 

n N M H t l ] l ) K B K t 7 n W n ) l 72 TI K ft TC 
Fig. 3.1.6.1. Mean FP-radioactivity in grass ash, 1967-76. 

3.1.7. Sea Plants 

The mean FP level in 1976 in Fucus vesicolosus (PH I) was 

2 eqv. mg KC1/0.1 g ash (2 in 1975). In Zostera marina (PH III-

IX) we found 2 eqv. mg KC1/0.1 g ash in 1976 (1 in 1975). 

3.1.8. Fresh Water 

Fig. 3.1.8.1 shows the control chart for S (cf. fig.3.1.2.]) 

The yearly means for D I, D II, D IV, and S in 1976 were 17 eqv. 

mg KCl/1 (1975: 18), 19 eqv. mg KCl/1 (1975: 14), 42 eqv. mg 

KCl/1 (1975: 55), and 46 eqv. mg KCl/1 (1975: 35) respectively. 

Fig. 3.1.8.2 shows the activity in drainage water (D) and sewage 

water (S). 
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Fig. 3 . 1 . 8 . 1 . Control chart for sewage water (S) 197C. 
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rig. 3.1.8.2. Mean radioactivity in 1976. 
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3.1.9. Rain Water 

Figs. 3 .1 .9.1 and 3.1.9.2 show the specif ic FP level in and 
the total fal l -out from rain water collected daily at Ris# in 
1 • rain collector in 197«. The total fal l -out in 197S 

sured at 0.C14 * 10* egy. m§ WCl/m , and the annual 
centration in rain water at Rise 42 «qv. 1C1/1. 

ccn-
In 1975 

the corresponding figures were 0.000 * 10 and 10 respectively. 
Fig. 3.1.9.3 shows the specific act ivity in rain water since 

1957. 

•»••Ran 

«. l i n t T* -ilk -r 
ML J _ ^ _Lu,_ 

i*,m 

I3 
i h ! 

s 
ft 

i 
il 

i i l 

i. 

\å i 
j ' r ' m ' å k ' m ' i ' i ' å k ' S ' O ' M ' O 

f i« . 3 .1 .9 .1 . Concentration of 0-activity in precipitation in 197«. 
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Fif. 3.1.9.2. Total fall-oat fro« precipitation in 197«. 

i* 

Fi«. 3.1.9.3. Specific activity in precipitation, 1957-76. 
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3.2. Radiochemical B-Analysis 

3.2.1. Air 

,D The "big air sampler" described in Risø Report No. 23 has 

a shunt through which the air volume is detemined. As in 

previous years, both the shunt filter (I) and aliquots cut out 

of the siain filter (II) were analysed to see whether activity 

levels were identical in the two filters. As I/II * 1.14 - 0.08 

(1 SE), we still concluded that the two filters showed the same 

levels. The mean air activity level for 1976 is reported as the 

mean of the glass-fibre filter collection and the daily paper 

filter sampling: 0.21 - 0.07 pCi 90Sr/103 m3, i.e. a quarter of 

the 1975 level. The mean peak activity of the three collections 

in 1976 was measured in June at 0.39 pCi 90Sr/103 m3. 
On 

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

Table 3.2.1.2 shows the presence of fresh fall-out from a 

Chinese atmospheric explosion on 26 September 1977. The cor-
89 90 

rected ratios indicate a Sr/ Sr at formation in the range of 
145-185, i.e. equal to the expected value. 

,Cr "»./lO*-.' 

"•'W'W'M'W'M '»I'U'W'H'M'W'M'M'W'"?! •n'n'n'n'n' 

Fig. 3.2.1.1. Quarterly 90Sr level« in air, 1957-76. 
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Table 3 . 2 . 1 . 1 

StrontiuB-90 in a ir co l l ec ted at Ris« i n 1976 
pCi »°Sr 1 0 " V 3 

Month 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

1976 

Daily a ir f i l t e r s 

Paper 

0.165 

0.205 

0.193 

0.189 

0.297 

0.318 

0.250 

0.197 

0.122 

0.204 

0.194 

0.124 

0.205 

Monthly a ir f i l t e r s 
(g lass - f ibre f i l t e r s ) 

I 

0.102 

0.162 

0.223 

0.180 

0.377 

0.417 

0.416 

0.275 

0.099 A 

0.158 

0.188 

0.090 

0.224 

II 

0.083 

0.122 

0.125 

0.173 

0.359 

0.423 

0.344 

0.198 

0.110 

0.158 

0.184 A 

0.129 

0.201 

I: the normally used shunt f i l t e r s . 

I I : aliquot« cut out of the main f i l t e r s a l so 
used for 1 3 7Cs determination (cf. table 3 . 3 . 1 ) . 

Table 3.2.1.2 

Ratio °'Sr/'uSr in air collected at Risø in 1976 

Month 

Oct 

MOV 

Dec 

Daily paper a ir f i l t e r s 

70 

49 

29 

Ratios corrected 
for old 9 0 s r * 

100 

72 

57 

90 
•The old Sr in Oct-Dee 1976 was empirically 

estimated to 50% of the Sept l e v e l . This was 
the r a t i o observed in 1975. 
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3.2.2. Grass 

Table 3.2.2 shows the 
90 

90« Sr content in grass ash f: 
Sr activity was 1.6 pCi , 0 

Zealand 

in 1976. The Mean 'vSr activity was 1.6 pCi '"Sr/g ash or 25 

S.U. as conpared with 2.6 pCi/g ash or 44 S.D. in 1975, i.e. the 

1976 level was (K6 tiaes the 1975 level. Pig. 3.2.2.1 shows the 

Sr concentration in grass since 1957 and fig. 3.2.2.2 shows 

the predicted levels (cf. Appendix C) coapared with the Measured. 

I jn - , pC> M S r / j M k 

50-

10-

5-

57 ' M ' 59 ' »0 " »1 ' »2 ' C3 ' i t ' « ' • » ' t7 ' 

»0 

• • 70 71 72 71 * n % 

Fig. 3 .2 .2 .1 . Quarterly 'wSr lavala In grass, 1957-76. 

Tabla 3.2.2 

Strontium-90 in grass fro« Zealand, 1976 

Jan-March 

April-June 

July-Sapt 

0ct-D«c 

Mean 

pel 9 0 S r (g ash)"1 

1.46 

1.46 

1.83 

1.83 

1,64 

pCi 9 0 Sr (9 C a ) - i 

21.4 

26.6 

25.9 

25.2 

24.8 



2 

S.U-
- 2« -

Fig. 3 . 2 . 2 . 2 . A eo*parison between observed (• 1 S.C.) M l 
calculated (curve, c f . appendix C) S-U. l e v e l s in eraas frea 
Zealand. 

3.2.3. Sea Plants 

Fig. 3.2.3 shows the S.U. levels in sea plants since 1959 

and table 3.2.3 the results for 1976. The level in Fucus 

vesicolosus was 22.5 pCi 

pCi 90Sr/g Ca. 

90 Sr/g Ca, and in Zosters Marina 2.5 

T«bU 3f2r? 

Strontiu*-90 in sea plants fro« Moskilde Fjord in 197« 

Month 

July 

Hov 

June 

Nov 

July 

Location 

I 

I 

III 

III 

IX 

Species 

Fucus ves ico losus 

Fucus ves i co losus 

t e s t e r s Marina 

Zostera marina 

Zostara Marina 

pCi *°Sr (« C«)"1 

10.2 

34.« 

2.4 

3.1 

1.9 

•Ci *°Sr (9 ash)"1 

0.72 

0.94 

0.2C 

0.2S 

0.074 
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3 5 ' 
i 

30-

25-

20-

•t 

i5^ 

to-

54 n 

Zostera marina 
Fucus vesicolosus 

111 
1959 I960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 197119751976 

Fig. 3.2.3. Strontiura-90 in sea plants from Rosk^lde Fjord, 1959-76. 

3.2.4. Rain Hater 

Table 3.2.4.2 shows the quarterly radlostrontlum levels In 

rain water collected in ion exchange columns at Ris0 in 1976. 

The total 90Sr fall-out in 1976 was 0.04 mCi 90Sr/km2 (237 mm 

precipitation), and the mean concentration in the rain water was 

0.17 pCi 90Sr/l. In 1975 we measured 0.27 mCi 90Sr/km2 (477 mm 
90 9fl 

precipitation) and 0.56 pCi Sr/1, i.e. the 1976 Sr concen­

trations were 0.3 times the 1975 figures. The deposition values 

in 1976 were probably too low due to incomplete sampling of the 

rain water; the precipitation measured by the ion exchange 

columns was thus nearly a factor of two too low in 1976. 
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100-, 

50-

pCi *fe»/l 

in 
Fig. 3.2.4.1. Quarterly Sr levels in precipitation, 1959-76. 

Table 3.2.4.1 

Strontlro-90 in rain water co l l ec ted in ion-exchange 
2 

column co l l ec tors at Risø in 1976 (sampling area 0.325 m ) 

Month 

Jan-Harch 

April-June 

July-Sept 

Oct-Dec 

1976 

inn 

48 

64 

63 

62 

I 237 

pCi 9 0Sr l'1 

0.157 

0.175 

0.126 

0.224 

x 0.171 

mCi 9 0 Sr km"2 

0.0075 

0.0111 

0.0080 

0.0140 

I 0.0406 

8 9 S r / 9 0 S r 

32 

9.6 B 
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Milk from a Farm near Risø 

The Chinese test explosion on 26 September 1976 resulted in 

a temporary contamination of cows' milk by 131, The time-
integratea l e v e l was approx. 200 pCi 131 

a dose of 2 mrad to the infant thyroid 

I days, corresponding to 
21) 

Table 3.2.5 

Iodine-131 in milk from Ris#* in 1976 

Date 

Oct. 13 

Oct. 15 

Oct. 20 

Oct. 22 

Oct. 25 

•The milk 

from the 

pci 131i r 1 

12.5 

5.9 

22.6*0.8 

22.8*0.S 

7.4 

was obtained 

mi Ik-producing 

farm nearest to Risø. 

3.3. Y-Spectroscopy of Air, Precipitation and Grass Samples 

As in 1962-1975, samples of air were collected twice a weak 

by means of the air sampler described in Risø Report No. 23 '. 

Table 
137, 

3 8) 
The filters were measured on a 30 cm Ge(Li) detector ' 

The 137Cs/90Sr mean ratio in air filter 

3.3.1 shows the monthly means of the *""Cs determinations. The 

peak value was observed in May. The mean level in 1976 was a 

third of the 1975 mean, 

was 2.1 in 1976. 

Debris from the Chinese atmospheric nuclear test explosion 

on 26 September 1976 appeared in ground-level air collected at 

Risø ten days after the explosion. The short-lived nuclides 

were followed in air filters until the end of November (fig. 

3.3.2). The mean ratios (corrected for decay to 26 September 

between short-lived radionuclides measured in air samples were 

compatible with those expected ' (table 3.3.4). Some ratios, 

however, showed an evident time trend: 131I/140Ba, 141Ce/103Ru 

and 95Zr/103Ru thus decreased with time, while 140Ba/95Zr and 

Ce/ Zr increased. This may indicate that the fresh fall-out 

from the explosion was enriched in Zr and depleted in °Ba 
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Table 3 . J . 1 

Caesium-137 in g l a s s - f i b r e a i r f i l t e r s c o l l e c t e d 

twice a week at Ris« in 1976 

Month 

J a n . 

Feb . 

March 

A p r i l 

May 

June 

J u l y 

Aug. 

S e p t . 

Oct 

Nov 

Dec 

1976 

pci 137c«AoV 

0 . 2 5 ± 0 . 0 4 

0 . 3 3 ± 0 . 0 3 

0 . 3 4 * 0 . 0 3 

0 . 4 1 * 0 . 0 6 

0 . 6 4 1 0 . 0 6 

0 . 6 1 * 0 . 0 5 

0 . 5 6 * 0 . 1 0 

0 . 4 2 * 0 . 0 3 

0 . 2 7 * 0 . 0 4 

0 . 4 8 * 0 . 1 4 

0 . 4 7 * 0 . 0 8 

0 . 2 5 * 0 . 0 3 

0 . 4 2 

The e r r o r term i s the S . E . of the mean o f 

t h e a c t i v i t y found i n 8 o r 9 f i l t e r s 

c o l l e c t e d d u r i n g a month. 

Table 3 .3 .2 

(unit fCi m ) 

Short - l ived nuc l ides in ground-level a i r samples c o l l e c t e d at Risø in 1976 

Ac t iv i ty referred to the middle of the sampling period 

N u c l i d e 

" « C e 

m c . 
237„ 

2 3 9 N p 

1 4 0 L . 

1 3 1 , 

7 B . 

W 3 R u 

1 0 «R» 

" ° B . 
1 3 2 , 

>hr 
9 5 Nb 

C o l l e c t e d 
o c t 4-Oct 7 

-

4 . 0 

1 .0 

19 

U l l 

8 . 6 

100 

2 . 8 

1 .2 

8 . 7 

5 . 2 * 0 . 5 

2 . 9 

0 . 9 

C o l l e c t e d 
Oct 7-Oct 11 

7 . 0 

29 

2 . 7 

56 

60± 7 

25 

130 

10 

5 . 6 

43 

1 5 . 3 1 0 . 2 

2 0 i 2 

6 .0 

C o l l e c t e d 
Oct 11-Oct 14 

8 . 7 

40 

2 . 1 

27 

9 8 H 2 

30 

78 

29 

6 . 2 

7 5 , 

1 3 H 

40*4 

3 . 5 

C o l l e c t e d 
Oct 1 4 - 0 c t 18 

3 . 7 

9 . 4 

-

-

1812 

6 . 8 

50 

6 . 2 

2 . 6 

14 

1 . 9 * 0 . 1 

8 . 6 1 1 

3 . 4 

C o l l e c t e d 
Oct 18-Oct 21 

6 . 1 

15 

-

-

2613 

8 . 8 

105 

8 . 5 

2 . 1 

21 

-

15*2 

6 . 6 
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Table 3.3.3 

Short-lived radionuclides in precipitation samples collected at Rise in 197* 
(activity at time of collection) 

1 4 4 c e 
1 4 1 c . 
1 4 0 L . 
131j 

7Be 
1 0 3Ru 
1 M Ru 

" ° B . 
9 5 2 r 

95Nb 

Collected Oct 5-7 

pCi l ' 1 

2.4 

1411 

37 

15 

8.8 

2.7 

22 

3.5±0.1 

0.8 

pCi a"2 

47 

280±20 

736 

300 

170 

55 

430 

70±2 

15 

Collected Oct 15 

pCi l" 1 

2.0 

3.2 

1512 

11 

17 

9 .8 

3 .8 

IB 

4.HO.4 

1.3 

pCi m~2 

38 

61 

290140 

210 

320 

190 

73 

340 

7818 

25 

Collected Oct 17 

pCi l" 1 

9.4 

4H5 

21 

47 

11 

5.7 

41 

5 .7±i . : 

3.0 

pCi m~2 

110 

490160 

250 

560 

130 

(8 

500 

69115 

36 

The samples were c o l l e c t e d by means of a 1 m rain c o l l e c t o r 
( 3 . 1 . 9 ) , and before Ge-Y-spectroscopy the rain water was 
ion-exchanged on a mixed-bed Dowex-column in the laboratory. 

Table 3.3.4 

Radionuclide ratios in air and rain samples collected at M s « in Oct and Nov 197« 

Sample 

Air 

Rain 

Air 

Rain 

Air 

Rain 

Air 

Rain 

Air 

Rain 

Air 

Rain 

Air 

Rain 

Per iod of 
sampl ing 

Oct 4-Nov 27 

Oct 5-Oct 17 

Oct 4-Nov 27 

Oct 15-Oct 17 

Oct 4-Nov 27 

Oct 5-Oct 17 

j e t 4-Nov 27 

Oct 5-Nov 30 

Oct 4-Nov 27 

Oct 5-NOV 30 

Oct 4-Nov 27 

Oct 5-Nov 30 

Oct 4-Nov 27 

Oct 5-Nov 30 

Nuc l ide 
r a t i o 

1 M l / 1 4 0 . a 

1 3 1 V 1 4 1 C e 

1 3 1 I / 9 5 Z r 

1 4 ( W 9 S * r 

1 4 1 C e / 1 0 3 R u 

1 4 1 C . / " z r 

9 5 Z r / 1 0 3 R u 

Mean r a t i o "1 S . E . 
on S e p t 2 6 , 1976 

(I) 

1 . 0 4 1 0 . 0 9 

1 .3 10 .2 

2 . 9 »0 .2 

18 »7 

5 . 5 1 0 . 6 

IS 13 

5 . 9 : 0 . 9 

13 :2 

1 . 3 7 : 0 . 1 4 

0 . 5 8 : 0 . 1 5 

1.9 2 0 . 1 

0 . 5 5 - 0 . 1 4 

0 . 8 5 : 0 . 1 1 

0 . 6 6 : 0 . 1 6 

Theoretical 
ratio at . 

formation4' 
(II) 

0 .49 

2 .59 

4 . 6 

S.2 

1 .05 

1.77 

0 .60 

t - t e s t 
between (I) * (II) 

t it. sign 

1.59 15 

1.97 2 

1.61 15 

2 . 2 5 2 

1 .55 15 

4 .12 2 

1.23 IS 

2 . 8 3 3 

2 . 2 6 15 • 

3 .09 3 

0 .84 15 

8 .48 3 • • 

2 . 2 0 14 • 

0 .35 3 
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Table K s . t 

factors ia fr*sk debris W 
- l 

fCi • ' * (air) 

^ • ^ S s ^ B e U f c 

Bat« > ^ 

Oct 4-7 

Oct 14-1« 

Hov 197« 

, 5 l r 

1.22 

0.57 

I.S7 

»Sb 

0.O7 

0.«1 

1.4« 

" ^ M Oba 

1.1 

1.7 

1.00 

i . s 

2 . 1 

l .SS 

l « L a 

l . U 

1.50 

1.7« 

M 1ce 

0.40 

0.«7 

• •»7 

111, 

4 . 1 

2 . 4 

•) 

s 

1.99 

1.10 

S.B. 

1.3« 

0.7« 

1.12 0.11 

S.B. 

0.51 

0.29 

0.11 

T»e radionuclide concentrations in rain were de ten ined by ion oachaaaat the Oct aba r 
saan>les .a tha laboratory on precipitation col lactad in the 1 • rain soapier at Ris« 
(1.1.9) and tha l a n * i r senple on the Monthly co l l ec t ion of fa l lout in Ih« fiw* 
ion-exeftenee col lectors at U s * ( 1 . 2 . 4 ) . 

•) too low a concentratioa for re l iable determination. 

.*«*4f Mr« 

Date 1»7* 

e fresh weiffct a*2 

« dry ueieht •"* 

an precipitation since 
last saapliB* 

" * r 

»H«, 
" J * » 
i n , 

"<>». 

" ° u a 
1 4 1 c . 

*the grass samples used 

pel m'2 i n areas free. Bis« i n Oct-aer 197« 

Oct 12 

240 

J« 

-

220 

02 

19 

172 

197 

429 

127 

Oct 15« 

» 7 

41 

« 

40« 

144 

70 

215 

244 

t i o 

5*1 

in the e s t l a a t i o n 

Oct 19 

174 

H 

C 

799 

291 

220 

4S7 

T17 

140« 

l i l t 

Oct I t* 

200 

41 

11 

H i 

110 

91 

19* 

14« 

C70 

529 

Oct 21 

17« 

*« 

1.1 

010 

121 

197 

2t« 

«21 

1009 

»40 

of depos i t ion v e l o c i t i e s . 

Oct 2S» 

119 

44 

2 . 1 

4*9 

219 

109 

112 

20« 

S14 

52 S 

• e v 1* 

m 
49 

1.1 

415 

227 

129 

79 

19J 

405 

51? 

Be* 0 

197 

• 1 

nee 15 

210 

11 

4,4 2 .1 

« 7 ] 

no 
110 

to 

1«2 

27« 

544 

194 

101 

40 

7 

50 

70 

107 

and Ru. This is in agreement with the early observations on 
22) 

fractionation phenomena by Edvarson et al. , who predict that 

fresh fall-out is enriched in 95Zr and depleted in 103Ru, 140Ba 

and I, while Ce is somewhere in between. 

A few daily samples of precipitation and a monthly were also 

studied for fresh debris (table 3.3.3). A comparison between 

the rain and precipitation samples made a calculation of the 

washout-factors (tf ) possible (cf. table 3.3.5). The ratios 
90 

were in general higher than the ratios observed for Sr, which 

in the period 1960-721' showed a mean ratio of 0.99. The dif­

ference may be due to the higher dry deposition (which was in­

cluded in the rain samples) of fresh debris than of old. 
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In grass with a dry matter yield of 44 - 3 (1 SD) gm 

(cf. table 3.3.6*), the 141Ce levels were nearly constant (532 -

24 pCi m ) from 15 October to 1 November. We may thus assume 

that the daily uptake by grass of Ce from fall-out approxi­

mately equalled the daily field loss. During summer the retention 

half-life of radionuclides on grass is approx. 19 days and in 

winter 49 days (23). Let us assume that the half-life in autumn 

is in between these values, i.e. 34 days. The effective half-life of 141. Ce on grass then becomes 17 days and the daily field 

loss was thus 532 (1 - e" 1^ 2 ) • 22 pCi m"2 d"*1. 

The mean air activity during the last half of October 1976 

was 47 * 10~ pCi Ce m . Hence, the deposition velocity was 
22 -i -i 

47 * 10-3 • • d * « 0.5 a 8 | if the retention half-life had 

been 19 days instead of 34 days, the deposition velocity would 

have changed to 0.7 cm s . The winter half-life of 49 days 

gave 0.4 cm s . 
We may similarly estimate the deposition velocities of the 

other radionuclides: Zr • 0.3 cm s , Ru « 0.1 cm s" and 
140 Ba 0.4 cm s -1 In the case of iodine, we calculated the 

û /w*-1 

f ' M ' A ' M ' J ' J ' A ' t ' O ' N 

Fig. 3.3.1. C««»iuA-137 in ground leval air at Riaø in 1976. 
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a a M M M 

MOK OCT 

Fig. 3.3.2. Short lived fissions products in airborne debris 

from the Chineese test explosion 26 septenber 1976 collected 

in groundlevel air at Rise, October-November 1976. The tine-

integrated levels are indicated for the various radionuclides. 

