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ABBREVIATIONS AND UNITS 

J: joule: the unit of energy; 1 J « 1 Na (« 0.239 cal) 
Gy: gray: the unit of absorbed dose • 1 J kg-1 (« 100 rad) 
Sv: sievert: the unit of dose equivalent « 1 J kg-1 (* 100 re«) 
Bq: becquerel: the unit of radioactivity * 1 s_1 (« 27 pCi) 

cal: calorie * 4.186 J 
rad: 0.01 Gy 
rev: 0.01 Sv 
Ci: curie: 3.7-1010 Bq (« 2.22-1012 dp«) 

T: tera: 1012 

6: gige: 109 

H: afcga: 10* 
a: ailli: 10~3 
it: aikro: 10'* 

n: nano: 10"' 
p: pico: 10~*2 

f: featc; 10**15 

a: attoi 10"18 

cap: caput: (per individual) 
TNT: trinitrotoluol; 1 Nt TNT: nuclear explosives equivalent 

to 109 kg TNT. 

cpa: counts per ainute 
dpa: disintegrations per ainute 
OR: observed ratio 
CP: concentration factor 
PP: fission products 
nR: aicro-roentgen, 10"** roentgen 
S.U.tpCi 90sr (g Ca)"1 

O.R, (Observed ratio 
H.U.:pCi 137C8 (g K)-1 
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vertebrae 

•ale 

fee* le 

nSrs natural (stable) Sr 

eqv. mq KCl: equivalents ag KCl: activity as from 1 ng KCl 

(~ O.St dp«) 

S.D.: standard deviation: 
. A<_-x&)' 

V (n-1) 

/ E { 5 -Cx-x^' 
S.E.: standard error: 1/_______ 

r nfn-1) 

U.C.L. 

L.C.L. 

S.S.D. 

f: 

S 2 : 

V2; 

P: 

n: 

AMOVA: 

A: 

B: 

B.D.L.: 

upper control level 

lower control level 

sun of squares of deviation: -(x-Xj)2 

degrees of freedom 

variance 

ratio between the variance in question and the 

residual variance 

probability fractile of the distribution in question 

coefficient of variation, relative standard deviation 

analysis of variance 

relative standard deviation 20-33% 

relative standard deviation >33%, such results are 

not considered significantly different from zero 

activity 

below detection limit 

In the significance test the following symbols were used; 

: probably significant (P > 95%) 

: significant (P > 99%) 

**•: highly significant (P > 99.9%) 

•• 
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1. INTRODUCTION 

1.1. 

The present report is the twenty-fourth of a series of periodic 

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

in Denmark. The organization of the material in the present re­

port corresponds to that of last years report. After the intro­

duction and a chapter on organization and facilities there fol­

lows a chapter on environmental monitoring around nuclear facil­

ities (Risø, Barsebåck and Ringhals). Chapter four deals with 

fallout nuclides in the abiotic environment, i.e. air, water 

and soil. Chapters five and six comprise fallout nuclides in 

the human diet and human tissues, respectively. Chapter seven 

is devoted to environmental tritium studies. Plutonium and Ame-

ricium in environmental samples are treated in chapter eight, 

and external radiation in chapter nine. The names of the authors 

of each chapter appear at its head. 

The Becquerel has now replaced the Curie, however, in tables 

(mean values) and figures the Curie is shown for comparison. In 

the figures we have used the right-hand ordinate for Curie. 

1.2. 

The methods of radiochemical analysis2-4) and the statistical 

treatment of the results12) are still based on the principles 

established in previous reports1)* 

1.3. 

The environmental monitoring programme for Risø National Labora­

tory has been revised. Total 3-measurements are only performed 

on waste water. The detailed tables of the programme appears in 
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the two semiannual reports: Radioactivity in the Ris« d i s t r i c t 
January-June 1980 and July-December 1980. 

1 . 4 . 

The report contains no information on sample collection and 

analysis except in cases where these procedures have boon 

altered. 

1.5. 

In 1980 the personnel of the Environmental Control Section of 

the Health Physics Department consisted of two chemists, one 

biologist, eiqht laboratory technicians, two sample collectocs, 

and two laboratory assistants. The Section for Electronics De­

velopment continued to give assistance with the maintenance ot 

counting equipment, with the interpretation of -y-spectra and 

with data treatment. The proqramme (cf. 2) used in the calcula­

tions of ^Sr and the f-analysis, as well as the nroqramr • for 

data treatment, were developed by this Section. 

1.6. 

The composition of the averaqe Danish diet used in this report 

is identical with that proposed in 1962 by Professor B. Hoff-

Jørgensen, Ph.D. 
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2 . FACILITIES1#*,7,8) 

By J . Lippert 

2.1. Detectors 

The activity of the samples is measured as follows: 

Alpha (239pUf 24lAm): 16 solid-state surface barrier detectors 

connected to four multichannel analyzers (64 channels per de­

tector) and another two for total alpha counting. 