131 

amount of I deposited on the grass between two samplings 

from the levels measured in the grass, and under the assumption 

of effective half-lives varying from 5-8 days. The median value of the deposition velocities for 131, I calculated in this way was 

1 cm s" , and the range of values was 0.1 - 3.1 cm s . The 

values showed a decreasing tendency with time in agreement with 

expectations, as small particles (old fall-out) have a lower 
24) 

deposition velocity than large particles (fresh fall-out) '. 

It should, however, also be noticed that from 15-18 October the 

precipitation was substantial (31 mm), which may have increased 

deposition on the grass. The estimated deposition velocities 

on grass were of the same order of magnitude as given in the 

literature25*. 
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The transfer factors fro« air to grass were estimated for 
131I froa the infinite, time-integrated 131I levels in air and 

grass. Me found 1 pCi 131I «T3 d % 6.5 nCi 131I aT2 

««. 158 nCi 131I kg dry setter d % 23 nCi 131I 
grass 

freshweight 

3.4. ^-Spectroscopy of Bed Soil Sawples frosi Roskilde Fjord 

North of the outlet fro» the Waste Treatment Station (fig. 

3.1.2.1), bed soil savples were collected with a HAPS saapler. 

Cores down to a depth of approx. 15 c» were analysed by Ge(y) 

spectrometry. Table 3.4.1 shows the results, which are equal to 

those in previous years. 

Taal« 3.4.1 

C M S in-11? in fjor*-b«d soil collect«« in 

aoskilde Fjord in It 7« (RATS) (145 ca2) 

Oat« 

July 5 (I) 

July 5 (II) 

Sept. 30(1) 

Sept. 30(11) 

Mean 

S.D. 

S.E. 

Depth 
in cm 

0-15 

0-1« 

0-15 

0-15 

pci " 7 c k,-1 

147 

224 

117 

1(4 

laO 

33 

1« 

•Ci 137Ca leaf2 

25 

31 

31 

25 

2S 

3 

2 
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4. RADIOSTROHTIUH AND RADIOCABSIUN IN PRECIPITATION, 

SOIL AND GROUND-MATE* IN DENMARK IN 1976 

4.1. Strontium-90 in Precipitation 

Samples of rain water war« collected in 1976 from the State 

experimental farm* (cf. fig. 4.1.1) in accordance with the 

principles laid down in Ris# Report No. 63, p. 511}. 
90 

Table 4.1.1 shows the results of the Sr determinations 

and tables 4.1.2 and 4.1.3 the analysis of variance of the 

results. The variation with time was significant (P > 99%). 

The aiiiww concentration in precipitation occurred in May-June, 
9C 

when the Mean content in precipitation was 0.34 pCi Sr/1 (cf. 

also the air Measurements in 3.2.1) while the Maximum fall-out 
90 2 

rate occurred in Nov.-Dec. 0.024 mCi Sr/km . Tables 4.1.2 and 

4.1.3 show that the variation between locations was not signifi-

T«bl« 4.1.X 

Strontium-90 f a l l - o u t in Denmark in 197* 

t c r i o « 

J*R-f«S 

fUrc l t -Apri l 

R**Y*Jtw.c 

Ju.y*A<**I 

S*pt-Oet 

!»ov-0ec 

197« 

Uni t 

f o r 1 

»Ct km'* 

- 1 

pCl l " l 

mc\ km'2 

p O l " 1 

i«:* km'2 

pCi 1 * a 

SB sreclpitac.on I 

TVWtrup 

O . J ) 

9 . 4 1 9 * 

O . l t 

0 .9101 

0 . ) « 

9 . 0 2 5 

0 . 1 7 « 

a.ami 

0 .111 

0 .010 

0 . 2 « 

0 . 0 ) 0 

0 . 2 ) 

0 . 1 1 0 

«r» 

Sttr t* -

O . l t ] 

l . o i l l 

0 . 2 7 

0 . ) * 

0 . 9 1 7 1 

0 . 1 ) 

0 . 0 0 1 7 

0 . 1 9 « 

0 . 0 1 « 

0 . 1 ) « 

0 . 0 1 1 

» . I H 

0 . 0 * 1 

M l 

« k > 

0 . 1 1 

0 . 0 1 1 2 

0 . 1 M 

o.oo»i 

0 . 2 1 

0 . 0 1 2 ) 

( 0 . 2 ) 1 

0 . 0 0 0 7 

0 . 1 « ) 

0 . 0 1 0 « 

0 . 1 « ) 

0 . 0 1 O 

0 . 2 0 

0 . 0 7 1 

>T0 

art«. 

0 . 1 0 

0 . 0 ) 1 

0 . 1 7 

0 . 0 1 « 

0 .12 

0 .02« 

0 .«« 

0 .017« 

O . l i * 

0 . 0 2 0 

0 . 2 7 

9 . 0 ) 1 

0 . 2 7 

0 . 1 5 2 

>M 

S t . Jjlf 
em* 

O . W i 

9 . 9 1 1 « 

0 . 1 » l > 

0 . 0 9 * « 

0 . 4 ) 

9 . 0 2 « 

0 . 2 « 

3 . 0 1 5 

" . 2 7 

0 . 0 « « 

10 .215) 

0 . 0 2 * 

0 . 2 5 

0 . 1 4 7 

»7* 

D l a M -
i t a t f x i r « 

0 . 2 0 

0 . 0 1 ) « 

0 . 2 5 

o.oo«: 

0 . 1 1 

9 . 0 1 M 

9 . 9 0 

0 . 0 1 0 1 

0 . 2 2 

0 . 0 1 * 1 

0 . 2 ) 

0 . 0 2 7 

0 . 1 1 

0 . 0 * « 

M l 

t y . t o r t « 

0 . 1 1 

0 . 0 1 0 1 

0 . 2 1 

0 . 0 0 1 « 

0 . 1 7 

0 . 0 ) * 

0 . 2 * 

O.OOW 

0 . 2 0 

0 .0111 

0 . 1 » « 

O.OUO 

0 . 2 « 

0 . 0 * 1 

)20 

*lr<a»-
• I r . 

0 . 1 * 2 

0 .O121 

«.«! 
9 . 0 9 * « 

0 . 2 * 

9 . 0 2 2 

0 . 1 « 

0 . 0 0 7 1 

0 . 1 2 « 

0 . 0 0 7 * 

(0 .17*1 

0 . 0 1 7 

9 . 1 1 

9 . 0 7 « 

)•» 

• M 

0 . 1 9 • 

9 . 0 1 * 9 

0 . 1 * 4 

0 . 0 0 « J 

o.n 
9 . 0 1 « ; 

O. )0 

9 . 0 1 4 0 

0 . 1 2 

0 . 0 2 0 

9 . ) « 

9 . 9 1 1 

9 . 2 7 

9 . 1 9 1 

)7» 

tatrlto-

«.)• 
0 . 9 1 ) 7 

9 . 2 2 

0 . 9 9 * 1 

9 .19 

9 . 0 1 ( 7 

0 . 1 7 1 

9 . 0 0 * 2 

9 . 2 1 

0 .01«« 

9 . 2 2 

9 . 0 2 1 

9 . 1 1 

0 .0*1 

)»• 

L*«r«-
ftor« 

9 . 1 1 

0 . 9 9 * 4 

0 . 2 4 

9 . 0 0 4 4 

4 . 1 * « 

0 . 0 0 * 1 

10.211 

9 . 9 9 ( 4 

O . l t l 

9 . 9 1 1 « 

9 . 1 1 * 

9 . 9 9 7 1 

9 . 1 7 7 

0 . 0 5 0 

1 « ) 

D M ' 

9 . 2 ) 

( . 9 1 1 2 

9 . 2 1 

0 . 0 0 * 1 

9 . X 

9 . 0 2 2 

9 . 2 9 

9 . 0 1 0 2 

9 . 1 * 1 

9 . 0 2 ] 

9 . 2 2 

9 . 0 2 « 

0 . 9 2 ) 9 

9 . 1 0 ) 

4 ) 1 

' M o o t « Mt in«l«*w M MMM. rifarr* in »ratttu u l n l t u « ftm VM I " ' , 
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Table 4.1.2 

90 —1 
Analysis of variance of In pCi Sr 1 precipitation in 1976 

(from table 4.1.1) 

Variation 

Between locat ions 

Between months 

Remainder 

SSO 

1.330 

1.832 

4.894 

f 

10 

5 

46 

s 2 

0.133 

0.366 

0.106 

v 2 

1.250 

3.444 

P 

-

99% 

Table 4.1.3 

90 -2 
Analysis of variance of In mCi Sr km precipitation in 1976 

(from table 4.1.1) 

Variation 

Between locat ions 

Between months 

Remainder 

SSD 

5.656 

9.480 

6.358 

f 

10 

5 

46 

s 2 

0.566 

1.896 

0.138 

v 2 

4.092 

13.718 

P 

>99.95% 

>99.95% 

Table 4.1.4 

S.9 90 
The ratio Sr/ Sr in precipitation in Denmark in 1976 

L o c a t i o n 

T y l s t r u p 

S tudsgård 

Ødum 

Askov 

S t , Jyndevad 

B l a n g s t e d g l r d 

T y a t o f t e 

Virumgard 

Abed 

Åkirkeby 

Ledreborg 

x ± 1 S . E . 
(B e x c l u s i v e ) 

November 

43 

33 

15 B 

4 . 2 

-

55 

20 B 

36 

62 

47 

32 B 

4017 

December 

107 B 

24 A 

20 B 

40 

57 

35 

13 B 

-

0 . 4 B 

28 A 

25 A 

35±5 

cant. The mean levels for ten State experimental farms were 

0.10 mCi 90Sr/Jtm2 and 0.24 pCi 90Sr/l. In Appendix A the country 
90 2 

mean level (area-weighted) is estimated to be 0.10 mCi Sr/km 

for a mean precipitation of 523 mm (area-weighted), i.e. a 

quarter of the fall-out in 1975. 
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Fig. 4.1.1. State experimental farms In Denmark. 
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A comparison between the amounts of precipitation found in 
9) the rain gauges used by the Danish Meteorological Institute 

and the amounts collected in our rain bottles at the same loca­

tions in 1976 showed a mean ratio of 1.22 - 0.04 (1 SB) between 

the two sampling systems. The summer of 1976 was drier than 

n ,-*.l. This resulted in a considerable evaporation from our 

rain bottles as compared to the rain gauges collected daily by 

fhe Danish Meteorological Institute? hence the ratio between the 

two systems became greater than usual. 
89« Table 4.1.4 shows the presence of Sr in precipitation 

89 90 
collected in November and December. The Sr/ Sr ratios wei 

equal to those observed in air (table 3.2.1.2). 

4.2. Strontium-90, Caesiuro-137 and Plutonium in Soil 

The aims of soil sampling in 1976 were partly to examine 

the importance of the application of manure to the fields (with 

respect to the levels of fall-out nuclides) and partly to repeat 

soil sampling at a few locations that showed unexpected activity 

levels in 1975. The results of these studies are given in 

tables 4.2.1-4.2.11. 

The mean ratios between the accumulated activities in culti­

vated soils from Tylstrup, Askov, Blangstedgård, Abed and Risø 
90 + 

with and without manure were for Sr, 0.92-0.09 (1 SE), and 

for 137Cs, 1.17 i 0.10 (mCi km"2, 0-50 cm, cf. tables 4.2.1, 

4.2.3 and 4.2.7 and in Risø Report No. 3451* tables 4.2.6 and 

4.2.8). We thus conclude that the application of manure ap-
90 

parently plays no major role for the levels of accumulated Sr and 137 Cs in Danish soil. This is in accordance with the 

Table 4.2.1 

Strontium-90 in manured, cultivated soil in 1976 (roCi km" ) 

Depth 
i n cm 

0-20 

20-30 

30-50 

Z 0 -30 

I 0 -50 

T y l s t r u p 

2 9 . 1 

13 .4 

6 .2 

4 2 . 5 

50 .7 

Askov 

2 8 . 6 

9 . 3 

4 .9 

3 7 . 9 

4 2 . 8 

B l a n g s t e d g . 

3 2 . 8 

1 0 . 5 

3 .0 

4 3 . 3 

4 6 . 3 

Abed 

26 .4 

1 0 . 1 

2 . 1 

3 6 . 5 

38 .6 
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Stroati«*-90 in ataaered, c e l t i v e t e d M i l in 197« (pCi k«~ l ) 

Death 
i n cm 

0 - 2 3 

20 -30 

30-SO 

i 0 -30« 

» 0 - « 9 * 

T y l s t r u p 

94 

79 

24 

M 

02 

taken? 

119 

73 

19 

103 

09 

» l e r ^ s t e d e . 

112 

09 

9 . 9 

9 7 

02 

Abed 

112 

0« 

7 . 2 

9 5 

S7 

• v e i e f c t e d m a 

Table 4 . 2 . 3 

Caesiwa-117 in aeaored, cu l t iva ted » o i l i n 1970 faCi km"2) 

Depth 
i n em 

0 - 2 0 

2 0 - 3 0 

30-50 

£ 0 -30 

r o-so 

T y l s t r w p 

77 

25 

4 . 0 

103 

107 

Askew 

09 

« . 7 

0 . 9 A 

7« 

77 

» l e R S S t e d e . 

«4 

7 . « 

2 . 2 

71 

73 

Abed 

41 

1 5 . 4 

1 . 9 

5« 

50 

Tab!« 4 .2 .4 

Caesida-137 in aanured, cu l t ivated s o i l in 1970 (pCi k« ' 1 ) 

Depth 
i n e a 

0-20 

20-30 

30-50 

x 0 -30* 

ic 0 -50* 

T y l s t r u p 

240 

150 

11.C 

214 

129 

Askew 

200 

52 

3 . 5 A 

200 

123 

• l a n e s t e d s . 

21« 

50 

7 . 3 

159 

9 0 

Abed 

174 

103 

« . S 

14« 

•« 

• w e i g h t e d Mean 
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Table 4.2.5 

-1 g K kg in manured, cultivated soil in 1976 

Depth 
in cm 

0-20 

20-30 

30-50 

5 0-30* 

x 0-50* 

Tylstrup 

13.2 

12.9 

12.9 

13.1 

13.0 

•weighted mean 

Askov 

12.6 

13.9 

13.4 

13.0 

13.2 

Blangstedg. 

17.0 

16.2 

16.6 

16.7 

16.7 

Abed 

16.1 

9 .1 

14.1 

13.4 

13.7 

Table 4 .2 .6 

Strontium-90, Caesium-137 and Potassium-40 i n uncult ivated s o i l c o l l e c t e d at 
Tystofte and Jyndevad in 1976 

• •:• 

«-. 

3 : - i 

; :-, 
; ... 
'•"•< 

• 

• \.,.-. . „ - ' 

.... 
\>.n 

H . ' i 

">, "i m " 1 

m 

*<-

103 

. 1 

*>b 

Jynd«v«d 

1 JT_S ^ k f f l-J 

91 

..... 
U « 

' " c . pc. . , - ' 

44» 

I<0 

no 

124 

11« 

i a . i 

» . 9 

1 0 . 4 

10 .» 

10.0 

13.1 

1 0 . 1 

''•'sr me i km*2 

JO.* 

1 1 . 4 

4 . 1 

i . o 

32.3 

J*.* 

» „ P C . 

144 

40 

31 

T. 

i l l 

»7 

« 

.."' 

0 

T y » t o f t * 

U 7 c . - c . k * " 

*••• 
11.t 

0 . 9 

B.D.L 

61 

42 

62 

1 ] 7 C . PCi k,"1 

119 

• 1 

4 . 7 

B .D.L 

211 

141 

•9 

•°* , *f» 
i l . e 

14.? 

1*.* 

1*. i 

1*. * 

16.4 

Table 4 . 2 . 7 

Strontium-90 and Caesium-137 i n cu l t i va ted s o i l 
ml 

from Risø and Ledreborg, 1976 (mCi km ) 

Depth 
in cm 

0-20 

20-30 

30-50 

I 0-30 

I 0-50 

Risø 

cu l t i va ted 

9 0 S r 

23.8 

9 .5 

4 .3 

33.4 

37.7 

1 3 7 C 

44.2 

11.9 

3 .8 

56.2 

60.0 

c u l t i v a t e d * 

9 0 S r 

30.1 

7.4 

1.9 

37.5 

39.4 

1 3 7 C . 

60,0 

4.0 

1.9 

64.0 

65.9 

Ledreborg 
cu l t ivated* 

9 0 S r 

36.2 

16.7 

4 .3 

52.9 

57.2 

137 c , 

72 

16.5 

1.7 

89 

90 

»manured 
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Table 4 .2 .8 

Strontium-90 and Caesium-137 in c u l t i v a t e d s o i l 

from Ris* and Ledreborg, 1976 tpCi k g ' 1 ) 

Depth 
i n cm 

0-20 

20 -30 

30-50 

x 0 -30** 

x 0-50*« 

R i sø 

c u l t i v a t e d 

9 0 S r 

94 

62 

1 4 . 0 

82 

53 

1 3 7 C » 

174 

78 

1 2 . 2 

138 

84 

c u l t i v a t e d * 

9 0 S r 

81 

48 

6 . 3 

71 

48 

1 3 7 C » 

161 

26 

6 . 6 

122 

80 

L e d r e b o r g 

c u l t i v a t e d * 

» ° S r 

105 

84 

1 2 . 3 

98 

64 

1 3 7 C , 

72 

1 6 . 5 

1.7 

89 

90 

* manured 

* * w e i g h t e d mean 

Table 4.2.9 

g K leg- cultivated soil from 

Risø and Ledreborg, 1976 

Depth 
i n cm 

0-20 

20-30 

30-50 

x 0 -30** 

x 0 -50** 

Risø 

c u l t i v a t e d 

19.3 

18.6 

18.2 

19.0 

18.7 

c u l t i v a t e d * 

17.2 

17.1 

16.3 

17.2 

16.9 

Ledreborg 

c u l t i v a t e d * 

17.1 

18.3 

19.1 

17.6 

18.2 

* manured 

* ' w e i g h t e d mean 

Table 4.2.10 

The ratio 1 J /Cs/ uSr in manured, cultivated soil in 1976 

(from tables 4.2.1 and 4,2.3) 

Depth 
i n cm 

0-20 

20-30 

30-50 

x 0-30 

x 0-50 

T y l s t r u p 

2 . 6 5 

1.87 

0 . 4 9 

2 . 4 2 

2 . 1 1 

Askov 

2 . 4 1 

0 . 7 2 

0 . 1 8 

2 . 0 1 

1.80 

B l a n g s t e d g å r d 

1.95 

0 . 7 2 

0 . 7 3 

1.64 

1 .58 

Abed 

1.55 

1.52 

0 .90 

1.53 

1.50 

Mean 

2 . 1 4 

1.21 

0 . 5 8 

1.90 

1.75 

SD 

0 . 4 3 

0 . 5 8 

0 . 3 1 

0 . 4 0 

0 . 2 7 

SE 

0 . 2 4 

0 . 2 9 

0 . 1 6 

0 . 2 0 

0 . 1 4 



- 41 

Table 4.2.11 

The ratio 137Cs/90Sr in soil in 1976 

Depth 
in cm 

0-10 

0-20 

10-20 

20-30 

30-50 

x 0-20 

x 0-30 

x 0-50 

'manured 

Jyndevad 
uncultivated 

3.82 

2.22 

0.43 

0.22 

3.22 

2.49 

2.14 

(from tables 4. 

Tystofte 
uncultivated 

2.33 

1.11 

0.21 

-

1.89 

1.69 

1.61 

2.6 and 4 .2 .7) 

Ris« 
cu l t ivated 

1.86 

1.25 

0.88 

1.68 

1.59 

Rist) 
cu l t ivated* 

1.99 

0.54 

1.00 

1.71 

1.67 

Ledreborg 
cult ivated* 

1.99 

0.99 

0.40 

1.68 

1.57 

Table 4.2.12 

Plutonium in uncultivated soil collected in Danish experimental farms in 1975 

(mci 2 » ' 2 < ° P u km"2) 

0-10 cm 

10-20 cm 

20-30 cm 

30-50 cm 

0-50 cm 

T y l s t r u p 

1.52 

0 .16 

-

S t u d s -
g i r d 

1.29 

0 .25 

0 .03 

Askov 

1.33 

0 .52 

0 .16 

1 

B l a n g -
s t e d g å r d 

0 . 6 9 

0 . 5 5 

0 . 1 3 

T y s t o f t e 

1 . 1 5 

0 . 4 6 

0 . 0 5 

L e d r e ­
b o r g 

0 . 6 0 

0 . 3 4 

0 . 2 2 

Abed 

1 . 1 0 

0 . 1 6 

0 . 3 0 

Å k i r ­
k e b y 

1 . 8 0 

0 . 2 4 

0 . 0 9 

Mean 

1 . 1 9 

0 . 3 4 

0 . 1 4 

SD 

0 . 4 0 

0 . 1 6 

0 . 1 0 

SE 

0 . 1 4 

0 . 0 6 

0 . 0 4 

Analyses of 50 g samples d i d no t show Pu l e v e l s s i g n i f i c a n t l y 
d i f f e r e n t from zero a c t i v i t y 

1.68 1.57 2 .01 1 . 3 7 1 . 6 6 1 . 1 6 1 . 5 6 2 . 2 1 
1 

1 . 6 5 ( 0 . 3 3 0 . 1 2 

Table 4.2.13 

Plutonium in cultivated soil collected in Danish experimental farms in 1975 
-2, 

0-20 cm 

20-30 cm 

30-50 cm 

0-50 cm 

T y l s t r up 

0 .32 

0 .07 

s t u d s -
g i r d 

1.7» 

0 .09 

ødum 

0 .98 

0 .11 

Askov 

1.47 

0 .10 

S t . Jyn­
devad 

1.75 

-

Blang-
s t e d g j r d 

0 .7« 

0 .22 

T y s t o f t e 

0 .88 

0 .60 

Ledre­
borg 

0 ,38 

o . i l 

Abed 

0 . 3 4 

0 . 0 9 

Å k i r ­
keby 

1.00 

0 .17 

Mean 

0 .97 

0 .17 

$0 

0 .55 

0 .17 

it 

0 .17 

0 , 0 6 

Analys i s oi 50 g samples d id not show Pu l e v e l s s i g n i f i c a n t l y d i f f e r e n t 
from zero a c t i v i t y 

0 .39 I . » 7 1.09 1.57 1.75 0 .9« 1.4« 0 .49 0 .43 1.17 1 .12 0 .55 0 ,17 

C u l t i v a t e d s o i l s showed a lover 2 3 ' 2 *"pu c o n t e n t than u n c u l t i v a t e d s o i l s . The d i f f e r e n c e » a s probably 

s i g n i f i c a n t (p < 0 . 0 1 ) . 
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1) estimates in 1975 (Risø Report No. 345 table 4.2.20), which 

indicated that the amounts of Sr and Cs removed by crops 

and later returned to the fields as manure were in the order of 

5% of the deposit. 

From table 4.2.6 and from Risø Report No. 345 it appears 

that the 1975 samples from Jyndevad were atypical. Especially 
90 

the Sr 1975 levels were anomalously high in the deeper layers. 

On the other hand, the Cs seemed to have been underestimated 

in 1975. Table 4.2.7 shows that the 1976 samples of cultivated 

soils from Risø and Ledreborg contained more Sr and Cs than 

the 1975 samples, which were anomalously low (cf. in Risø Report 

No. 34511 tables 4.2.6, 4.2.8, 4.2.13 and 4.2.15). We conclude 

that the few samples found in the 1975 material that deviated 

from the expected fall-out levels were atypical, because a 

repeated sampling at these locations in 1976 gave results in 

agreement with expectations based on earlier years' sampling at 

these locations. The extremely high levels found in the 1975 

Ødum samples were not further investigated in the 1976 studies, 

but will be examined later in a special study. 
239 240 

The 1975 soil samples were used for a study of ' Pu in 

Danish soils. The analysis was performed on 10 g of ashed soil 
191 

by the classical Pu-analysis method described by TALVITE '. 

Most determinations were carried out as double or triple analy­

ses. Plutonium concentrations below 30 cm were generally so low 

that the analyses were performed on 50 g aliquots. From tables 

4.2.12 - 4.2.14 we conclude that the total accumulated '* uPu 
-2 

in Danish uncultivated soil was 1.7+0.1 (1 SE) mCi km in 
1975? 239'240Pu/90Sr = 0.032 + 0.002 (1 SE) and 2 3 9 , 2 4 0Pu/ 1 3 7Cs 

Tat.lt 4.3.14 

"»-I«.,.,!", Pu/ Cs x 100 In uncultivated soil 

collected at Danish experiment*! farms In 1975 (cf. Ris# Report No. 345, table 4.2,3) 

0-10 cm 

10-30 cm 

30-30 em 

30-SO cm 

0-50 cm 

T y l s t r u p 

1.63 

2 .00 

1.7« 

S t u d s -
g i r d 

1.59 

3 . 0 1 

o.e« 

1 .61 

Ødum 

2 . 7 

2 . 3 

3 . 0 

3 . 2 

2 .30 

Askov 

2 .15 

1.68 

0 .16 

1.44 

S t . Jyn­
devad 

2.0« 

l . t l 

6.42 

3.»5 

Blang-
s t e d g i r d 

1.6« 

1.31 

1 .3 ) 

1.81 

T y s t o f t e 

1.95 

2 .80 

0 . 6 t 

1.87 

Ledre­
borg 

1.43 

1.36 

3 . 2 4 

1.57 

Abed 

3.47 

0 . 4 4 

2 . 4 8 

2 .15 

Åkir ­
keby 

2.86 

1.04 

1.70 

2 .38 

Mean 

2 . 1 8 

1 .78 

2 .18 

2 .10 

SD 

0 . 7 1 

0 .79 

1.80 

0 , 6 7 

se 

0 .22 

0 . 2 5 

0 . 6 0 

0 .21 

No s i g n i f i c a n t v a r i a t i o n could be found in the ' Pu/ Cs r a t i o s wi th sampl ing d e p t h , o r between 

c u l t i v a t e d and u n c u l t i v a t e d s o i l s . 

http://Tat.lt
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Table 4 . 2 . 1 5 

c o l l e c t e d a t Danish • * p « r i » * n t « l ftmm in 1»75 ( c f . M s * Report Ho. 145 , t « b l * 4 . 2 . 1 ) 

0-20 e» 

20-30 en 

0-50 CB 

T y l s t r u p 

0 . 4 4 

0 .27 

0 . 5 3 

S t u d s -
g i r d 

2 .12 

0 .7« 

1.17 

U l B 

1.5« 

0 . H 

l . t t 

teltov 

2 . 1 1 

0 . 1 * 

l . » 2 

S t . Jyn­
devad 

2.10 

2 . It 

B1MI9-
s t a d e l r d 

2 .24 

1.7» 

2 . 0 * 

T y s t e f t * 

1 .47 

1.42 

l . M 

L«dr«-
bor« 

0 . 1 4 

» . 1 1 

1.04 

Ab*d 

0 . 4 5 

0 . 7 5 

1 . 1 ) 

A k i r -

1 .92 

1.42 

l . » 5 

N»Mk 

1.57 

1.15 

1.42 

SD 

0.70 

l . * l 

0.5J 

St 

0.22 

0.44 

0.17 

= 0.021 + 0.002. These ratios are compatible with other findings 
239,240^90 

assuming a 
0.028 in soil in 1975. 
239,240 

.21) Sr ratio of 0.02 in air *', and thus of 

Cultivated soil probably contained less 

Pu than uncultivated soil, the mean ratio between the 

activity contents of the two soils being 0.6+0.1 (1 SE). The 
239 240 ~ 

' Pu activity showed the same vertical distribution as 

Cs in the soil column, even in the case of an atypical Cs 

distribution as found in Ødum (table 4.2.14). 

4.3. Strontium-90 in Ground Water 

As in previous years, ground water was collected in March 

from the nine locations selected by the Geological Survey of 

Denmark. 

Table 4.3.1 

Strontium -90 in ground water collected in March 1976 

Hvidsten 

Feldbak 

Rømø 

Rønne New* 

Rønne Old 

Hassel* 

Fåretofte 

Kalundborg 

Ravnbolt 

Fredericia 

Mean 

Hedian 

' c o l l e c t e d ir 

9 0 Sr f c i I"1 

3 

18 

15 A 

19 

2 A 

3 

B.D.L 

7 

B.D.L 

8 

194 

5 

June. 

g Ca l" 1 

0.0708 

0.0259 

0.0281 

0.0050 

0.0237 

0.173 

0.0918 

0.0823 

0.0719 

0.0708 

0.0643 

0,0708 
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Fig. 4.3.1. Ground-water sampling locations in Denmark. 
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Figure 4.3.1 shows the sample locations and table 4.3.1 the 
90 

results of the Sr analyses (cf. also 5.8.4). 
90 

The median level of Sr in 1976 was a third of that found 

in 1975 but nearly equal to the values observed in 1973 and 1974. 

Figure 4.3.2 shows the median levels in Danish ground water since 

1961. 

As appears from fig. 4.3.3, the ground water from Feldbak 

had showed no decreasing tendency by March 1976, but the March 

1977 level were lower than both 1975 and 1976. 

pCi ^ S r / l 
004 : 

o 

0.03 - o 

0.02 ° 

0JQ1 L • ° . ° • 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 
On 

Fig. 4.3.2. Median Sr levels In Danish ground water, 1961-76. 

1.5 

10 

05 

pO * ° S f / l 

> » > „ ' > » _ _ ' 
St 62 53 64 65 66 67 81 69 70 71 72 73 % 75 78 77 

Fig. 4 . 3 . 3 . Strontium-90 in ground water at Feldbak,1961-76. 
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5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1976 

5.1. Strontium-90 and Caesium-137 in Dried Milk from the 

Entire Country 

As in previous years, monthly samples of dried milk were 

collected from seven locations in Denmark (cf. fig. 5.1.1) but 

the analyses for Sr and Cs were performed on pooled 

quarterly samples. 
90 

Table 5.1.1 shows the results of the Sr determinations 

and table 5.1.2 the analysis of variance of the results. As in 

Table 5 . 1 . 1 

Strontium-90 (pCi (g Ca) ) in Danish dr ied milk in 1976 

Month 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Mean 

Hjørring 

5.2 

4 .8 

3 .2 

3.4 

3.2 

2.0 

4.0 

Århus 

4.8 

4.3 

3.0 

3.7 

3.0 

2.5 

3.8 

Videbak 

6.6 

5.5 

4 .1 

4.0 

2 .3 

3.7 

4.9 

Åbenrå 

5.5 

4,2 

2.8 

3.1 

4.4 

3.1 

4.0 

Odense 

3.4 

2 .8 

1.31 A 

1.83 

1.84 

2 .8 

2.4 

Ringsted 

3.9 

2 .8 

1.23 A 

2 .1 

2.1 

1.39 

2 .4 

Lol land-Fals ter 
Møn 

2 .2 

1.7 

2 . 3 A 

1.51 

1.75 

1.02 B 

1.91 

Mean 

4 .5 

3 .7 

2 .6 

2 .8 

2 .7 

2 .4 

3 .4 

90 As 1 l i t r e of milk contains 1.2 g ca , the mean Sr content in Danish milk 
produced in 1976 was 4 .1 pCi 1~ . 
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recent years the tine variation was significant for S.U.; the 

levels in the first quarter of the year were the highest. The 
90 

S.U. mean level in 1976 was 3.4 pCi Sr/g Ca, i.e. 0.8 tines 

the 1975 mean. 

As previously, milk from eastern Denmark showed signifi­

cantly lower levels than that from Jutland. 

Table 5.1.3 shows the results of the Cs determinations 

and table 5.1.4 the analysis of variance of the results. The 
137 

M.U. mean level in 1976 was 2.6 pCi Cs/g K or 0.7 times the 

1975 level. 

Figures 5.1.2- 5.1.5 show the S.U. and M.U. levels in 

dried milk compared with the predicted values (cf. Appendix C). 

Tab!« 5 . 1 . 2 

A n a l y s i s o f v a r i a n c e of In pCi , 0 S r (9 C a ) ' 1 i n d r i e d » i l k i n 1976 

(from t a b l e 5 . 1 . 1 ) 

V a r i a t i o n 

Between l o c a t i o n s 

Between q u a r t e r s 

Remainder 

SSO 

3 . 0 9 5 

1 .753 

0 . 6 8 7 

f 

6 

3 

18 

, 2 

0 . 5 1 6 

0 . 5 8 4 

0 . 0 3 8 

v 2 

1 3 . 5 2 2 

15 .316 

P 

> 9 9 . 9 5 1 

> 9 9 . 9 5 1 

Table 5 . 1 . 3 . 

Caesium-137 (pCi (g K) ) in Danish dried milk in 1976 

Month 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Mean 

Hjørring 

3.0 

1.4 

3.6 

2.7 

3 .2 

ArhuS 

3.2 

2 .9 

3 .6 

2 .3 

3.0 

Videbek 

3 .8 

3.5 

5.4 

2 .2 

3.7 

Åbenrå 

4.2 

3.0 

3 .3 

3.5 

3.5 

Odense 

2 .1 

1.2 

0.7 B 

0.6 > 

1.2 

Ringsted 

2.1 

3.8 

1.5 A 

1.7 

2 .3 

Lol land-Fals ter 
Møn 

2 .1 

0 .8 A 

1.2 A 

1 . 2 ; 0 , 3 

1.2 

Mean 

2 .8 

2 .7 

2 .8 

2.1 

2.6 

As 1 l i t r e of milk contains approx. 1.66 g K, the mean Cs content in Danish 

milk in 1976 was est imated at 4.3 pCi l" 1 . 
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Fig. 5.1.1. Dried milk factories in Denmark. 



- 49 -

Table 5 .1 .4 

Analysis of variance of In 1 3 7Cs pCi (g K)"1 in Danish dried milk 1976 

Variation 

Between locat ions 

Between quarters 

Remainder 

(from table 5.1 

SSD 

6.581 

0.403 

1.582 

f 

6 

3 

18 

.3) 

s 2 

1.097 

0.134 

0.088 

v 2 

12.476 

1.527 

P 

>99.95l 

-

20i SU 

15 

K 60 65 70 »' ' 

Fig. 5.1.2. A comparison between observed and calculated 

(curve, cf. appendix C) S.U.-levels in dried milk from the 

Islands. 
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Fig. 5.I.3. A comparison between observed and calculated 

(curve, cf. appendix C) S.U.-levels in dried milk from Jutland. 

SO 

*o-

30-

20-

10-

* m 
Fig. 5.1.4. A comparison between observed and calculated 

(curve, cf. appendix C) pci Cs/gK levels in dried milk 

from the Islands. 
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wo 

so-

PC. °ti/9 K 

Fig. 5.1.5. A comparison between observed and calculated 

(curve, cf. appendix C) pCi 137Cs/gK levels in dried milk 

from Jutland. 

5.2. Strontlum-90 and Caeslum-137 in Fresh Milk from the 

Entire Country 

The samples of fresh milk were collected in the eight zones 

and in Copenhagen (cf. fig. 5.2.1) in connection with the total' 

diet collection (cf. 5.7). 

Table 5.1.1 

Strontl'im-90 and Caasiun-137 in fresh milk in 197« 

Zone 

Xi North J u t l a n d 

l i s E a s t J u t l a n d 

I I I l Hea t J u t l a n d 

IV: S o u t h J u t l a n d 

Vi Funen 

V I : Z e a l a n d 

V l l i L o l l a n d - r a l s t e r 

VXlXiBornholm 

Mean 

Copenhagen 

P o p u l a t i o n - w e i g h t e d 
mean 

P r o d u c t i o n - w e i g h t e d 
tn»an 

R e l a t i v e e r r o r due 
t o a n e l y e l e 

PCI , 0 S r (g C a ) " 1 

4 . 4 1 0 . 3 

4 . 2 : 0 . 3 

4 . 4 : 0 . 0 

2 . 9 : 0 . 2 

2 . 6 : 0 . 2 

3 . 0 : 0 . 1 

2 . 1 

1 . 7 - 0 . 2 

3 . 4 

3 . 4 - 0 . 1 

1.6 

3 . 1 

71 

June 1974 

p e t 1 3 7 C s (g K ) ' 1 

3 . « 

2 . 3 A 

3 . 0 

2 . 2 A 

2 . 4 A 

1 . 4 2 A 

2 . 0 A 

1 . 0 2 9 

2 . 2 

1 . 7 2 B 

2 . 2 

2.t 

PCI 1 3 , C . I " 

C.2 

3 . 7 A 

4 . 9 

1 . 4 A 

1 . 1 A 

2 . 2 A 

3 . 1 A 

1 . 5 6 B 

1 .6 

2 . ; B 

3 . 6 

4 . 3 

December 1976 

90 - 1 
pCi S r (g Ca) 

3 . 1 

2 . 9 

3 . 7 

2 . 6 A 

2 . 6 

2 . 5 

1 . 7 1 

3 . 7 

2 . 9 

5 . 0 

1 . 5 

3 . 0 

pel 1 , 7cs (g m"1 

1 . 9 1 

1 . 4 5 

2 . 2 1 

1 . 5 4 

1 . 1 9 B 

1 . 9 6 A 

1 .42 A 

1 . 7 9 

1 . 6 9 

3 . 4 1 

2 . 2 

1 . 7 4 

PCi W C . 1*» 

3 . 1 

3 . 3 

3 . 7 

2 . 5 

1 . 1 2 B 

3 . 2 » 

2 . 3 A 

2 . « 

2 . 7 

5 . 7 

3 . 6 

2 , 1 
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Fig. S.2.1. Sample locations for fresh Milk, bread and total diet. 
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Table 5.2.1 shows the results of the determinations of 

radiostrontium and Cs in consumer milk. 

The production-weighted means for Sr and Cs in Danish 

consumer milk in 1976 collected in June and December were 3.4 

S.U. (-u 4.1 pCi 90Sr/l) and 2.2 M.U. or 3.6 pCi 137Cs/l, 

respectively. 

As observed previously (except in 1973), fresh milk showed 

lower levels of caesium than the corresponding dried milk. 

Strontium showed slightly heigher levels in fresh milk than in 

the corresponding dried milk. 

5.3. Strontium-90 and Caesium-137 in Grain from the Entire 

Country 

As in previous years, grain samples were obtained from the 

State experimental farms (cf. fig. 4.1.1). Strontium-90 was 

determined as previously (Risø Report No. 63 ' ) , and Cs was 

measured on pooled ashed samples by y-spectrometry on a Ge-

detector. 
90 Table 5.3.1 shows the measurements of Sr in grain in 1976. 

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, 4/5 is produced in eastern Denmark and 1/5 in 

Jutland. In the calculation of the means in tables 5.3.1 and 

5.3.4. At Jutland is represented by five rye samples and seven 

wheat samples, while eastern Denmark contributes nine wheat and 

four rye samples. Thus the means in table 5.3.1 for wheat are 

higher than the production-weighted means for the country, 

while the rye means are perhaps too low. Table 5.3.2 gives the 

analysis of variance of the S.U. figures and table 5.3.3 that 
90 

of the pCi Sr/kg grain figures. 

Tables 5.3.2 and 5.3.3 show that the variations in S.U. 

between species and locations were significant. Rye showed the 

highest S.U. levels and oats and barley the lowest, while the 

Sr/kg figures were higher in oats than in the other spe< 

As in previous years, the variation with location was highly 
90 

tfleant; the mean pCi Sr/kg leve. 

was 2.3 times that in eastern Denmark. 

Table 5.3.4 shows the measurement! 

1976. The * Cs levels in grain from 1976 were 0.55 times the 

90 
pCi Sr/kg figures were higher in oats than in the other species, 

. t* 
90 

significant? the mean pCi Sr/kg level for grain from Jutland 

137 
Table 5.3.4 shows the measurements of Cs in grain in 
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Tahl« 4 .1 .1 

Strontium-90 in Danish grain ia 1976 

T y l s t r u p 

S t u d s g å r d 

Ødum 

ASKOV 

S t . J y n d e v a d 

B l a n g s t e d g a r d 

T y s t o f t e 

Ledreborg 

Abed 

Åkirkeby 

Mean 

Ry* 

pCi » ° S r k g " 1 

1 9 . 6 

38 

30 

w : 2 1 

34 

23 

io.a 

w : 1 5 . 5 

9 . 3 22 

S . U . 

51 

92 

57 

w:49 

75 

<a 

27 

39 

25 

54 

B a r l e y 

pCi * ° S r k , ' 1 

2 3 

24 

7 . 6 

21 

26 

» . 9 

9 . 4 

a.9 

s.a 

5 . 3 

1 4 . 3 

S . U . 

45 

60 

1 3 . 5 

39 

45 

1 6 . 6 

1 7 . 1 

1 9 . 6 

1 7 . 8 

1 2 . 5 

29 

wheat 

PCi » ° S r k g ' 1 

s : 1 6 . 4 

25 

s t 9 . 6 

w : 1 4 . 7 

29 

s- .43 
w : 6 3 

a.a 
s : 7 . 0 
w i l l . S 
5 : 1 4 . 4 
u: 9 . 8 
s : 4 . 8 
w: 5 . 6 
s : 8 . 6 
w: 9 . 0 

1 7 . 0 

S . U . 

s : 4 7 

a i 

s : 20 
w : 4 2 

62 

£ 74 
w : 1 2 1 

30 

s : 1 8 . 3 
w : 3 2 
s : 2 3 
w:27 
1 : 1 0 . 2 
w:24 
s : 2 3 
w:37 

43 

O a t s 

pCi , 0 S r k g ' 1 

37 

2C 

38 

45 

1 3 . 8 

30 

37 

1 3 . 8 

1 5 . 5 

28 

S . U . 

32 

1 8 . 3 

43 

51 

1 3 . 4 

27 

39 

1 2 . 4 

1 6 . 6 

28 

Tabla 5.3.2 

Analysis of variance of In S.U. in grain in 1976 

(from table 5.3.1) 

V a r i a t i o n 

Between s p e c i e s 

Between l o c a t i o n s 

S p e c , x l o c . 

Remainder 

SSD 

2 .3 8 6 

9 . 4 0 3 

2 . 3 7 8 

1.036 

f 

3 

9 

25 

6 

s 2 

0 .795 

1 .045 

0 . 0 9 5 

0 .173 

v 2 

8 . 3 6 1 

10 .984 

0 . 5 5 1 

P 

> 99.9% 

> 99.95% 

-

Table 5.3.3 

90 .1 
Analysis of variance of In pel Sr kg grain in 1976 

(from table 5.3.1) 

V a r i a t i o n 

Between s p e c i e s 

Between l o c a t i o n s 

S p e c , x l o c . 

Remainder 

SSD 

3 .571 

11 .280 

2 .814 

0 ,394 

f 

3 

9 

25 

6 

s 2 

1.190 

1 .253 

0 .113 

0 .066 

v 2 

10 .575 

11 .133 

1.714 

P 

> 99.95% 

> 99.95% 

-



- 55 -

Table S.3.« 

Caesiun-137 in Danish <jr»ln in 1»7* 

J u t l a n d 
(i.incs I-IV) 

The I s lands 
Uones V-VIII) 

Mean 

**• 
pCi 1 3 7 C . k , ' 1 

lfe.O 

6.5 

U . 8 

M.U. 

J .71 

1.16 

2.02 

Barley 

P c i 1 3 7 c k , - 1 

0.8« B 

3.a 

M,U, 

1.2« 

0.22 B 

0.74 

Wheat 

PCi 1 3 7 C Kg"1 

7.0 

3.0 

4 . » 

«.U. 

1 .7 i 

0 . ( 3 

1.13 

Oats 

PCi 1J7CS kg ' 1 

13.0 

t.s 

» . 4 

K.U. 

L I S 

1.2t 

1.53 

The number of samples from the va r ious species and areas o* the country appears in table 5 . 3 . 1 . 

levels in 1975. The ratio between fall-out in May-August in 

1976 and 1975 was 0.2. 

We may thus conclude that the Cs grain levels in 1976 

were higher than expected from the fall-out in May-August (cf. 
137 Appendix C). This may be due to root-uptake of Cs or to dry 

fall-out not captured by our rain collectors. 

Comparing the S.U. levels in grain from the harvest of 

1976 with the levels from 19751', we find that the 1976 figures 

are 0.8 times the 1975 levels. 

5.4. Strontium-90 and Caepium-137 in Bread from the Entire 

Country 

In 1976, samples of white bread (75% extraction) and dark 

rye bread (100% extraction) were collected all over the country 

in June, and Sr and Cs were determined on pooled samples. 
137 

The Cs determinations were carried out on the ash by Ge y-

spectroscopy. 

Tables 5.4.1 and 5.4.2 show the results. It is assumed 

that 1 kg flour yields approx. 1.35 kg bread ' and that wheat 
90 

flour of 75% extraction contains 20% of the Sr and 50% of the 

Cs found in wheat grain ', while rye flour is 100% extraction. 

Hence we can compare the 1976 bread levels with the 1975 grain 

levels (cf. table 5.4.3). 

Table 5.4.3 shows that the 90Sr and 137Cs levels in bread 

were in reasonable agreement with the above-mentioned model, 
90 

expect for Sr in rye bread, where the bread levels were lower 
than expected. 
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Table 5 .4 .1 

Stront iun-90 in Danish bread in June 1976 

Zone 

Jutland 
(Zones I-IV) 

The Islands 
(Zones V-VIII) 

Mean 

Copenhagen 

Population-weigh ted 
mean 

White bread 

PCi kg"1 

3.2 

1.90 

2.6 

2.6 

2.7 

S.U. 

1.51 

0.92 

1.22 

1.46 

1.33 

Rye bread 

pCi kg"1 

11.9 

10.9 

11.4 

5.9 

10.0 

S.U. 

4.0 

3.6 

3.8 

2.6 

3.5 

Table 5 .4 .2 

Caesium-137 in Danish bread in June 1976 

Zone 

Jutland 
(Zones I-IV) 

The Islands 
(Zones V-VIII) 

Mean 

Copenhagen 

Population-weighted 
mean 

White bread 

pCi kg"1 

4.5 A 

4.6 

4.6 

4.3 

4.5 

H.U. 

2.7 A 

2.8 

2,8 

1.7 

2.5 

Rye bread 

pCi kg-1 

13.5 

15.4 

14.4 

6.9 B 

12.3 

H.U. 

4.3 

4.1 

4.2 

2.5 B 

3.8 

Table 5.4.3 

A comparison between Sr and Cs levels in bread and grain in 1976 

Nuclide 

90sr 

137Cs 

Species 

Wheat 

Rye 

Wheat 

Rye 

Bread activity 
in June 1976 

calculated as 
grain in pCi kg-1 

(cf. text) 

18.2 

13.5 

12.2 

16.6 

Activity in grain 

from harvest 19751' 

pCi kg"1 

20 

20 

9.3 

17.0 

"BreadVgrain 
ratio 

0.9 

0.7 

1.3 

1.0 
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5.5. Strontium-90 and Caesium-137 in Potatoes fro« the Entire 

Country 

The samples of potatoes were collected in September from 

ten of the State experimental farms (cf. fig. 4.1.1) and 

analysed for Sr and Cs (^-spectroscopy of bulked samples 

of the ash). 

Table 5.5.1 shows the Sr and Cs contents in potatoes. 
90 The mean contents for the country were 1.7 pCi Sr/Jcg or 32 

S.U. and 2.2 pCi Cs/kg or 0.6 M.U. The levels were one half 

to one third of those of 1975. 

Table 5 .5 .1 

Strontium-90 and Caesium-137 in Danish potatoes in 1976 

T y l s t r u p 

Studsgård 

Ødum 

Askov 

S t . Jyndevad 

Blangs tedgård 

T y s t o f t e 

Ledreborg 

Abed 

Rønne 

Mean 

pCi 9 0 S r kg" 1 

1 . 5 0 1 0 . 0 3 

0 .89 A 

1.73 

4 .5 - 0 . 5 

1.41 

0 . 8 3 ± 0 . 1 3 A 

3 .1 

1 . 2 9 * 0 . 3 3 

0 . 9 4 ± 0 . 2 2 

0 .71 

1.69 

S .U . 

» 

60 J7 

6 .9 A 

30 

71 *9 

49 

1 1 . 5 * 0 . 3 

35 

33 ±10 

1 5 . 5 * 3 . 1 

1 0 . 9 

32 

PCi 1 3 7 c s kg" 1 

3 . 5 

•4 

1 0 . 9 B 

2 . 2 

.M.U. 

0 . 9 

o.2 a 

0 . 5 5 

5.6. Strontium-90 and Caesium-137 in Vegetables and Fruit from 

the Entire Country 

In 1976, as in previous years, vegetables and fruit were 

collected in the autumn from eight larger provincial towns, one 

in each of the eight zones. The samples were pooled into two 

groups one from Jutland and one from East Denmark (table 5.6.1). 

Some of the ̂ measurements were performed on bulked ash 

samples representing the entire country (cf. table 5.6.2). 
90 

The highest Sr levels (pCi/kg) were found in kale, the 

lowest in apple. 
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TO!« S.fc.l 

-

J u t l t n d 

Tft . I s l a n d s 

n » n 

iab»*>*t 

pCL » » * ' 

4 . 7 - . } . 4 

4 . 5 - 0 . 4 

S-'--. 

1 1 . 5 - 1 . 1 

» . 0 - 0 . * 

S.« i 1 3 . 2 

C a r r o t 

=Cl « » " ' 

2 . « 

4 . 4 

» - 5 

S . SJ. 

• -* 
I l . t 

1 1 . 2 

»»;.* 
p i l k « " 1 ! S . f . 

M 

21 

M 

2« 

1 2 . 1 

1 4 . 0 

C . l . r y r o o t * 

p c i M " ' S . I ; . 

1« . ) 

24 

29 

42 

40 

• * * t f t > « t » 

K i " J " 1 ! » • ' - -

i 
1 4 . 5 ! ' 0 

7 . « i 24 1 J . • *a 

L**k* 

p t i • « " ' 

• . 7 

* . J 

S . U . 

41 

14 

12 

« W l t 

K l » « " ' 

1 . 1 0 

o.» 
1 , 9 0 

S . U . 

22 

20 

21 

*Oftly O M S4M4)llft9 l o c a t i o n 

T«H>1« S.fc.2 

C«»4»ii-*-.17 m T**)*c«sbles «nd frui t tn 1974 

J u t l a n d 

Tha I s l a n d s 

Densark 
I I M ) 

Caabaa« 

Kl »of1 

2 . 1 1 

R.U. 

1 . 0 4 

C a r r o t 

K i «<Tl 

0 . « • 

n.ir. 

0 . 1 • 

« a l » 

K> ko"' 

1 1 . 1 

0 

5 . 4 

K.U. 

J . 4 

S 

1 . 7 

C l a r y roo t 

pCi k a " 1 * . ' T . 

0 

0 

0 

0 

0 

0 

B « * t r o o t 

pCt K<J*1 

4 . 1 

1 . 2 A 

4 . 4 

* . ' I . 

1 . 1 2 

0 . 0 1 * 

0 . * 7 

L**k 

pCt K , " 1 

2 . • * 

7 . 0 » 

5 . 0 

f l . U . 

1 . 2 I A 

1 .14A 

:.!• 

» • » 1 « 

K l k « " 1 « . o . 

1 . 4 « 1 . 5 2 

Table S.6.3 

Calculated Sr and Cm aean levels in vegetables in 1976 

Daily 
intake 
i n 9 

50 

30 

40 

120 

Spec ies 

Leaf vegetables (cabbage, kale) 

Root vegetables (carrot , c e l e r y , 
b e e t , leek) 

Pea 

Vegetable t o t a l 

, 0 S r pCi k g - 1 

6.6 

9 .5 

(4.5) 

6 .6 

S.U. 

10.6 

28 

(17.6) 

17.3 

1 3 7C» pCi k g ' 1 

2.2 

2.6 

(3.7) 

2 .8 

M.U. 

1.07 

0.61 

(0.7) 

0.83 

90 The Sr l e v e l s in peas are those found in 1973 

The Cs l e v e l s in peas are those found lr. 1974 

Table 5.6.3 shows a calculation of the mean contents of 
wSr and iJ/Cs in Danish vegetables collected in 1976 ( uSr in 

peas was taken to be the same as the 1973 figures). The levels 

are the population-weighted means. 

The 1976 levels in Danish fruit were calculated from apples 
90 

and the mean levels in Danish fruit were thus 1.0 pCi Sr/kg 

and 1.9 pCi 137Cs/kg. 

5.7. Strontlum-90 and Caesium-137 In Total Diet from the 

Entire Country 

In 1976 total-food samples representing an average Danish 

diet according to E. Hoff-Jørgensen (cf. Appendix B in Risø 
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Report No. 63 ) were co l lec ted from eight towns each represent­
ing one of the e ight zones (cf. f i g . 5 .2.1) and from Copenhagen. 
The sampling took place as previously in June and December. 

Tables 5 .7.1 and 5 .7 .2 show the r e s u l t s . In contrast to 
previous experience, i t was not possible in 1976 to see any 
s igni f icant difference in the d i e t l e v e l s from Jutland and the 
Islands. 

Figures 5 .7 .1 - 5 .7 .4 show the zone mean l e v e l s (not popu­
lation-weighted) of S.U. and N.U. in to ta l d i e t compared with 
the predicted values (cf. Appendix C). 

Table 5 . 7 . 1 

Strontiunt-90 and Caesium-137 i n Danish t o t a l d i e t c o l l e c t e d i n June 1976 

Zone 

1: North Jut land 

1 1 . East Jut land 

I I I : Hest Jut land 

IV: South Jut land 

V: Funen 

VI: Zealand 

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

VII I : Bornholm 

He an 

Copenhagen 

Populat ion-weighted 
mean 

R e l a t i v e error due 
Co a n a l y s i s 

90 -1 pCi "sr 19 Ca) 

3 . 4 - 0 . 0 

2 . 9 - 0 . 2 

4 . 2 : 0 . 2 

3 . 0 : 0 . 2 

3 . 2 - 0 . 0 

3 . 5 ? 0 . 0 

2 . 9 - 0 . 2 

4 . 8 : 0 . 3 

J .5 

3 . 3 : 0 . 1 

3 .4 

71 

PCi »°Sr d a y ' 1 

5 . 3 : 0 . 0 

5 . 3 : 0 . 4 

6 . 5 : 0 . 2 

5 . 1 : 0 . 3 

5 . 6 : 0 . 1 

5 . 7 : u . l 

4 . 8 - 0 . 3 

7 . 9 - 0 . 4 

5 .8 

5 . 0 : 0 . 2 

5.5 

6% 

g Ca day 

1 . 5 4 : 0 . 0 0 

1 .79 :0 .00 

) . 5 6 : 0 . u : 

1 . 7 0 - 0 . 0 1 

1 .74 :0 .00 

1 . 6 3 : 0 . 0 1 

1 .66 :0 .00 

1 . 6 6 : 0 . 0 0 

1.66 

1 .50 :0 .01 

1.62 

It 

pCi 1 3 7 C s (c K)"1 

2 . 3 

2 .0 

1.7 A 

2 .2 

2.S 

1.9 

2.7 

2 .4 

2 .2 

2.6 

2.2 

pCi 1 3 7 C s day"1 

«.» 
8 .1 

6 . 2 A 

( . 1 

1 0 . 1 

7 .8 

9 . 7 

10 .4 

8 . 6 

1 0 . 8 

8 .9 

Table 5 , 7 . 2 

Strontium-90 and Caesium-137 in Danish t o t a l d i e t c o l l e c t e d in December 1976 

Zone 

I: North Jut land 

I I . East Jut land 

111 s West Jut land 

IV: South Jut land 

Vi Funen 

VI: Zealand 

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

VII I : Bornholm 

Mean 

Copenhagen 

Populat ion-weightea 
mean 

R e l a t i v e error due 
to a n a l y s i s 

90 - 1 
pCi Sr (g Ca) 

1 . 9 : 0 . 0 

1 . 7 : 0 . 4 

1 .8 :0 .1 

l . r - 0 . 1 

2 . 7 : 0 . 1 

2 . 7 - 0 . 2 

3 . 1 - 0 . 3 

3 . 9 : 0 . 2 

1.4 

J . 3 - 0 . 2 

3.4 

9« 

pCi 9 0 S r day"1 

6 . 2 : 0 . 0 

5 . 8 : 0 . 6 

5 . 8 - 0 . 3 

5 . 0 : 0 . 2 

4 . 7 : 0 . 2 

4 . 4 : 0 . 4 

5 . 8 : 0 . 6 

6 . 2 - 0 . 4 

5.5 

5 . 1 : 0 . 3 

5 .3 

l o t 

<j Ca day" 

1 . 5 8 : 0 . 0 2 

1 .55:0 .00 

1 .53 :0 .02 

1 .44 :0 .00 

1 .74 :0 .01 

1 .66 -0 .00 

1 .88 :0 .02 

1 .60 :0 .02 

1.62 

1 .55:0 .01 

1.59 

I t 

pCi 1 3 7 C s (g K)"1 

3.2 

3 .3 

3 .8 

1.6 

2 .3 

1.6 A 

l.i 

1.9 

2.7 

3 .3 

2 .9 

PCI 1 3 , C S day"1 

12.0 

12.4 

14 .2 

6 .2 

8 .7 

5 .8 A 

14 .1 

8 .2 

10.2 

12.4 

11.0 
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The 1976 levels in total diet were approx. 2/3 of the 1975 

levels. 

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

mean levels of 90Sr and 137Cs in the Danish diet in 1976. For 
90 

the period January-April 1976, the Sr level in the total diet 

is assumed to have been equal to that measured in December 1975, 

Risø Report No. 345 . For the period Nay-September we assume 

the level to have corresponded to that measured in June 1976. 

The December 1976 figures are taken to represent the last three 
90 months of the year. The population-weighted mean of Sr in 

90 total-diet samples was 5.2 pCi Sr/g Ca in December 1975. Hence 
on 

the mean content in the total diet in 1976 was 4.0 pCi Sr/g Ca 
90 

or 7 pCi *uSr/day. 
137 Similarly, the Cs content in the Danish diet in 1976 was 

estimated to be 10 pCi 137Cs/day or 2.6 pCi 137Cs/g K. 

pCi *^r/9 Ca 

to 

20 

10 

w» '•»' 

Fig. 5.7.1. A comparison between observed (± 1 S.E.) and 

calculated (curve, cf. appendix C) S.U.-levels in total diet 

from the Islands. 
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10 

sCi *t/9Ci - 61 -

"ws' " —" * 'mi ' ' ' 'mm," ' ' ' 'wtt ' ' \ n»" 
Fig. S.7.2. A comparison between observed (± 1 S.E.) and cal­

culated (curve, cf. appendix C) S.O.-levels in total diet from 

Jutland. 

too 

50 

25-

pCi "ts/o K 

HH Wl 
Fig, 5,7.3. A comparison between observed (i 1 S.E.) and cal-

137 

culated (curve, cf, appendix C) pCi Cs/gK levels in total 

diet from the Islands. 
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75 

50 

25 

pCi 1 3 W g K 
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TST ~rwT 
Fig. 5.7.4. A comparison between observed (± 1 S.E.) and cal­

culated (curve, cf. appendix C) pCi Cs/gK levels in total 

diet from Jutland 

5.8. Strontium-90 and Caesium-137 in Miscellaneous Foodstuffs 

5.8.1. Strontium-90 and Caesium-137 in Meat 

Pork and beef samples were collected in Copenhagen in three 

large shops in June and November. Table 5.8.1 shows the results. 

Table 5.8.1 

Strontium-90 and Caesium-137 in pork and beef from Copenhagen in 1976 

Species 

Pork 

Beef 

Unit 

pri 90sr kg"1 

90 -1 
pCi *uSr (g Ca) 

pCi i37Cs kg"1 

137 -1 
pCi 1J/Cs (g K) 

PCi 90Sr kg"1 

pCi 90Sr (g Ca)" 1 

PCi 137CS kg"1 

137 -1 
pCi 1J/Cs (g K) 1 

.Tune 

0.39 B 

5.9 B 

27 

8.4 

0.98 A 

17.4 A 

14.9 

4.5 

November 

0.26 B 

1.27 B 

17.6 

5.3 

0.38 B 

3.7 B 

49 

17.8 

Mean 

0.32 

3.6 

22 

6.8 

0.68 

10.6 

32 

11.2 
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5.8.2. Strontium-90 and Caesium-137 in Fish 

Fish samples were collected in inner Danish waters together 

with the sea-water samples (cf. 7).Table 5.8.2 shows the results. 

The mean levels in fish from 1976 were 59 pCi Cs/kg (8 samples) 
90 

and 0.52 pCi Sr/kg (8 samples). 

Table 5.8.2 

Strontium-90 and Caesium-137 in fish collected in 197$ 

Species 

P l a i c e 

Herring 

Cod 

P l a i c e 

Herring 

Cod 

Herring 

Ee l 

Location 

The north pa r t 

of the Great Be l t 

The nortli pa r t 

of the Great Be l t 

The nortli p a r t 

of the Great Be l t 

Rødbyhavn 

Rødby hav . 

"Fehmern Be l t " 

(ladbyhavn 

"Fehmern Be l t " 

Roskilde f jord 

Roskilde f jord 

Meat 

Bone 

Meat 

Bone 

Meat 

Bone 

Meat 

Bone 

Heat 

Bone 

Meat 

Bone 

Heat 

Bone 

Meat 

Bone 

S 0 Sr pCi k g ' 1 

0.1 B 

0.3 B 

0.2 B 

1.00 A 

0 .3 B 

1.79 

0.2 B 

0.28 A 

90 - 1 Sr pCl (g Ca) 

0.1 B 

0.64 

o.a B 

O.Ot B 

0 .1 B 

0.35 

1.04 A 

0.80 

0.4 B 

0.09 B 

1.03 

1.12 

0.2 B 

0 .1 B 

0.69 A 

0.59 

137CS pCi kg" 1 

34 

54 

50 

82 

64 

67 

76 

41 

137CS pCi (g K ) ' 1 

10.0 

14.1 

13.4 

23 

• 15.0 

18.8 

18.3 

15.1 

5.8.3. Strontium-90 and Caesium-137 in Various Foods 

As compared with the corresponding sampling in 1974 ', 

levels were generally lower in 1976. 

the 

Table 5.8.3 

Strontium-90 and Caesium-137 in various foods co l lec ted 
in December 1976 

Orange 

Banana 

Coffee 

Tea 

pCi 9 0 S r kg" 1 

10 .7 

0 .43 A 

6 . 8 A 

8 .2 

S .U. 

1 2 . 5 

1 5 . 1 A 

5 . 6 A 

1 9 . 4 

pCi 1 3 7 C s kg" 1 

2 . 8 

1.4 B 

38 

31 

H.U. 

2 . 1 

0 . 4 B 

1 .8 

2 . 1 
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5.9. Estimate of the Mean Contents of Sr and Cs in the 

Human Diet in Denmark in 1976 

5.9.1. The Annual Quantities 

The annual quantities are calculated by multiplication of 

the daily quantities by 365 (as stated by E. Hoff-Jørgensen, cf, 

Risø Report No. 63, table B '). 

Table 5.9.1 

90c Estimate of the Sr content in grain products consumed 

per capita in 1976 

Type 

Rye flour 
(100% ex­
traction) 

Wheat flour 
(75% ex­
traction) 

Grits 

Total 

Fraction from harvest 

1975 

Kg flour 

21.9 

32.9 

5.5 

60.3 

pCi kg"1 

20 

4.0 

12.4 

10.6 

pCi 

438 

132 

68 

639 

Fraction from harvest 

1976 

kg flour 

7.3 

10.9 

1.8 

20.0 

pCi kg"1 

22 

3.4 

11.2 

10.9 

pCi 

161 

37 

20 

218 

Total 

oCi 

599 

169 

88 

857 

5.9.2. Milk and Cream 

The Sr and Cs contents per kg milk were calculated 

from the annual mean values fox 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 
90 

K. Hence the mean contents in milk were 4.1 pCi Sr/kg and 4.3 

pCi J->'cs/kg. 
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Table 5.9,2 

Estimate of the Cs content in grain products consumed 
per capita in 1976 

Type 

Rye flour 
(100% ex­
traction) 

Wheat flour 
(75% ex­
traction) 

Grits 

Total 

Fraction from harvest 

1975 

kg flour 

21.9 

32.9 

5.5 

60.3 

pCi kg - 1 

17 

4.6 

12.3 

9.8 

pCi 

372 

151 

68 

591 

Fraction from harvest 

19 76 

kg flour 

7.3 

10.9 

1.8 

20.0 

pCi k g - 1 

11.8 

2.4 

7.0 

6.2 

pCi 

86 

26 

12.6 

125 

Total 

DCi 

458 

177 

81 

716 

5.9.3. Cheese 

One kg of cheese contains approx. 8.5 g Ca and 1.2 g K. 

The Sr and Cs 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). One kg of cheese appeared to contain 

28.9 pCi 90Sr and 3.1 pCi 137Cs. 

Table 5.9.3 

Estimate of the mean content of Sr in the human diet in Denmark in 1976 

Type of food 

Milk and cream 

Cheese 

Grain products 

Potatoes 

Vegetables 

Fruit 

Meat 

Eggs 

Fish 

Coffee and tea 

Drinking water 

Total 

Annual 
quantity 
in kg 

164.0 

9.1 

80.3 

73.0 

43.8 

51.1 

54.7 

10.9 

10.9 

5.5 

548 

PCi 9 0Sr 
per kg 

4.1 

28.9 

10.7 

1.7 

6.6 

2.3 

0.4 

0.9 

0.5 

7.3 

0.02 

Total 

PCi 9 0Sr 

672 

263 

859 

124 

289 

118 

21.9 

9.8 

5.4 

40 

11 

2413 

Percentage of 
90 

total pCi Sr 
in food 

27.9 

10.9 

35.6 

5.2 

12.0 

4.9 

0.9 

0.4 

0.2 

1.7 

0.3 

The mean calcium intake was estimated at 620 g (approx. 200-250 g Creta 
90 

praeparata). Hence the Sr/Ca ratio in the total diet was 3.9 S.U. 

in 1976. 
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5.9.4. Grain Products 

Tables 5.9.1 and 5.9.2 show the estimates of 90Sr and 137Cs, 

respectively, in grain products consumed in 1976. Prom these 

tables, the activity levels in grain products were estimated at 

10.7 pCi 9 0SrAg *nd 8.9 pCi 1 I 7CsAg. 

t « b l t 5 .9 .4 

estimate of the swan content of »T Cs in th* huaan d i e t i n Deratark in 197* 

Type of food 

Milk and creaa 

Cheese 

Grain products 

Potatoes 

vegetables 

Fruit 

(teat 

Eggs 

Fish 

Coffee and tea 

Drinking water 

Total 

Annual 
quantity 

in kg 

1*4.0 

9 .1 

• 0 . 3 

73.0 

43. » 

51.1 

5«.7 

10.9 

10.9 

5.5 

54« 

»Ci »7CS 
per kg 

4.3 

3.1 

a.9 

2.2 

2.« 

2.0 

25.3 

2.7 

59 

35.7 

0 

Total Percentage of 
pCi U 7 C s tota l pCi l J 7 C s 

in food 

705 

12 

71* 

i n 

123 

102 

13«4 

29 

(43 

194 

0 

4071 

17.3 

0.3 

17. * 

4.0 

3.0 

2.5 

34.0 

0.7 

15.1 

4 .1 

0 

As the approximate intake of potassiuK was 13*5 g, the oCi Cs (g K)~ 
rat io was appro*. 3 . 0 . The dai ly mean intake in 1976 was 11.2 pCi Cs 
per capita. 

5.9.5. Potatoes 

90, The figures in table 5.5.1 were used, i.e. 1.7 pCi Sr/kg 

and 2.2 pCi 1 3 7CsAg. 

5.9.6. Vegetables 

Table 5.6.3 shows the calculation of Sr and Cs in 

Danish vegetables consumed in 1976. The mean contents were 6.6 

pCi 9 0SrAg and 2.8 pCi 1 3 7CsAg. 

5.9.7. Fruit 

The levels in imported fruit in 1976 are assumed to be 

equal to the mean levels found in oranges and bananas collected 
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in Copenhagen in 1976, i.e. 5.6 pCi Sr/kg and 2.1 pCi Cs/kg. 

The mean levels in Danish fruit (apples) in 1976 were 1.0 pCi 

Sr/kg and 1.3 pCi Cs/kg (cf. 5.6). The daily mean con­

sumption of fruit consisted of 100 g of Danish and 40 g of 

foreign origin. Hence the mean contents in fruit were 2.3 pCi 
9 0SrAg and 2.0 pCi 137Cs/kg. 

5.9.8. Meat 

90 137 
The annual mean values of Sr and Cs in meat were cal­

culated from table 5.3.1: 0.4 pCi 90Sr/kg and 25.3 pCi 137Cs/kg. 
(In a Danish diet meat comprises 2/3 pork and 1/3 beef). 

5.9.9. Fish 

90 137 
The Sr and Cs contents in fish are estimted from 

table 5.8.2 at 0.5 pCi 90Sr/kg and 59 pCi 1 3 7CsAg. 

5.9.10. Eggs 

The activity contents in eggs were estimated from a 1975 
90 sample collected in Copenhagen. The levels were 0.9 pCi Sr/kg 

and 2.7 pCi 137Cs/kg. 

5.9.11. Coffee and Tea 

One third of the total consumption consists of tea and two 

thirds of coffee. The mean contents from table 5.8.3 were used: 

7.3 pCi 90Sr/kg and 35.7 pCi 137Cs/kg. 

5.9.12. Drinking Water 

90 Th i Sr level (population-weighted mean) found in drinking 

water collected in June 1973 was used as the mean level for 
90 137 

drinking water, i.e. 0.02 pCi Sr/1. The Cs content in 

drinking water is assumed to be negligible, because it cannot 

be detected even in surface fresh water (cf. 4.4). 
5.9.13. Discussion 

90 137 

Tables 5.9.3 and 5.9.4 show the estimates of Sr and 'Cs 

in the Danish diet in 1976. The figures should be compared with 

the levels calculated from the total-diet samples (cf. 5.7). 
90 

The Sr estimates obtained by the two methods were 3.9 S.U. and 
137 

4.0 S.U. respectively, and the Cs estimates were 11 pCi 
137Cs/day and 10 pCi 137Cs/day. 



- 68 -
90 The relative contributions of Sr from milk products (i 39%) 

and from grain (36%) were similar to those in 1975. The con­

tribution from potatoes, other vegetables, and fruit was * 22%, 

i.e. also nearly unchanged from 1975. The relative contribution 

of Cs in the total diet changed as follows from 1975 to 1976: 

milk products were a little higher (16 to 18%), grain products 

decreased from 31 to 18%, and meat was higher (25 to 34%). Fish 
137 contributed nearly 16% to the total Cs intake in 1976. 
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6. STRONTIUM-90 AND CAESIUM-137 IN MAN IN 1976 

6.1. Strontium-90 in Human Bone 

The collection of human vertebrae from the institutes of 

forensic medicine in Copenhagen and Arhus was continued in 1976. 

As in the total-food survey (cf. 5.7), the country was divided 

Table 6 .1 .1 

Strontium-90 in bone from new-born chi ldren (< 1 month old) i n 1976 

Zone 

VI 

VI 

Age in 
days 

2 

* 30 

Month 
of 

death 

3 

i> 5 

Sex 

F 

F 

90 -1 
pCi Sr (g Ca) 

1.20 A 

0.85* 

•3 samples combined in one analysis. 

Table 6 .1.2 

Strontium-90 in bone from infan ts (^ 4 years old) i n 1976 

Zone 

II 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

Age in years 
and months 

4 m 

i y 

4 m 

4 y 

^ 4 m 

^ 2 m 

^ 6 m 

--3 m 

Month 
of 
death 

8 

4 

9 

10 

•v 4 

-v- 5 

<\, 6 

•ao 

sex 

H 

M 

F 

F 

F 

F 

F 

F 

pCi 90Sr (g Ca)" 1 

1.48 

1.00 A 

1.01 

1.0 B 

1.24* 

1.09* 

1.15" 

0.93*» 

* 4 samples combined in one analysis 

**2 samples combined in one analysis 
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into eight zones. The samples were divided into five age groups: 

new-born (< 1 month), infants (1 month-4 years), children and 

teenagers (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 on the average two-thirds of those in 1975. 

The highest mean level in vertebrae was found in infants, but 

the levels in the different age groups were not much different. 

Table 6 .1 .3 

3trontium-90 in bone from chi ldren and teenagers {<_ 19 years) in 1976 

Zone 

II 

II 

II 

II 

III 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

1 vi 

Age in 
years 

11 

17 

5 

17 

8 

18 

9 

18 

14 

14 

19 

17 

14 

19 

15 

15 

9 

15 

18 

15 

18 

9 

17 

16 

15 

Month 
of 

death 

7 

9 

8 

8 

9 

6 

2 

10 

2 

2 

10 

2 

2 

3 

10 

10 

3 

2 

4 

5 

4 

4 

11 

11 

11 

Sex 

M 

F 

M 

M 

M 

M 

F 

F 

F 

F 

F 

M 

M 

M 

H 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

90 -1 
pCi *uSr (g Ca) 

1.12 

0.71 

1.40 

1.26 

1.04 

0.91 

0.4 B 

1.5 B 

0.86 

1.28 

0.54 

0.94 

0.84 

0.74 

0.93 

1.2 B 

1.03 

1.2 B 

0.51 

0.66 

0.84 

1.30 A 

0.94 

0.90 

0.74 
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Table 6.1.« 

Strontium-90 in vertebrae fro« adults (_< 29 years) in 1976 

Zone 

II 

II 

II 

II 

II 

III 

III 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

Age in 
years 

26 

21 

29 

23 

25 

22 

20 

27 

23 

23 

22 

22 

22 

23 

24 

25 

26 

26 

20 

27 

23 

25 

29 

26 

24 

Month 
of 
death 

8 

9 

9 

9 

6 

8 

6 

8 

10 

10 

9 

5 

11 

11 

1 

1 

1 

1 

3 

2 

3 

2 

2 

3 

4 

Sex 

M 

M 

M 

M 

M 

n 
M 

M 

F 

F 

F 

F 

F 

F 

M 

M 

M 

A 

M 

M 

H 

K 

H 

M 

M 

90 
pCi Sr (g Ca) 

0.66 

1.17 

0.82 

0.77 

1.02 

0.87 

1.08 

0.79 

1.42 

1.01 

0.70 

0.86 

0.85 A 

0.64 

1.16 A 

1.99 

1.42 

1.42 

1.62 A 

0.88 

0.93 

1.21 

1.29 

0.77 

0.98 A. 

-1 
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Table 6 .1 .5 

Strontxvun-90 in vertebrae from adults (> 29 years old) in 1976 

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 

I I I 

I I I 

I V 

V 

VI 

VI 

VI 

VI 

VI 

Age i n 
y e a r s 

42 

51 

83 

45 

38 

54 

69 

63 

37 

47 

44 

68 

30 

41 

96 

67 

40 

31 

57 

47 

79 

36 

35 

39 

30 

34 

Honth 
o f 

death 

9 

6 

J 

5 

8 

6 

8 

7 

7 

7 

8 

6 

8 

8 

8 

5 

9 

8 

9 

7 

7 

2 

2 

2 

5 

5 
i 

S e x 

F 

M 

N 

F 

F 

F 

F 

M 

H 

N 

M 

H 

M 

M 

M 

F 

F 

F 

H 

F 

F 

F 

F 

F 

F 

F 

90 - 1 
pCi ' u s r (g Ca) 

0 . 8 0 

0 . 7 8 

1.43 

0 . 5 1 

0 . 7 7 

0 . 8 1 

0 . 8 B 

1.26 

2 .3 9 

1.03 

1.01 

1.66 

0 . 8 5 

0 . 5 8 

1.21 

0 . 9 5 

1.10 

1.05 

1.00 

0 .S2 

0 .90 

1.52 A 

0 . 7 5 

0 . 6 5 

0 . 8 5 A 

0 .84 

Table 6.1.6 

Strontium-90 (pCi (g Ca) ) in human vertebrae collected in Denmark in 1976 

Age group 

New-born 
(< 1 month) 

I n f a n t s 
(.£ * yea r s ) 

Chi ldren 
{<_ 19 years ) 

Adul ts 
(^ 29 years ) 

Adults 
{>_ 30 years) 

Number of 
samples 

4 

16 

25 

25 

26 

Number of 
a n a l y s i s 

2 

8 

25 

25 

26 

Min. 

0 ,85 

0 .93 

0,19 

0.64 

0 .51 

Max. 

1.20 

1.48 

1.48 

1.99 

2.39 

Median 

1.03 

1,07 

0,93 

0 .98 

0 ,91 

Mean of 
a n a l y s i s 

1.03 

1.12 

0,95 

1.05 

1.01 

Sample nuittber 
weighted mean 

0,94 

1.13 

0.95 

1,05 

1.01 
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i l '«2 , «3 , »i , l5 '« '»7» i '«» , 70 '7r72 , 73 '7* t 75 '1» ' 

Fig. 6.1.1. Strontium-90 in bone 
from newborn 1961-76. 

pC> *°Sr / g Ca in Infants (>t month«* y i a o l 
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i 
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». 

V 
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Fig. 6.1,2. Strontium-90 in bone 
from infants 1962-76. 
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1 \ 

1 \ 

I «. 

3-
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ii'ii'il,WU'U<iViå'WH'h'1i,1Vii."K'%' 
Fig. 6.1.3. Strontium-90 in bone 

from children 1961-76. 

A-, 

-J 

Fig, 6.1.4. Strontium-90 in vertebrae 
from adult« < 28 y,1961-76. 
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pC> *°%i I $ C« i« AMti (> 1* yMf 11 

1 

1 r \ 
! 

; 

TTiririririrTT^rirw'TrTrTrTiTTiTr— 
Fig. 6.I.S. Strontiud-90 in vertebrae fro« adult* > 29 y,1961-76. 

15 
pCi ^Sr /gCa 
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T 1—I 1 ' — I » ' | " | I ' I " M 
34 U d 30 d 3m »mSmly 2y *y 7y Wy 20y *0yMy lOOy 

Fig. 6 . I . 6 . Strontium-90 in huMan vertebrae in 1976 (the f igures 
in the c i r c l e s indicate the nuwber of saitples) . 
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CtfølM2 

C4hoft M6 

Fig. 6 .1 .7 . Strontium-90 in numan bone from Danish cohorts 
1960-67 (Abscissa: age in years. Ordinate: bone leve l in 
pCi 9 0 Sr/g Ca). 
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6.2. Caesium-137 in the Human Body 

Whole-body measurements were initiated at Risø in July 1963 

(cf. 2.3 in Risø Report No. 85 ' ) . A control group from the 

Health Physics Department was selected and has since then been 

measured as far as possible three times a year. Table 6.2 shows 

the results. 

The annual mean value of the control group was 9.5 pCi 
137 

Cs/g K. As earlier, we shall consider this figure represen­

tative of the mean of the Danish population in 1976. The total-

body content of Cs in 1976 for a standard man containing 140 
—3 137 

g of potassium equals 140 • 9.5 • 10 nCi = 1.3 nCi Cs, i.e. 

approx. 80% of the 1975 level. 

Figure 6.2 shows the mean M.U. values (with one S.E.) for 

men and women measured in 1963-1976. 

The maximum was reached in August 1964. The figure also 

shows that the mean level in the male group was approx. 1.3-1.5 

times as high as that in the female group. 
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Table 6.2 

whole-body measurements of caesiura-lJ7 and potassium in 1976 

«o. 

2 

4 

7 

S 

10 

a 
12 

i s 

18 

20 

22 

27 

10 

33 

35 

39 

(J 

44 

48 

57 

59 

62 

2 

7 

8 

10 

19 

20 

22 

23 

24 

2« 

10 

n 
33 

35 

41 

44 

48 

50 

SI 

54 

CO 

ei 
42 

2 

7 

8 

10 

12 

1» 

20 

22 

23 

24 

25 

30 

32 

34 

35 

39 

43 

48 

53 

54 

57 

59 

81 

83 

ri?u 
half 

Sex 

F 

F 

F 

M 

M 

M 

M 

F 

M 

M 

M 

M 

N 

M 

M 

r 

» 
F 

F 

H 

M 

M 

F 

F 

H 

M 

H 

M 

II 

H 

M 

r 
M 

P 

H 

H 

H 

P 

P 

H 

M 

r 
p 

p 

H 

P 

P 

M 

M 

H 

M 

M 

R 

H 

n 
r 
H 

P 

K 

H 

P 

M 

P 

P 

P 

H 

X 

P 

P 

CountIny 
date 

Apri 1 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Aug 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Dec 

-
-
-
-
-
-
-
-
• 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Age 

28 

52 

48 

44 

24 

28 

38 

40 

37 

43 

53 

19 

30 

44 

34 

27 

54 

26 

37 

26 

29 

41 

27 

47 

44 

23 

33 

43 

52 

45 

44 

36 

30 

47 

44 

34 

64 

2« 

39 

28 

44 

35 

38 

32 

40 

28 

48 

44 

24 

38 

33 

44 

53 

46 

45 
34 

30 

47 

34 

35 

27 

59 

37 

50 

36 

27 

39 

33 

41 

res In brack?l» relate 
of detection Unit. 

Height 
in cm 

165 

161 

171 

193 

170 

172 

174 

165 

178 

172 

183 

170 

168 

184 

181 

172 

167 

170 

162 

187 

190 

173 

165 

171 

193 

171 

174 

172 

183 

192 

170 

160 

168 

157 

184 

181 

167 

170 

162 

169 

175 

163 

164 

158 

173 

165 

171 

193 

171 

1 7 ' 

174 

172 

183 

192 

170 
167 

164 

157 

177 

181 

172 

167 

162 

154 

163 

187 

190 

158 

164 

to result 

Weight 
in kg 

52 

59 

63 

76 

64 

74 

80 

52 

90 

69 

72 

63 

61 

62 

74 

64 

69 

54 

51 

78 

82 

71 

52 

63 

78 

M 

69 

69 

72 

87 

7$ 

54 

60 

62 

( 2 

75 

61 

53 

SO 

67 

• 9 

60 

83 

43 

6 6 

S3 

64 

79 

63 

• 1 
71 

69 

72 

86 

61 
56 

62 

61 

70 

76 

66 

69 

50 

99 

62 

80 

84 

44 

73 

* below A 

M.U. 
in body 

14.6 

10.1 
12.5) 
40 

14.4 
10.1 
2.4 B 

12.51 
6 . 3 

7 . 8 

2.5 D 
1.4 B 
2.9 B 

12.1 
1.7 B 

{2.51 

21 

36 B 
12.8 
3.1 B 
2.0 B 
7.6 A 

9 . 1 

9.1 A 

20 

12.3 

10.3 
13.4 

11.9 
2.7 B 
7.« A 

11.3 
9 . 7 

14.4 
38 

17.4 
7.3 A 

IS.S 
12.0 
34 

14.3 
15.8 
16.7 
17.8 
13.0 
(2.51 
14.3 
(2.5) 
(2.5) 
(2.5) 
(2.5) 
(2.5) 
(2.5) 
(2.5) 
(J.») 

34 

13.S) 
12.5) 
(2.5) 
(2.SI 
12.S) 
12.5) 
(3.5) 
12.5) 
12.5) 
(2.S) 
12.5) 
(2.5) 
3.7 I 

elect ion 1 

nCi 1 J ' c s kg"1 

21 

13.8 
(3.0) 
70 

26 

18.8 
3.5 B 

(3.5) 
9 . 9 

12.8 

4.2 B 
2.4 B 
4.8 B 

24 

2.8 B 
(3.0) 
34 

52 B 
16.8 

5.4 B 
3.3 B 

12.6 A 
15.0 
14.2 A 
38 

24 

19.4 
32 

23 

4.9 > 
14.7 A 

24 

1 7 . ( 
26 

57 

33 

13.8 A 
33 

17.7 

69 

37 

30 

31 

36 

21 

(1.5) 
17.1 

(4.51 
13.81 
14.3) 
(4.51 
14.0) 
(4.5) 
(4.0) 
13.») 

41 

14.9) 
(3.0) 
14.0) 
14.2) 
13.5) 
(4.0) 
(3.5) 
13.3) 
(2.5) 
14.5) 
14.0) 
(J.3) 
4.0 > 

1ml t . They were e 

9 K kg"1 

body weight 

1.5 

1.4 

1.2 

1 .7 

1.8 

1.9 

1.4 

1.4 

1.6 

1.6 

1.7 

1.7 

1.6 

2 .0 

1.6 

1.2 

1.6 

1.4 

1.3 

1.7 

1.7 

1.7 

1.7 

1.6 

1.9 

2 . 0 

1.9 

1.6 

1'.9 

1.8 

1 .9 

1 .3 

1 .8 

1.6 

2 . 0 

1.9 

1.9 

l . S 

1 .5 

1.8 

1.9 

1 .3 

1 .3 

1 .5 

1 .8 

1.4 

1 .3 

1 .8 

l . S 

1.7 

1 .8 

1.6 

l . S 

1.6 

1 .5 
1 .2 

1 .6 

1 .2 

1 .6 

1 .7 

1 .4 

1 .6 

1 .4 

0 . 9 

1.0 

1 .8 

1.6 

1 .3 

1 .1 

»tlr.eted at 
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200 

100 

pCi ,3^s/g K 

z * — • i • •-

Fig. 6.2. A comparison between observed (i 1 S.E.) and cal­

culated (curve, cf. appendix C) pCi Cs/gK levels in whole-

body from the Islands. 
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7. STRONTIUM-90 AND CAESIUM-137 IN SEAWATER IN 1976 

As in previous years, seawater samples were collected by 

M/S Fyrholm in the summer and late autumn from inner Danish 

Waters (cf. table 7.1 and figs. 7.1 and 7.2). Furthermore, 

seawater samples were collected at Barseback in the Sound 

(table 7.2), and at Ringhals in the Kattegat (table 7.3). The 

DANA took samples in the North Sea and the Skagerak in February 

and in June (table 7.4). 

In Risø Report No. 305 it was suggested that the in­

creasing Sr and Cs levels observed in 1973 in inner Danish 

waters were due to contamination from inflow of water from the 

North Sea contaminated with Cs and Sr from nuclear plants 

in the UK and France. 
90 In accordance with this hypothesis, the Sr concentration 

increased especially in seawater of high salinity as shown in 

the following regression equations: 

pCi 90Sr l" 

pCi 90Sr l" 

pCi 90Sr l" 

pCi 90Sr l" 

pCi 90Sr l" 

pCi 90Sr l" 

0.94 - 0.018 o/oo (1967-71) 

0.97 - 0.020 o/oo (1972) 

0.95 - 0.014 o/oo (1973) 

0.93 - 0.010 o/oo (1974) 

0.79 - 0.006 o/oo (1975) 

0.71 - 0.002 o/oo (1976) 

(The regression analysis showed significant or probably 

significant regression in all cases except in 1973, 1975 and 

1976). 
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Table 7.1 

Stror.tiun-SO in sea m w r c o l l e c t e d around Xealaad in June and :<cveaB*r 1*T« 

K u l i e n 

H e s s e l « 

K a t t e g a t SH 

1 

Juntas r e e f 

H a l s k o v r e e f 

L a n g e l a n d b e l t 

Fehaern b e l t 

Gedser r e e f 

Hsen 

The Sound * s o u t h 

The Sound - n o r t h A 

m m <• 

The Sound - n o r t h • 

IWan 

SD 

St 

m a n 

SO 

SE 

Post t i on 

s 

5 * ° 1 5 ' 

5 * ° 1 0 -

5 * ° 0 7 ' 

S S ° 1 4 ' 

5 S ° 2 0 ' 

5 4 ° 5 2 " 

S 4 ° 1 4 -

5 4 ° 2 « ' 

5 4 0 S 7 ' 

SS°25-

S S 0 « « ' 

S 5 ° S * ' 

e 

I 2 ° 2 i -

l l ^ T 1 

l l ° i 0 ' 

1 0 ° « 7 ' 

l l ° 0 2 ' 

10° W 

l l o 0 S ' 

i2°iv 

1 2 ° « 1 ' 

12° I V 

H ° 4 4 ' 

1 2 ° 4 2 ' 

J u n e 

d e p t h 
i n a 

a 

22 

0 

22 

0 

1* 

0 

44 

0 

4S 

0 

47 

1) 

10 

0 

2« 

0 

2« 

0 

12 

0 

20 

0 

27 

S u r f a c e 

• o t t o « 

S r - 1 
pCi l 

4 . 4 4 

» . 7 « 

0 . 4 1 

4 . 4 « 

0 . 5 2 

B .42 

0 . 4 4 

0 . 4 7 

0 . 4 4 

0 . 4 7 

0 . 4 4 

0 . 0 « 

0 . 0 4 

0 . 5 1 

0 . 4 4 

0 . 0 4 

S a l i n i t y 
o / o o 

I « . S 

1 1 . 2 

I « . 2 

1 1 . 4 

1 5 . 1 

1 1 . « 

u.o 
1 2 . 1 

1 4 . 4 

1 2 . 0 

1 2 . 4 

M . 2 

1 0 . 1 

2 4 . 9 

••• 

4 . 1 

1 1 . 4 

7 . * 

* . l 

1 5 . 4 

I « . 2 

1 2 . 1 

1 4 . 4 

4 .S 

1 . ) 

2 7 . 1 

4 . 4 

1 . 5 

" V i 
pCi 1 l 

0 . 4 2 

1 .02 

0 . 7 7 

0 . 4 4 

0 . 1 7 

0 . * 4 

o.*s 

1 . 2 4 

0 . 4 4 

1 . 2 4 

0 . M 

1 .51 

0 . 7 * 

0 . 4 * 

0 . 4 1 

0 . 4 1 

3 . 7 2 

0 . M 

0 . 5 5 

0 . 5 5 

0 . » 4 

0 . 7 4 

0 . * * 

1 .20 

0 . 4 1 

0 . 1 1 

0 . 0 4 

o.»» 

0 . 2 4 

0 . 0 4 

Sovaadtar 

d e a t h 
in m 

C 

2 1 

0 

2 5 

0 

42 

0 

4 * 

0 

so 

0 

24 

0 

2 1 

20 

0 

12 

0 

1« 

0 

2 7 

Surfac« 

• o t c o a 

aCi I l 

4 . 4 * 

0 . 4 4 

0 . 4 « 

0 . 7 5 

0 . 4 « 

l o s t 

0 . 4 1 

0 . 7 5 

l o s t 

0 . 4 « 

0 . 4 0 

0 . 4 4 

0 . 5 « 

0 . 4 4 

0 . 5 4 

4 . 7 1 

0 . 0 « 

0 . 0 1 

0 . 4 5 

0 . 1 1 

0 . 0 5 

S a l i n i t y 
OA>Q 

2 » . » 

1 4 . 1 

2 1 . 4 

2 * . J 

2 4 . 1 

» . 7 

2 5 . « 

2 » . l 

2 5 . 5 

1 1 . T 

1 * . * 

2 4 . 5 

1 1 . * 

1 1 . « 

l a s t 

2 5 . 7 

2 1 . « 

1 1 . 7 

1 1 . 5 

2 2 . 9 

1 2 . 7 

2 2 . 1 

5 . « 

1 . « 

2 * . » 

4 . 0 

1 . 1 

•o r1 

1 . 2 5 

1 . 1 « 

1 . 1 4 

l . « 7 

1 . 1 4 

1 . 1 4 

0 . * 4 

1 .3 1 

0 . * « 

1 . 0 5 

0 . 4 0 

1 .5« 

0 . 4 4 

0 . 4 4 

1 . 0 1 

0 . 4 2 

1 . 0 4 

0 . 5 1 

1 . 2 7 

0 . 4 0 

l . ) 2 

0 . 4 7 

0 . 2 « 

0 . 0 « 

1 .27 

0 . 2 ? 

0 . 0 7 
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Table 7 . 2 

Strontium-90 and Caesium-137 in sea water c o l l e c t e d in the Sound (Barseback) i n 1976 

P o s i t i o n 

N 

55°42'08" 

55°47 ,05" 

E 

12°54' 

— •* — 

12°51'07" 

Mean 

SD 

SE 

Mean 

SD 

SE 

June 

depth 
in m 

0 

14 .5 

0 

16 

Surface 

Bottom 

pCi 1 

0 .55 

0.51 

0 .63 

0 .55 

0.59 

0 .06 

0.04 

0 .55 

0 .06 

0 .04 

pCi 1 x 

0.71 

1.03 

1.22 

1.13 

0.97 

0.36 

0.26 

l.oa 

0.07 

0 .05 

S a l i n i t y 
o/oo 

19 .1 

24 .1 

19.9 

26 .0 

19.5 

0.6 

P.4 

25 .0 

1.3 

1.0 

December 

depth 
in m 

0 

14 

0 

15 

Surface 

Bottom 

1 3 7 c s . 
pCi 1 

0 .69 

1.13 

0 .S1 

1.23 

0 .75 

0 .08 

0 .06 

1.18 

0 .07 

0 .05 

S a l i n i t y 
o / o o 

1 1 . 8 

1 8 . 8 

l o s t 

2 7 . 7 

1 1 . 8 

2 3 . 2 

6 . 3 

4 . 4 

T a b l e 7 . 3 

S t r o n t i u m - 9 0 and Caes ium-137 i n s e a w a t e r c o l l e c t e d a t R i n g h a l s i n J u l y 1976 

P o s i t i o n 

N 

5 7 ° 1 6 ' 0 5 " 

57°13*03" 

5 7 ° 1 4 ' 

— it — 

E 

1 2 ° 0 6 ' 

12°03*04" 

1 1 ° 5 3 ' 0 6 " 

_ m _ 

Mean 

S .D . 

S . E . 

Mean 

S .D . 

S . E . 

d e p t h 
i n m 

0 

15 

0 

24 

0 

74 

S u r f a c e 

Bottom 

9 0 S r PCi T 1 

0 . 7 1 

0 . 6 5 

0 . 7 1 

0 .84 

0 . 6 8 

0 . 9 3 

0 . 7 0 

0 . 0 2 

0 . 0 1 

0 . 8 1 

0 . 1 4 

0 . 0 8 

137cs pa r 1 

0 . 9 0 

1 . 0 5 

0 . 9 1 

1 .16 

0 . 9 6 

0 . 9 0 

0 . 9 2 

O.Oi 

0 . 0 2 

1 .04 

0 . 1 3 

0 . 0 8 

S a l i n i t y 
o / o o 

2 0 . 7 

3 5 . 9 

2 8 . 3 

3 1 . 6 

1 0 . 7 

3 3 . 2 

1 9 . <) 

8 . 8 

5 . 1 

3 3 . 6 

2 . 2 

1 .2 
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Table 7.4 

Strontium-90 and Caesium-137 in sea water co l l ec ted 

at the North Sea in 1976 

P o s i t i o n 

57°30'N 08°00'E 

61°03'N 01°05*W 

59°32'N 00°44 'E 

59°21'N 02°57 'E 

54°18*N 07°44 'E 

55°18'N 05°00 'E 

59°51'N 03°28 'E 

56°42'N 06°43 'E 

56°37'N 04°35 'E 

S6015*N 05°30'E 

56°15'N 07°30 'E 

57°14'N 01°54 'E 

Date 

Feb 2 

June 21 

June 18 

June 19 

June 19 

June 17 

June 20 

Mean 

S .D. 

S . E . 

»°Sr pCi T 1 

0 . 4 4 

0 . 1 2 

0 . 3 2 

0 . 1 8 

o.ee 

0 . 9 6 

0 . 1 3 

0.6C 

0 . 4 4 

0 . 8 0 

0 . 7 8 

0 . 4 3 

0 . 4 9 

0 . 2 8 

0 . 0 8 

1 3 7CS pCi l " 1 

0 . 7 7 

0 . 2 5 

1.64 

0 . 5 7 

1 .14 

1.78 

0 .50 

1 .60 

1 .37 

1.32 

1 .41 

1 .57 

1 .16 

0 .51 

0 .15 

S a l i n i t y 
o / o o 

3 4 . 0 

34 .9 

3 4 .6 

34 .9 

3 1 . 1 

3 4 . 6 

3 4 . 5 

3 3 . 2 

3 4 . 3 

3 4 . 1 

3 3 . 7 

3 5 . 0 

3 4 . 1 

1 .1 

0 . 3 

90 In analogy with Sr, the following regression equations 

were found for 137 Cs in inner Danish waters: 

pCi l37Cs I-2 

pCi 137Cs l"l 

pCi l37Cs i"2 

pCi l37Cs I'2 

pCi l37Cs I"2 

0.80 - 0.0043 o/oo (1972) 

0.60 + 0.012 o/oo (1973) 

0.54 + 0.018 o/oo (1974) 

0.64 + 0.010 o/oo (1975) 

0.53 + 0.019 o/oo (1976) 

(The regression analysis showed a significant regression 

in 1974 and 1976, probably significant in 1973 and 1975, and 

insignificant in 1972). 

According to the above regression lines, the mean levels 

in Danish surface waters (16 o/oo salinity) have been relatively 
90 constant since 1972. The mean Sr concentration was estimated 

at 0.70 - 0.05 (1SD) pCi I-2 and the 137Cs level was 0.80 i 0.04 

pCi 1 -1 
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pd^Sr A 

II 
i ( t l ( ( I • I d l 1 i t ) * 

1962 B63 B64 1965 1966 1967 1968 19691970 1971 1972 1973 1974 1975 1976 

Fig. 7.1. Strontiun-90 in surface sea-water from inner Danish 

waters, 1962-76 (1 S.D. indicated) (from table 7.1). 
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f i g . 7 . 2 . Støt" ra ter I s e a t i r , \ .iround Zfec':lanJ 



- 85 -

w 

so l 
4* 2* 0* 2# 4» 6* 0* 10* 12* 

Pig. 7.5. Concentrations (pCi/1) of 137Cs and 90Sr (italics) 

in surface sea-water collected in February {+) and June (•) 1976. 
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8. SPECIAL SURVEYS 

8.1. Meteorological Mast Experiments 

No samples were collected in 1976. 

8.2. Fission Product Ratios in Air Samples Collected at 

Different Heights in the Meteorological Mast 

No samples were collected in 1976. 

8.3. Human Milk 

No human milk samples were collected in 1976. 

8.4. Country-wide Measurement of the y-Background in 1976 

8.4.1. State Experimental Farms 

As in previous years ', the Y'background was measured at 

the State experimental farms (cf. fig. 4.1.1). Table 8.4.1.1 

shows the results, and table 8.4.1.2 gives the analysis of 

variance. The variation between locations was highly significant 

(P > 99.95%). As previously, it was evidently not the fall-out 

that determined the variation between locations. The mean level 

in 1976 was lower than the 1975 level. 

Fig. 8.4 shows the Y-background since 1962 in four groups 

of sampling stations. The fact that stations with a low fall­

out rate and a high clay content in the soil (Abed, Blangsted­

gård, 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. Jyndevand, and Askov) was discussed in 

Risø Report No. 1541). 
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Table 8 . 4 . 1 . 1 

^-background a t t h e s t a t e exper imenta l farms i n 1976 (uR/h) 

T y l s t r u p 

Studsgård 

3dum 

Askov 

S t . Jyndevad 

Blangs tedgård 

T y s t o f t e 

Vi rungård 

Ledreborg 

Abed 

Tornbygård 

Hean 

J u n e - J u l y 

5 .2 

4 . 3 

6 . 3 

5 .3 

3 .S 

6 . 2 

5 . 8 

5 .1 

5 .2 

5 . 1 

(6 .4 ) 

(5 .3 ) 

October 

4 . 7 

4 .2 

5 .7 

5 . 8 

5 .5 

5 .5 

7 .4 

5 .5 

«..o 

6 . 4 

6 .8 

5 . 8 

December 

5 .6 

4 . 4 

6 .0 

5.3 

4.6 

5 .8 

7.4 

5 .9 

5 .7 

6 .4 

(6 .9 ) 

(5 .8 ) 
i 

Hean 

5.2 

4 . 3 

6 .0 

5 .5 

4 .6 

5 .8 

6 .9 

i . 5 

5.6 

6 .0 

(6 .7 ) 

5 .6 

Table 8 . 4 . 1 . 2 

A n a l y s i s o f v a r i a n c e of the >-background 

at the s t a t e exper imenta l farms i n 1976 

(from t a b l e 8 . 4 . 1 . 1 ) 

V a r i a t i o n 

Between l o c a t i o n s 

Between months 

Loc. x months 

Remainder 

SSD 

9 2 . 9 4 8 

7 .265 

26 .602 

17 .199 

f 

10 

2 

18 

146 

, 2 

9 . 2 9 5 

3 . 6 3 3 

1 . 4 7 8 

0 . 1 1 8 

v 2 

6 .289 

2 . 4 5 8 

12 .546 

? 

> 9 9 . 9 5 1 

-

> 99.95% 

, / r H_ • - — • ÅfcirkMy 

* • " * » • * , I tonjslMtårtf , lytfolt« 

» \4 r't * • t̂orfngv4,0dum,Tyfetrup 

. » . 1 , • • St Jynd«vo«, Alkoa, S t u O t å M 

U«2 mi H64 I9SS ' l»M ' » 7 ' !HI ' !9S9 ' 1970 ' 197T ~ 1*7} ' I97J ' 19* " l»v> 197« 

Fig. 8.4. The y-background at the State experimental farms, 1962-76. 



- 88 -

8.4.2. The Ris# Environment 

C Jumna background Measurements were performed in the five 

zones round Risø. The measurements were carried out ac the 

locations where grass is collected (cf. figs. 3.1.2.1 and 

3.1.2.2 (the coloured map)). 

Tables 8.4.2.1 and 8.4.2.2 show the results. 

At all locations in zone I, especially at the waste treat­

ment station (location 3), the Y-background showed increased 

levels because of the various radiation sources at the research 

establishment. The weighted annual mean for zones III-V was 

5.9 iiR/h. In zone I the excess activity from the research 

establishment was 17.8 - 5.9 = 11.9 pR/h (in 1967: 4.0, in 1968: 

3.9, in 1969: 3.3. in 1970: 4.7, in 1971: 1.6, in 1973: 11.5 

in 1974: 16.0 and in 1975: 21.2 pR/h). A man working in the 

open in the Risø area 40 hours a week for 45 weeks a year would 

thus get an excess dose of 21 mR/year. 

Table 8 . 4 . 2 . 1 

Y-background (uR/h) in Zone I around Risd in 1976 

Location 

1 

2 

3 

4 

5 

Mean 

Feb 2 

5.8 

8.0 

78.4 

7.4 

14.9 

22.9 

July 1 

5.6 

7.0 

66.3 

6.4 

15.5 

20.1 

Aug 2 

6.1 

6.8 

61.0 

6.2 

14.4 

18.9 

Sept 1 

5.9 

7.3 

63.3 

6.6 

15.3 

19.7 

Oct 1 

6.0 

7.3 

26.1 

6.4 

13.3 

11.8 

Oct 29 

5.9 

6.7 

44.5 

6.3 

13.2 

15.3 

Nov 29 

5.9 

7.9 

44.7 

6.4 

13.2 

15.6 

Mean 

5.9 

7.3 

54.9 

6.5 

14.3 

17.8 



- 89 -

Table 8 .4 .2 .2 

r-background (uR/h) in four zones {II-V) around Risø in 1976 
• 

• R i s ø zone 

I I 

Mean 

I I I 

Mean 

1 
1 

1 
1 

1 
1 

M
 

Mean 

V 

Mean 

L o c a t i o n 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

J a n 

5 . 8 

6 . 8 

6 . 8 

7 .0 

5.4 

6 .2 

6 .6 

6 .4 

6 .2 

7 .0 

6 .0 

6 .0 

6 . 8 

6 .6 

6 .0 

6 .2 

7 .0 

6 . 2 

6 . 4 

Feb 

6 .6 

7 .2 

6 .2 

6 .6 

6 .6 

7 .4 

7 .0 

6 . 6 

7 .0 

J u l y 

5 .3 

6.0 

5.0 

5 .5 

5.4 

6 .3 

5 .7 

5 .2 

5 .7 

4 . 8 

5 . 1 

5.0 

5 . 5 

5 .7 

4 . 5 

5.4 

5 .1 

7 .2 

6 .2 

5 .0 

5 . 3 

5 .8 

5 . 5 

7 .0 

5 . 5 

5 .7 

4 . 9 

5 . 8 

Aug 

5.2 

6 .0 

4 .9 

5 . 8 

5 .5 

6 . 8 

5 .8 

5 . 3 

6 .0 

O c t 

5 . 1 

6 . 0 

4 . 9 

5 . 7 

5 . 4 

6 . 9 

5 . 7 

5 . 2 

5 . 9 

5 . 4 

5 . 5 

5 .4 

5 . 3 

5 . 6 

4 . 8 

6 . 0 

5 . 4 

6 . 6 

6 .4 

5 . 2 

6 . 1 

5 . 7 

6 . 0 

7 . 2 

6 . 4 

6 . 1 

5 . 3 

6 . 1 

Nov 

5.6 

6 .2 

5 .2 

6 . 1 

5 . 8 

7 .2 

5 . 8 

5 .9 

6 . 3 

Mean 

5 .6 

6 . 3 

5 . 3 

5 .9 

5 . 7 

6 .9 

6 .0 

5 . 6 

6 . 2 

5 .4 

5 . 8 

5 . 8 

5 .9 

5 . 6 

5 . 1 

6 . 0 

5 .6 

6 . 7 

6 . 5 

5 . 4 

5 . 8 

6 . 1 

6 . 0 

6 . 8 

6 . 0 

6 . 3 

5 . 5 

6 . 1 

* ( c f . c o l o u r e d map i n R i s * r e p o r t Ho. 323 ' ) . 
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8.5. Environroental Surveys at Barseback, Rinqhals ar.d in other 

Marine Environments 

Sweden is operating nuclear power plants on the Sound at 

Barseback and on the Kattegat at Ringhals. At present two units 

55*50 

+ 

55*45' 

O O 

o 
+ 

12#5(r 13*00* 
rig. v.S.l. Sampling locations for s«a-wat«r (•) bed soil (o), 
••• aniiMls (x) and -»»plant« (A) at Barsabick. 
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are in operation at each site. As both locations are close to 

Danish waters and fishing grounds, the marine environment around 

them is monitored by collection of seawater (table 7.2 and 7.3), 

sediments (8.5.1) and biological samples (8.5.2). 

57 20" 

S7 1S" 

irOO' 12*05' 12*10' 

F*<T, 8.S.2. Sampling location« for a«a-vat«ir (f) b*4 soil (o), 

staanimals (x) and ••aplanta (a) at Mlnqhals. 
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8.5.1. Sediment Samples 

18) The sediments were taken by the HAPS sampler and 3 cm 

thick sections were analysed to a depth of approx. 15 cm. 
137 

Anova's (tables 8.5.1.3 and 8.5.1.5) showed that the Cs 

levels were similar to those observed in 1975. The vertical 

distribution sometimes showed a maximum in the 3-6 cm layer, 

probably an indication of the 1962-63 fall-out peak. The inte­

grated mean levels in the sediments were estimated at approx. 
—2 

15 mCi km at Barseback (tables 6.5.1.1-8.5.1.2). Sediments 

from Ringhals (table 8.5.1.4}, the Great Belt (table 8.5.1.8) 

and the North Sea (table 8.5.1.9) showed similar, integrated 

Cs levels. A few sediment samples (tables 8.5.1.1, 8.5.1.2 
54 58 and 8.5.1.7) near Barseback contained traces of Mn, Co and 

60 Co indicating releases of corrosion products from the plant. 

Table 8.5.1.1 

Caesium-137 In bed soil collected at Barseback in June 1976 

P o s i t i o n 

55°44 '07-N 12°53'01"E 

* * — _ * — 

. . • • • * _ 

.» " — • " — 

* » — - * _ 

55 C 43'08-N 12°54'04"E 

w " — • ** • -

* m — • > * — 

. " — — * * 

SS^'OO"!* 12°56'02*E 

— » — - w -

Depth 
i n 
cm 

0 - 3 

3-6 

6-9 

9 -12 

12-15 

0 -15 

0 - 3 

3-6 

6-9 

9 -12 

12-15 

0 - 1 5 

0 -3 

3-6 

6 - 6 

0 - 8 

PCI 1 3 7 c s kg* 1 

820 

162 A 

130 A 

B.D.L 

B.D.L 

1091 

460 

90 

107 

13 B 

106 

82 

124 

tsCi 1 3 7 C s km - 2 

5 . 8 

1 .7 A 

1.0 A 

B.D.L 

B.D.L 

Z 8 . 5 

6 .4 

4 . 3 

1.2 

1.5 

0 . 2 B 

: 13 .6 

4 . 1 

3 . 5 

3 . 3 

r. i o .9 

Traces 

5«Mn 
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Table 8 . 5 . 1 . 2 

Cacsiuia-127 in bed s o i l c o l l e c t e d a t Barseback in Deceaber 1*76 

P o s i t i o n 

5S°44'07"N 1? C 53 '01 'E 

— • — _ m — 

55°43'0a"!i 12°54'04"E 

_ m _ _ » _ 

_ • _ _ ** _ 

• * _ — * — 

55O44'00"N 12°5* , 02"E 

™ * — — • — 

— m — _ " _ 

• • • — * — 

Depth 
in 
cm 

0-3 

3-6 

6-9 

9-12 

0-12 

0-3 

3-6 

6-9 

9-12 

12-15 

0 -15 

0-3 

3-6 

6-9 

9 -12 

12-15 

0 -15 

pCi 1 3 7 C s k ," 1 

970 

470 

360 

84 

1270 

680 

330 

180 

B.D.L 

790 

940 

110 A 

75 B 

156 

- C i 1 3 7 C , km"2 

6 . 2 

4 . 8 

4 . 7 

0 . 8 

~ 1 6 . 5 

8 . 1 

7 . 2 

3 .1 

1 .8 

B.D.L 

E 2 0 . 2 

2 . 7 

7 .4 

1 .3 A 

1.0 P 

2 . 2 

I 1 4 . « 

Tr«c*s 

r 5,co. 
5 4 * n . 

.*°Co. 

*°Co 

' R e f e r e n c e to t a b l e S . S . I . 4 

Table 8 .5 .1 .3 

Analysis of variance of lr. Cs mCi km 

in bed s o i l from Barseback 1975-1976 

V a r i a t i o n 

Between month 

Between depth 

Between l o c a t i o n 

Between month x depth 

Between depth x l o c a t i o n 

Between month x l o c a t i o n 

Between month x depth x l o c . 

S5D 

3 .885 

14 .692 

0 . 8 1 6 

3 .976 

1.207 

0 .301 

1 .053 

«r 

l i 

11 

s 2 

1.295 

3 . 6 7 3 

0 . 2 7 2 

0 , 3 6 1 

0 . 1 7 2 

0 .060 

0 . 0 9 6 

v 2 

3 .583 

1 0 . 1 6 3 

2 .442 

3 .775 

1.801 

0 .629 

P 

> 9 9 . 9 1 

> 97.5% 
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Table ».5.1.« 

C*esium-137 in bed s o i l collected at Ringhals in July 197« 

Pos i t i on 

57°15"01-N 12°03"07-E 

mm m — mm * • 

_ • — — * —. 

_ " mt — " — 

57°16'05"N 12°06'03*E 

_ » — m» m mm 

• * a, mm * — 

_ * — w ** * 

* * • _ * — 

57°17'01"N 12°07'02"E 

57°13*03,,N 12°03'04"E 

• <• • • * « 

Depth 
in 
cm 

0-3 

3-6 

6-9 

9-12 

12-13 

0-13 

0-3 

3-6 

6-9 

9-12 

12-13 

0-13 

0-3 

3-6 

6-9 

9-12 

0-12 

0-3 

3-6 

6-9 

9-12 

12-13 

0-13 

pCi 137CS kg"1 

159 

103 

103 

36 

B.D.L 

101 

74 

26 B 

B.D.L 

B.D.L 

24 B 

73 A 

48 A 

58 A 

250 

190 

58 

63 

22 B 

»Ci 137CS lu»"2 

3 .8 

3.7 

3 .7 

1.46 

B.D.L 

Z 12.7 

3.0 

2 .6 

0 .92 B 

B.D.L 

B.D.L 

I 6 .5 

0 .93 B 

2.74 A 

1.70 A 

1.38 A 

I 6 .8 

4 .5 

6 .2 

1.94 

2 ,2 

0 .3 B 

t 15.1 
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Table » .5 .1 .5 

Analysis of variance of In Cs »Ci km" 

in bed s o i l fro* Rinohals 1975-1976 

V a r i a t i o n 

Between month 

Between depth 

Between l o c a t i o n 

Between aonth x depth 

Between depth x l o c a t i o n 

Between month x l o c a t i o n 

Between month x de^th x l o c . 

SSD 

0 . 0 9 3 

1 .9*8 

3 . 6 ( 5 

0 . 0 1 7 

0 . 9 3 0 

0 . 3 2 7 

1 . 4 4 1 

f 

1 

3 

3 

J 

8 

3 

5 

s 2 

0 . 0 9 3 

0 . 6 6 3 

1 .222 

0 . 0 2 9 

0 . 1 1 6 

0 . 1 0 9 

0 . 2 8 8 

v 2 

0 . 5 5 2 

3 . 9 4 3 

7 . 2 7 0 

0 . 1 0 1 

0 . 4 0 4 

0 . 3 7 « 

P 

> 9 7 . 5 * 

> 99.5% 

_. 

Table ».5.1.6 

Caesium-137 in bed soil collected in the Sound in June 1976 

P o s i t i o n 

55°59"N 12°42'E 

Depth 
i n 
cm 

0 - 3 

3 - t 

0 . 6 

pCi 1 3 7 CS kg" 1 

250 

220 

mCi 1 3 7 C « km"2 

3 . 6 

4 . 1 

I 7 . 7 

Traces 

5«Mn 

Table 8 . 5 . 1 . 7 

Zink-65 and Cobalt-60 in bed s o i l (3-6 em) 

c o l l e c t e d at Barseback in December 1976 

P o s i t i o n 

S S ^ ' O S ' N 12°54'04"E 

• » _ mm * * 

I so top« 

6 5 Zn 

M C o 

pCi kg" 1 

665 

9 1 0 i 3 0 

mCi km"2 

9 . 1 

9 . 6 t 0 . 3 
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Table 1 .5 .1 .1 

Caesium-137 in bed s o i l co l l ec ted in Great Belt in June 1976 

? o i s i t i o n 

55°38'M 1 0 ° 4 7 ' E 

• * — — * — 

55°13"K 11°06*E 

• ** • <•» • • 

• * •» — * — 

Depth 
i n 
ca 

5 -3 

3-6 

0-6 

0 -3 

3-6 

6-9 

9 -10 

0-10 

pCi 1 3 7 C s k ," 1 

no 
139 

290 

340 

90 

91 

•C i 1 3 7 C s k»" 2 

4 . 2 

3 . 8 

I 8 . 0 

4 . 3 

5 . 5 

1.69 

0 . 3 3 

I 1 1 . • 

Table » .5 .1 .9 

CaesiuiR-137 in bed s o i l co l lected in The North Sea in February 1976 

Posi t i o n 

SS^B-N 05°00 'E 

<• » _ — » - . 

57°30'N 08°00 'E 

— " — «•*••» 

# ** _ • ** .. 

60°15'M 00°30 'E 

mm m m> — * — 

— <• — • • — 

. . I» » . » m 

Depth 
i n 
CM 

0-3 

3-6 

0-6 

0 -3 

3-6 

6-9 

0-9 

0 -3 

3-6 

6-9 

9-12 

0 -12 

PCi 1 3 7 CS Kg"1 

55 

87 

108 

140 

94 

200 

133 

189 

170 

• C i 1 3 7 C s ton'2 

1.71 

3 . 8 

5 . 5 

0 .97 

3 .4 

2 . 6 

7 .0 

3 .0 

3 . 2 

4 . 8 

4.B 

1 5 . 8 
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8.5.2. Biological Samples 

A sample of Pucus vesicolosus collected at Barseback in 

June 1976 contained corrosion products (table 8.5.2.2). The 

t prominent, but 54 cobalt isotopes Co and Co were the 

and probably also In were detectable too. A saaple of 

Hytilu« edulis contained traces of *°Co (table 8.5.2.1). 

The Ringhals samples from July 1976 (Mytilus and Pucus: 

table 8.5.2.3) also contained corrosion products. The levels 

did not present any health hazards. The annual dose to a 

hypothetically critical individual consuming 20 kg of Mytilus 

flesh annually would be less than 1 o/oo of the background 

radiation dose, i.e. < 0.1 saren y (wholebody dose), esti-

rnn 

mated from the present Measurement. 

Table 0.5.2.1 

Caesiust-137 in fytilus Edulis collected at 

the outlet of »arsebeck in 197« 

Heat 

Shells 

Tbtal 

1 3 7C* pCi k,"1 

0.6 A 

1.5 • 

14.0 

M.'J. 

10.1 A 

0.2 » 

i9.S 

Traces 

Mco 

Table 0.5.2.2 

Radionuclides in Pucus vesicolosus collected at 

the outlet of aarsebZck June 17, 1976 

Isotope 

»7CS 

5,co 
M * 

«*» 

WCO 

Potass i ui 

pCi ko - 1 dry 

220 A 

•700 

000 

300 • 

3200 

pCi %i~l fresh 

3« A 

1330 

134 

50 • 

490 

* li.M k«"1 or* 
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Table » .5 .2 .3 

Radionuclides in Mrine saaple« col lected at Ringhels in 197* 

pCi He*1 fresh ueieht 

Saafiie and 
l o c a t i o n s 

K y t i l u s E d u l i s 
f l e s h 
M.E. Of 
Rirtghals 

n y t i l u s E d u l i s 
s h e l l s 
H.E. of 
Rinejhals 

Myt i lus Edu l i s 
f l e s h 
a t the o u t l e t 
of Riaghals 

Myt i lus E d u l i s 
s h e l l s 
a t the o u t l e t 
of Ringhal* 

S a a s l i n e 
d a t e 

J u l y 1 
1*74 

-

-

-

M*. 

-

-

-

34 A 

"CO 

310 A 

-

• 11 

-

"CO 

1>0 

49 

1020 

240 

" i n 

300 

-

1250 

•0 A 

» 5 l r 

-

-

-

-

» 7 C s 

22 A 

24 A 

31 A 

-

4 0 * 9 k V 1 

1.« 

0 . 5 

0.4S 

0.14 

pCi k g - 1 dry w e i g h t 

Fucus 
V e s i c o l o s u s 
Ringhals I 

Fucus 
V e s i c o l o s u s 
Rinchals II 

Fucus 
V e s i c o l o s u s 
Ringhals I I I 

J u l y 1 
1*7« 

-

-

4(0 A 

1010 

1*00 

2200 A 

3400 A 

»100 

1*00 

4700 

13000 

490 B 

1200 A 

44O0 

-

-

-

2C0 

270 A 

140 B 

17.5 

13.2 

13.9 

A c t i v i t i e s were c o r r e c t e d t o sanpllna, d a t e . 

Table 8.5.2.4 

Caesium-137 in bottom animals collected at Rlnqhals in July 1976 

Species 

Hytilu* Edulis 

i* m 

My t i l u s E d u l i s 

Cray f i s h 

S n a i l 

F l e s h 

S h e l l s 

F l e s h 

S h e l l s 

T o t a l 

F l e s h 

Locat ion 

a t the 

o u t l e t 

N.E. of 

t h e o u t l e t 

a t the o u t l e t 

a t the o u t l e t 

1 3 7 C s pCi kg" 1 

13 B 

4 B 

B.D.L 

30 B 

240 A 

43 B 

M.U. 

5 .5 B 

6 .6 B 

B.D.L 

19 B 

60 A 

22 B 

Traces 

9 5 Z r 

9 5 Z r , 6 0 C o 

60CO 

54Mn 
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Table » . 5 . 2 . 5 

Caesiuat-13? in f ish c o l l e c t e d at Ringhals in July 1*7* 

S p e c i e s 

Dab 

•> 

m 

Whit ing 

Cod 

P l a i c e 

Norway 
l o b s t e r 

P l a i c e 

D a b 

Heat 

T o t a l 

Tota l 

Heat 

Meat 

Heat 

Meat 

Heat 

Heat 

Posi t i o n 

57°15'01"B 12°03*07"E 

w • » • •* •» 

— • * w • v 

— * * • • • 

• • * *•> • v 

— • ••> — •* _ 

• • •» • " • 

5 ? ° l * , 0 5 1 l 12°0f t '03-E 

* " —. * • * 

» ' c p « k,"1 

4t 

ss 
34 

CI 

ss 

29 

155 A 

B.O.L 

H.U. 

1 4 . 1 

1 1 . 7 

1 2 . 7 

20 

1 9 . 1 

• . 7 

)C A 

S .D .L 

1 9 . 1 5 . 1 

8.5.3. Plutonium in 1975 Sediment Samples 

,D Sediments from the 1975 program (cf. Ris# Report No. 345 , 
239 240 

8.5) were analysed for ' Pu. The integrated Pu deposit in 

the sediments (table 8.5.3) corresponded to the levels in soils 

Table 1.5.3 

Depth 

0-J cm 
("Pu/Cs') 

3-6 cm 
<"Pu/CO 

6-9 cm 
("Pu/C»") 

9-12 cm 
<"Pu/C»") 

12-15 cm 
("Pu/C»") 

0-15 cm 

Th* erroi 
"Pu/Ca"* 

55°44rN 
12°51'E 

0 .51:0 .03 

(O.Ot) 

0 .87:0.44 

(0.16) 

0.31-0.21 

(0.12) 

0 .15-0.14 

10.08) 

0.07 

(0.06) 

2.00 

c tarm la 1 
239 ,240 p u / 

in marine 

55°44'U 
12°56'E 

seaiments c o l l e c t e d in 

S5°59'N 
12°42'E 

The Sound 

O.50.-O.02 

(0.15) 

0.." 1*0.12 

(0.08) 

". 0 

-, 0 

0.03 

0.76 

0 .21-0.02 

(0.08; 

O.i l 

(0.08) 

0.50 

(0.16) 

0.52 

(0.20) 

0 .24-0 .03 

(0.06) 

1.88 

S.E. determined fro« m 
J 7 C 

57°13*N 
12°01'E 

1975 (cf . 

57°16'K 
12°0t'E 

The Cattegat 

0 .77:0 .19 

(0.28) 

0 .89 -0 .24 

(0.21) 

0 .30:0 .11 

(0.11) 

0 .03-0 .01 

(0.01) 

COO-0.01 

1.99 

0 .39:0 .03 

(0.24) 

0.66 

(0.18) 

0 

' 

. . 0 5 

i l t i p l e (not t ly t r i p l l c 

» i s« Report 

S7°17 ,» 
12°07'E 

0 .44:0 .08 

(0.15) 

0 .56:0 .10 

(0.2(1 

0 . 1 8 : 0 . 0 1 

(0.18) 

-- 0 

1.18 

ate) analya 

345. 8 .5 ' 

55° 3«'SI 
10°44'E 

The 
Great 8 e l t 

0 . 3 : 

(0.09) 

0 .52:0 .02 

(0.13) 

0 .28-0 .01 

(0.17) 

0.11 

(0.14) 

O.02 

1.24 

n . 

a 

C.45 

0 .59 

0 . 2 3 

0 .14 

0 .07 

1.44 

e l S.E. 

0.07 

0.09 

0.07 

0.08 

0.04 

0.19 
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{tablas 4.2.12-4.2.15), indicating that naarly all fall-out 

plutonium in shallow waters, such as the Danish, is found in 

the the sedinents. The 23,'240Pu/137Cs ratios showed that the 

vertical distributions of Pu and radiocaesiun were similar, i.e. 

exponential with a half-depth of -v 4 en (cf. also the soil ob­

servations) . 
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9. CONCLUSION 

9.1. Risø Environmental Monitoring 

Mo radioactive contamination of the environment originating 

from the operation of the research establishment was ascertained 

outside Rise in 1976. As in previous years, the variations in 

contamination levul were independent of the distance of the 

sampling locations from Ris#. 

9.2. nuclear-Weapon Debris in Air, Precipitation, Soil, Ground 

Water, and Surface Water 

The mean content of Sr in air collected in 1976 was 0.2 
90 —3 

fCi Sr m , i.e. a quarter of the 1975 level. The average 

fall-out at the State experimental farms in 1976 was 0.10 mCi 
90 —2 

Sr km or a quarter of the 1975 figure, and the mean concen­

tration of 90Sr in rain water was 0.24 pCi *°Sr l"1. 

By the end of 1976 the accumulated fall-out was approx. 53 

mCi 90Sr km-2. The corresponding 137Cs was estimated at 85 mCi 

km"*2. 

In agreement with the greater precipitation in that part of 

the country, fall-out levels in Jutland were 15-25% higher than 

levels found in eastern Denmark. 
on 

The median level of Sr in Danish ground water was 5 fCi 
90Sr I"1. 

9.3. Strontium-90 and Caesium-137 in the Human Diet 

90 
The mean level of Sr in Danish milk was 3.4 S.U., and 

137 137 -1 
the mean content of Cs was approx. 4.3 pCi Cs 1 . 

The 1976 90Sr and 137Cs levels were lower than the levels 
found in milk produced in 1975. 

90 

The Sr mean content in grain from the l?76 harvest was 

20 pCi 90Sr kg*1. The 137Cs mean content in grain was 7 pCi 
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137Cs kg-1. The ,0Sr level in grain frost the 1976 harvest was 

nearly equal to the level found in the 1975 harvest, and Cs 

was half the 1975 level. 

The w a n contents of Sr and Cs in Danish vegetables 

collected in 1976 were 7 pCi 90Sr kg-1 (17 S.U.) and 3 pCi 
137Cs kg"1, respectively, and in fruits 1.0 pCi 90Sr kg"1 and 

1.9 pCi 137Cs kg"1* potatoes contained 1.7 pCi 90Sr kg"1 and 

2.2 pCi 137Cs kg"1. 

The aean levels of 90Sr and 137Cs in total-diet samples 

collected in 1976 were 4.0 S.U., or 7 pCi Sr day and 10 pCi 

Cs day" , respectively. Frost analyses of the individual diet 
90 

components, the Sr level in the Danish average diet was 

estimated to be 3.9 S.U. and the 137Cs intake to be 11 pCi 
137Cs day"1. The levels of 90Sr and 137Cs in the Danish total 

diet consumed in 1976 were lower than the 1975 levels. 

Grain products contributed 36% and milk products 39% to 

the total 90Sr intake; 34% of the 137Cs in the diet originated 

from meat, 18% from grain products, and 18% from milk products. 

Both Sr and Cs diet levels were on the average higher 

in Jutland than in eastern Denmark. 

9.4. Strontium-90 and Caesium-137 in Humans 

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

in 1976 was approx. 1 S.U. in all age groups. The 1976 bone 

levels were lower than the 1975 levels. 
137 

The mean content of Cs in the human body in 1976 was 

estimated from whole-body countings to be 1.3 nCi (10 pCi 
137Cs/g K), i.e. a little lower than the 1975 level. 

9.5. Strontlum-90 in Seawater 

90 
The mean content of Sr in inner Danish surface water was 

approx. 0.7 pCi Sr 1 in 1976, and the XJ'Cs mean level in 

Danish surface waters in 1976 was 0.8 pCi l" , i.e. nearly un­

changed from 1975. 

9.6. The Y-Background 

The average r-background measured with a Nal crystal at the 

State experimental farms in 1976 was 5,6 pR/h. 
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9.7. Radionuclides in the Marine Environ—nt at Barseback and 

Ringhals 

Sea plants (Fucus) and bivalves (Hytilus) collected at 

Barseback and Kinghals in 197* showed low levels of corrosion 

products (54Mi, 58Co, 60Co» 65Xn) originating fros the operation 

of the power plants, the levels did not constitute any health 

hasards. 

9.8. Iodine-131 in Cows' mile in 197« 

The Chinese test explosion on 26 September 1976 resulted 

in a temporary contamination of cows' »ilk with I. The 

estimated dose to an infant thyroid in Denmark from this con­

tamination was 2 mrad. 

9.9. Summary 

The concentrations of long-lived fall-out nuclides in 

ground-level air and precipitation collected in 1976 were a 

quarter of the levels found in 1975. 

In milk produced in 1975 the levels were approx. 3/4 of 
137 

the 1975 levels. In grain from 1976 the 'Cs levels were half 
90 

of those found in 1975 while the Sr concentrations were nearly 

unchanged. 

The 9 

1976 were approx. 2/3 of the 1975 levels. 

The *°Sr 
than in 1975. 

The 90Sr and 137C» levels in the total diet consumed in 

•I 
90 

The Sr concentrations in human bone were lower in 1976 



10« 

ACKUOMLEDGgMEMTS 

The authors wish to thank Hiss Anna Bol* Pedersen, Hiss 

Lone Dyrgaard Jensen« Mrs. Karen Mandrup Jensen, Miss Karen Wie 

Nielsen, Mrs. Jytte Lene Clausen, Mrs. 011a Wilhelmsen, Mrs. 

Anna Madsen, Mrs. Laila Leth« Mrs. Pearl Baade Pedersen, and 

Mrs. Else Sørensen for their conscientious performance of the 

analyses. Me are grateful to Mr. Peder Kristiansen and MT. 

Gunnar Bitsch for collection of the samples and performance of 

the T'backeround msaaur—ants. 

We are specially indebted to the staffs of the eleven State 

experimental farms at Tylstrup, Ødum, Studsgård, Askov, St. Jyn­

devad, Blangstedgård, Tystofte, Ledreborg, Virumgård, Abed, and 

Åkirkeby, who have continued to supply us with a number of the 

most important samples dealt with in this report. 



- løs -

»Knu A 

Calculated rail-«** in the Kieht Sana* t* l*Tf 

Sone 

I : N. Jutland 

I I : E. Jutland 

I I I : U. Jutland 

IV: S. Jutland 

V: runen 

VI: Zealand 

VII: V>1land-Falster 

VIII: soraholn 

Ar#;-weiahted a*an 

precipi tat ion 
ia 197* 

5 i * 

M l 

5J2 

SJ3 

•Ci **$r taT* 
In 197* 

• . 10? 

0 .0M 

0.109 

0.101 

Acctfswlate«, 
•Ci " $ r tm~* 
by the end of 

197« 

57 

4S 

-

S3 

90 •"he anoints of prec ip i tat ion were obtained fro* ref . 9 . The Sr deposi t ion 
was esticate-1 fro« 4.1 and appendix D. I t was considered that the amount 
of prec ip i tat ion c o l l e c t e d by the rain b o t t l e s only were O.aJ t ines that 
measured by the .Meteorological I n s t i t u t e . 
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APPENDIX B 

s t a t i s t i c a l in format ion 

Zone 

I : K. J u t l a n d 

I I : E. J u t l a n d 

I I I : H. J u t l a n d 

IV: S . J u t l a n d 

V: Funen 

VI: Zealand 

V I I ; L o l l a n d - F a l i t e i 

V I I I : Bornholm 

Tota l 

Area in 
k*2 

15) 1971 

6 ,171 

7 ,541 

12 ,104 

3 ,929 

3 ,416 

7 ,435 

1,795 

SM 

4 3 , 0 6 * 

P o p u l a t i o n 
i n thousands 

15) 1»71 

457 

»41 

661 

2 39 

434 

2 , 1 4 6 * 

125 

47 

4 , »50 

Annual milk 
p r o d u c t i o n 
i n mega-kg 

14) 1»71 

»11 

1 ,251 

926 

572 

3»J 

395 

6* 

39 

4 , 5 6 2 

Annual wheat 
p r o d u c t i o n 
i n mega-kg 

13) 1972 

145 

44« 

593 

Annual rye 
product i on 
i n mega-kg 

13) 1972 

155 

71 

226 

Annual p o t a t o 
product i o n 
i n mega-kg 

11) 1972 

609 

100 

709 

v e g e t a b l e 

area i n ka 

13) 1972 

14 

73 

87 

*" 1 ,345 ,000 p e o p l e » e r e l i v i n g i n Greater Copenhagen and 101 ,000 i n t h e remaining par t of Zea land . 
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APPENDIX C 

Our predict ion models for grass , milk, vegetables and meat 
were revised i n 1976. For these samples we used the data ' from 
1962-75* for grain we used: 1959-74 ( 1 3 7 Cs: 1962-74), and for 
to ta l d i e t : 1961-74. The terms in the models were s imilar to 

A coaparlion between observed and predicted Sr level« 
in the human food chain in DMMffc in 1974 

Sample and area 

Grass from Zealand 

m l k from Jut land 

Milk from the I s l a n d s 

Rye from Jut land 

Rye from the I s l a n d s 

Barley from Jut land 

Barley from the I s l a n d s 

wheat from Jut land 

Wheat from the I s l a n d s 

Oats from Jut land 

Oats from the I s l a n d s 

Potatoes from Jut land 

Potatoes from the I s l a n d s 

White cabbage from Jut land 

White cabbage from 
the I s lands 

Carrots from Jut land 

Carrots from the I s lands 

Total d i e t from J u t l a n d 

Total d i e t from t h e I s l a n d s 

Newborn's bone 

Human bone > 29 y 

Observed 

25 

4 .2 

2 . 2 

65 

40 

40 

17 

44 

25 

3« 

22 

2 .0 

1.4 

6 . 7 

4 .S 

2 . 6 

4 .4 

4 .3 

4 .0 

0 .9 

1.0 

P r e d i c t e d 

1» 

4 . 7 

2 .« 

51 

2« 

31 

19 

54 

32 

54 

24 

3.3 

2 .9 

11 

» 

1« 

a 

S.I 

5.1 

1.2 

1.2 

Prediction equation 

SUt - 29 di+13 44.,»«.4 » , . „ ! , • » . » » , . , , , „ 

SU4 - 1.03 d^O.69 d^O.26 ^„„.O.OSI A J . J , « , 

SUi - 0.74 d1*0.«6di_1»0.14 \ . i i t ) 

SUi ' " ° dHJul-Au,)*0-15 VMS)* 0 - 7 ' \ - K 2 i ) 

SUi * 1 7 0 "llJul-Au,)*0-" »1-1 (M, 

SU1 ' " 4 <,i(J„l-A»,)*1-» ^i-KS)*0-17 *1-1(2.) 

SUi ' " di(Jul-Au,)*>'«3 ^l-KS)"-1* Ai-113») 

SUi ' 1 M dlUul-Auu»*1-7 \-l(5>*»-*5 \ -U2«) 

SUi ' " * di(Jul-Au,,)*0-44 V l ( S , * 0 - * \ - l l 2 . l 

SUi ' 7 4 ^ [ J u l - A u g ) * 0 " " *1 -1I2» , 

S O i - M < , i l J » l - » u , . + l ) - M * i - l ( 2 » ) 

pCi *°Sr kg"1 » 0 .13 d .+0 .0» d, .•O.OS A. , . . . • 

* » • " « »1-2C2M 

pCi *°Sr kg"1 - 0 .16 d ^ O . 0 7 dj . j+O.Oel ^ i m l ( i t ) 

pCi ' ° S r kg"1 « 0.24 d ^ 0 . 7 2 d j . ^ 0 . 1 7 « A j . j ^ S ) 

pCi *°Sr kg"1 - 0 .56 d^O.Ol d 1 . 1 + 0 . 0 » A W ( J ) + 
• 0 . 1 7 6 A j . a , 2 i ) 

pel *°Sr kg"1 (1) • 0 .16 d j + 1 , 1 d j . j^O.29 A 4 _ 2 ( 2 g ) 

pe l * Sr kg * (1) - 0 . 3 4 d ,^0 .31 A , . . , , . ^ 

• 0 . 0 1 6 l A w , 2 « > 

SU\ « 1.49 d .*0 .»5 d. . • 0 . 0 9 7 A 4 _ 2 ( 5 ) + 
• 0 . 0 6 1 l A t . 2 u « , 

SU • 1.39 d , * 0 . 9 » d. , • 0 . 1 1 4 \ m J t i t * 
• 0 . 0 9 4 A J . J , , , , 

SVi - 0 . 0 7 3 d ^ O . 1 4 d t . j + 0 . 0 2 2 A 4 _ 2 ( 2 ( ) 

SU, . 0 . 0 6 7 . ^ j i ' t ø • 0 .03« A J . J J J , • 0 . 0 1 2 A w ( j , 

IM 

5* 

4 . « 

2 . 6 

70 

51 

47 

30 

62 

49 

49 

30 

2 . 4 

2 . 7 

8 . 1 

>.o 

13 

5 

5 , 6 

6 . 2 

1 ,1 

0 . 8 

file:///-K2i
file:///-ll2.l
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those used in previous years (cf. Risø Report No. 345, Appendix 
Cl)), but in the case of 1 3 7 Cs the f a l l - o u t ra te : d' and the 
accumulated f a l l - o u t : A' refer to 

90 
137 Cs f a l l - o u t instead of as 

ear l i er to Sr f a l l - o u t ; d* = 1.6 • d and A* = 1.6 * A, as the 
1 3 7 Cs/ 9 o Sr in f a l l - o u t i s 1 . 6 2 1 ) The IEI ( i n f i n i t e time ex­
posure integral) for Cs i s now based on Cs f a l l - o u t and i s 
thus 1.6 times l e s s than the e a r l i e r values . 

90 In Appendix D values are shown for the Sr f a l l - o u t rates 
90 (d.) and some of the accumulated Sr f a l l - o u t (A.) used in our 

calculat ions of predict ion models. 
90, 

The predicted values in 1976 for Sr were in general higher, 
137 whereas the Cs values were lower than those observed. 

Table C 2 

A comparison between observed and predicted Cs levels 

in the human food chain in Denmark In 1*76 

Sample and area 

Milk frost Ju t land 

Kilk from the I s l a n d s 

Rye from Jut land 

Rye from the I s l a n d s 

Barley from J u t l a n d 

Barley from the I s l a n d s 

Wheat from Jut land 

Wheat from the I s l a n d s 

Oats from Jut land 

Oats from the I s l a n d s 

p o t a t o e s from J u t l a n d 

Pota toes from the I s lands 

White cabbage 

Carrots 

Pork 

Beef 

Total d i e t from J u t l a n d 

Total d i e t from the I s l a n d s 

Whole body from the I s l a n d s 

Observed 

3 .4 

1.6 

16 

6 . 5 

6 . « 

0 .9 

7 .0 

1.0 

19 

6 .S 

1.5 

0 .9 

2 .1 

0 . « 

22 

32 

2 .6 

2 .5 

9 . 5 

P r e d i c t e d 

1 .3 

1 .1 

4 . 2 

4 . 0 

3 . 2 

2 . ' 

3 . 6 

2 . 3 

2 . 7 

2 . 5 

0 . 6 

0 . 5 

1.« 

0 . 6 

15 

9 

2 . 4 

1.« 

15 

Equation used f o r t h e p r e d i c t i o n 

pCl 1 3 7CS (9 Kj'jJ, " 2 .7 d j » 0 . 7 7 d*_j*0 .20 å[,2 

pCi 1 3 7CS <g ID'j ' , - 1.7* d;»D.66 d J . j + 0 . 0 2 2 A J _ J ( S 

pCi 1 3 7 C . k , - J , - • S d J , , ^ . ^ , 

PCI »7c. k,-J, -'o«;,«.. , . .«, , 

pci 1 3 7 c . * , - > , - « d ' ( M i y . A a 9 ) 

pCi " 7 C . « , - » , • M i ' i , n v . h a t t 

pCi 1 3 7 C . » ."J , - 71 d I ( M , ¥ . A u „ 

pCi 1 3 7 C . km-J, - 4 5 d ; ( H l y . A a g ) 

PCI 1 3 7CS k , - J , - 52 d i ( f w y . A u g ) 

pCi 1 3 7 C . kq;J, - *9 d[mty.hag} 

pCi 1 3 7 C s kg"* - 3 . 5 dj 

pCi 1 3 7 CS kg'J - 3 . 3 df 

pCi 1 3 7 C s kg'jj. - 0 .81 d j * 0 , 0 4 3 A J - i ( g ) 

pCi 1 3 7 CS kg'J - 1.49 dJ-*0.092 » J . j ( 2 , 

pCi 1 3 7CS kVjJ, * 16 .6 dJ-HC.4 d J . j M . 1 7 * . J . 2 ( U 

pel 1 3 7CS kg'Jj - 25 dJ+0.2 d j . ^ 1 . 1 7 A ^ _ 2 ( 2 . 

pCi 1 3 7 C . <q K ) - 1 - 2 .« d 'M.O d j ^ ^ . j , 

pel 1 3 7 C . ( , K>-' - 2 .2 d j * 0 . 9 3 d j i . i ^ j i . j , 

PCi 1 3 7 C . I , K ) - 1 - s . « d j ; f . J » , » . „ • , , . „ • 
o . i o * i - j ( j o i 

«!• 

3.6 

2.6 

27 

26 

21 

1« 

24 

15 

17 

16 

3.5 

3.3 

1.3 

1.8 

35 

29 

4.4 

4.1 

15 

http://dJ.jM.17
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APPENDIX D 

90 -2 -1 d,t Annual fall-out rate in mCi Sr km y 

A..-.:Accumulated fall-out by the end of the year (i) 
1 -̂>^ on 

assuming an effective half-life of Sr of 5 y. 

Unit: mCi 90Sr km"2. 

Ai(15) a n d Ai(27.7): 

Accumulated fall-out by the end of the year (i) 
90 assuming effective half-lives of Sr of 15 y 

and 27.7 y, respectively. 

Unit: mCi 90Sr km"2. 

di(May-Aug.) a n d di(July-Aug.): 

The fall-out rates in the periods: 

May-Aug. and July-Aug., respectively. 

Unit: mCi 90Sr km"2 period"1. 

The fall-out rate (di) was based on precipitation data 

collected for all Denmark in the period 1962-1976 (cf. table 

4.1.1 ' ) . Before 1962 the levels in the tables were estimated 

from the HASL data for New York (HASL Appendix 291, 1975) con-
90 

sidering that the mean ratio between Sr fall-out in Denmark 

and New York was 0.7 in the period 1962-1974. 
^ di(May-Aug.) a n d di(July-Aug.) v a l u e s w e r e a l s o o b" 

tained from table 4.1.11' for the period 1962-1976. For the 

years 1959-1961 the values were calculated from data obtained 
90 

from wSr analysis of air (1959) and precipitation samples 

(1962 and 1961) collected at Risø (cf. ref. 17). Before 1959, 

the values were estimated from the corresponding d. values 

assuming that the ratios d ^ ^ . ^ ^ and d i ( J u l y. A u g J/d i 

were constant in time and equal to the means found for the 

period 1962-1974, which were 0.54 (1 S.D.: 0.09) and 0.24 

(1 S.D.: 0.06), respectively. 
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l »SO 

1*51 

1952 

1 9 5 1 

1 9 5 4 

1955 

1 9 5 * 

1 9 5 7 

1 9 S t 

1959 

19*0 

1 » U 

l » 6 2 

1 9 6 1 

1964 

19* 5 

19** 

! » * • > 

!»«» 
19*9 

19T0 

1971 

19 72 

19 71 

197« 

197S 

» 1 * 

d t 

0 . 0 2 1 
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0 , 1 9 * 

0 . 5 0 0 

1 . 9 0 1 

2 . 5 0 1 

5 . 1 0 1 

n o : 
4 . 3 0 2 

* . 1 0 2 

1 . 1 4 0 

1 . 4 « ! 

7 . 4 2 « 

1 * . * 9 5 

1 0 . 4 1 2 

l.'-J* 

2 . 1 4 5 

1 . 0 4 7 

1 . 4 0 J 

t . W 

1 . 4 4 7 

1 . 5 0 * 

0 . 4 IS 

0 . 1 9 2 

J . 7 1 0 

0 . 4 1 4 

o.ioi 

OwruMwrk 

A -<5> 

0 . 0 1 « 
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O . J . 3 
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1 1 , 7 0 7 
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l » . HO 
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1 1 . 0 0 4 
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0 . 1 1 « 

0 . 2 9 9 
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2 . 5 4 4 

4 . » 1 7 

7 . 5 6 0 
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1 9 . 2 5 9 

1 9 . 1 0 1 
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4 0 . 7 . 8 
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4 * , * » 7 

4 4 . 1 4 2 
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0 . 1 1 « 

0 . 1 0 9 
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2 . 4 2 1 

4 . 9 9 7 

7 . » 9 » 
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1 4 . 4 5 B 
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2 0 . »54 
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4 4 . 0 7 1 
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5 5 . 4 7 9 
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5 4 . 0 2 3 
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5 5 . S 4 1 
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5 4 . 9 9 1 

5 1 . » 2 i 

5 1 . 1 * 3 

5 2 . 2 7 2 
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d l 

0 .O22 

0 . 1 1 4 

0 . 2 2 4 

0 , 5 6 6 
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;.an 
1 . 5 1 0 

i . l l j 

4 . »69 
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? . > 7 . 
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APPENDIX B 

Plutonlum-239 and -240 in grain samples fro« 1963 and 1965 

The maximum concentrations of long-lived fall-out nuclides oc­

curred in the first half of the sixties. The present study was 

carried out to get an impression of the possible maximum plu­

tonium concentrations from fall-out to be found in Danish diet 

components. Grain was selected because grain products have been 

the main contributors to radioactive contamination of the Danish 

diet during periods with high fall-out rates. 

In 1963 the mean concentrations in rye and wheat were 1.43 

and 0.35 vCi "''""Pu kg , respectively. In 1965 these levels 

had decreased by a factor of 5-6, corresponding to the ratio 
90 

between the Sr fall-out in the summer months of the two years. 

Appendix E.l 

Plutonium-239,240 in grain fro« th« stat« experiment«! farats in 19(3 

T/lstrup 

Studsg&rd 

ildum 

Askov 

St. Jyndevad 

Blang«tedqird 

TV*toft« 

Virunglrd 

Abed 

Åkirkeby 

Mean 

* triple detenu] 

Rye 

»inter 

•1.48--0.10 

•0.97i0.05 

1.14 

2.1 

1.4« 

1.43 

Spring 

Barley 

Spring 

2.610.1 

1.70 

1.47 

1.(4 

1.34 

2.1 

0.71 

2.0 

1.13 

1.31 

1.(1 

Winter 

3.1 

3.1 

nation* 

wheat 

Winter 

0.22:0.10 

0.1(3 

0.24 

0.49 

0.2« 

Spring 

0.S4 

0.34 

0.47 

0.4S 

Oats 

Soring 

1.97:0.41 

0.13 

0.99 

2.0t0.1 

0.(6 

1.27 

0.74 

2.9 

0.99 

0.71 

1.31 
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Appendix E.2 

Plutonium-239,240 in grain from the state experimental farms in 1965 

Tylstrup 

Studsgård 

vidua 

Askov 

St. Jyndevad 

Blån gs tedgård 

Tystofte 

Virungård 

Abed 

Åkirkeby 

Ledreborg 

Mean 

Rye 

Winter 

0.145 

0.29 

0.157 

0.48 

0.39 

0.134 

0.071*0.011 

0.24 

Spring 

0.132 

0.132 

Barley 

Spring 

0.21 

0.46 

0.41 

0.72 

0.48 

0.30 

0.28 

0.31 

0.41 

0.37 

0.29 

0.39 

Winter 

Wheat 

Winter 

0.062 

0.23 

0.070 

0.110 

O.084 

0.046 

B.D.L 

0.0116 

0.C170 

0.070 

B.D.L 

0.064 

Spring 

0.095 

0.112 

0.047 

0.043 

:.086 

0.092 

0.065 

0.032 

0.072 

Oats 

Spring 

0.122 

0.149 

0.109 

0.146 

0.30 

0.21 

0.21 

0.25 

0.34 

0.27 

0.104 

0.20 

Appendix E.3 

Anoyaof In pCi 2 3 9 , 2 4 0Pu kg-1 grain from 196 3 and 1965 

Effect 

Main 

m 

n 

Interaction 

w 

m 

» 

Remainder 

Source of variation 

years (y) 

species (s) 

location (1) 

y x s 

s x 1 

y x 1 

y x s x 1 

SSD 

59.895 

38.555 

3.910 

0.636 

4.781 

3.253 

3.998 

6.528 

f 

1 

3 

10 

3 

26 

9 

17 

22 

s2 

59.895 

12.852 

0.391 

0.212 

0.184 

0.361 

0.235 

0.297 

v2 

236.92 

50.836 

1.547 

0.902 

0.782 

1.537 

0.793 

P 

> 99.95% 

> 99.95% 

^ 85.2% 

-v 53.9% 

^ 27.9% 

^ 78.7% 

-v 31.6% 

It is remarkable that the interspecific variation is more 
90 

pronounced for plutonium than for other radionuclides ( Sr, 

Cs, Mn) and that the concentration order is barley > oats 

<v rye>wheat, while the order of the direct contamination for 

other radionuclides ' is rye > barley> wheat 'v oats. 

A discussion of these observations will appear in forth­

coming publication. 



- 113 -

REFERENCES 

1) Risø Reports Nos. 1, 3, 9, 14, 23, 41, 63, 85, 107, 130, 

154, 180, 201, 220, 245, 265, 291, 305, 323 and 345 (1957-

76) 

2) R.G. Osmond, N.J. Overs, C. Healy, and A.P. Mead, The Deter­

mination of Radioactivity due to Caesium, Strontium, Barium 

and Cerium in Waters and Filters. AERE-R 2899 (1959). 

3) F.J. Bryant, A. Morgan, and G.S. Spicer, The Determination 

of Radiostrontium in Biological Materials. AERS-R 3030 

(1959). 

4) John H. Harley, Manual of Standard Procedures. HASL-300 

(1972). 

5) A. Hald, private communication (1958). 

6) J. Lippert, Low Level Counting. Risø Report No. 44 (1963). 

7) P. Quittner, Nucl. Instr. and Methods 76., 115-124 (1969). 

8) J. Lippert, Some Applications for Semiconductor Detectors 

in Health Physics. Proc. of the First International Con­

gress of Radiation Protection, 271-277 (Pergamon Press, 1968). 

9) Meteorologisk Institut, Ugeberetning om nedbør m.m. 1976. 

10) L.J. Middleton, Int. J. Rad. Biol. 4, 387-402 (1959). 

11) Folmer Dam and Agnes Elgstrom, Vore fødemidler (Svegårds 

Forlag, Sorø, 1968). 

12) J. Vestergaard, Analysis of Variance with Unequal Numbers 

in Group. GIER System Library No. 211 (A/S Regnecentralen, 

Copenhagen, 1964). 

13) Landbrugsstatistik 1975. Danmarks Statistik (Copenhagen, 

1977). 



- 114 -

14) Fortegnelse over seat lige aejerier og æjeriorganisationer 

i Danaark (Århus. 1972). 

15) Statistisk årbog 1972 (Statistical Yearbook) (Copenhagen, 

1972). 

16) J. Lippert. Ris*-M-1780. June 1975. 

17) A. Aarkrog, Prediction Models for Strontiua-90 and Caesiua-

137 Levels in the Huaan Food Chain. Health Physics 20. 

297-311 (1971). 

18) Ebbe Kanneworff and Willy Nicolaysen, The "HAPS". A Fraae-

supported Bottcsi Corer. Ophelia 10:119-129 (Oct. 1973). 

19) M.A. Talvite, Analyt. Chea. 43, 1827 (1971). 

20) Landbrugsstatistik 1900-1965, vol. I and II. 

21) UNSCEAR: Ionising Radiation vol. I: levels. (United Nations, 

New York 1972). 

22) K. Edvarson, K. Low and J. Sisefsky, Nature 184, 1771-74 

(1959). 

23) R.C. Chadwick and A.C. Chaaberlain, Ataospheric Environaent 

4_, 51-56 (1970). 

24) A.C. Chaaberlain, J. Air Polution 3, 63-88 (1960). 

25) D.H. Pierson and J.R. Keane, Nature 196, 801-807 (1962). 