Beta (90y mainly): Six "multidetector"-systems each containing 

5 sample counters and a common anticoincidence shield are now 

put into regular use. This type of detector has replaced the 

mechanical sample changers previously used. 

Gamma (natural and fallout isotopes): 4 Ge(Li) detectors in 10 

cm lead shields and connected to a 8192-channel analyzer with 

four-input facility. One further Ge(Li) detector mounted on a 

tripod and a 4096-channel analyzer are used for field measure­

ments , and a 8" " 4 " Nal(Tl) in an underground shielded room is 

used for whole-body counting. The Ge(Li) detectors have an ef­

ficiency of _> 20% (relative to 3" * 3" Nal(Tl)). 

2.2. Data treatment 

Measured spectra are transferred to a Burroughs B6700 computer 

for evaluation. 

A program system STATDATA16) is developed for registration and 

treatment of environmental measurements including multichannel 

analyzer spectra. To date, approximately 50 000 sets of results 

have been registered covering the period from 1957. 
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I 
HEALTH PHYSICS DEPARTMENT-

WASTE TREATMENT STATION-

HOT CELL FACILITY 

10 MW REACTOR J p P 
DR 3 

Fig. 3.1.1. Sampling locations at Risø National Laboratory. 

1 — 5: locations for rain bottles (0,03 m2 each), ion-exchange 

columns (0.06 m2 each) and grass samples. Ss waste water and 

grass. Rs 1 m2 daily rain collector, [x] s 10 m2 monthly ion-

exchange rain collector. B s new air collector. 
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3. ENVIRONMENTAL MONITORING AT RISØ, BARSEBACK AND RINGHALS IN 

1980 

by H. Dahlgaard 

3.1. Gross g-activity in fresh water from Risø 

Fig. 3.1.2 shows the control chart for S (cf. fig. 3.1.1). The 

yearly means for S in 1980 was 55 eqv. mg KCl I'1 (1979: 45). 

Fig. 3.1.3 shows the activity in waste water. 

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

Pig. 3.1.2. Control chart for waste water (S) 1980. 



- 14 -

200 

150 
r— 

O 

g»100 

> er 

50 

0 
60 65 70 75 80 85 

YEAR 

Fig. 3.1.3. Annual total-ø mean levels in waste water collected 

at Ris« 195B-1980. 

3.2. Marine environmental monitoring at Barseback and Rinqhals 

The radiological monitoring of the marine environment around 

the two nuclear power plants at Barseback and Ringhals in 

Sweden1) was continued in 19S0. 

Pigures 3.2.1.1, 3.2.1.2, and 3.2.1.3 show the sampling loca­

tions. 
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12°50'E 13°00E 

55°50'N 

55°A5*N 

55°50,N 

55%5'N 

12°50'E 13°00'E 

fig. 3.2.1.1. Sampling locations at BarscbXck. 49 and 50 

indicate fishing tracks. 
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Pig. 3.2.1.2. Sampling locations at Rinqhals. 14 and 16 

indicate fishing tracks. 
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Fig. 3.2.1.3. Samplinq locations in the Sound. 

This programme is sponsored by the Nordic Liaison Committee for 

Atomic Energy (Nordisk kontaktorgan for atomenergi) as part of 

a co-operative activity together with the Department of Radia­

tion Physics, University of Lund, Sweden. 
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3.2.1. Tf-ewittinq radionuclides in brown algae 

Tables 3.2.1.1, 3.2.1.2, and 3.2.1.3 show the radionuclide con­

centrations found by Y-spectrometric analysis in brown algae 

sampled near Barseback and Rinqhals in 1980. Table 3.2.1.4 

presents results from the Sound (Sresund) further away from Bar­

seback. 

As noted in the preceding reports1) »-.he concentration of the 

reactor-produced nuclides, *>nCo, 58co, 54p|nf 6^2n, and
 linmAg, 

Table 3.2.1.1. Gaaaa-eaitting radionuclides in Fucus vesiculous (Fu.ve.)« 

Fucus serratus (Fu.se.) and Zostera aarina ( Z O . M . ) collected at Barsebtck 

in 1980 (Unit: Bq kg-1 fresh weight) 

Date of sampling 

Station N o . " 

Height fresh/dry 

Species 

iDistanc-" fro« 
outlet in km 

1 

24 

5.35 

Fu.ve. 

1.4 

April 

23« 

6.58 

Fu.ve. 

2.8 

24 

3.93 

Fu.ve. 

1.4 

24 

3.75 

Fu.se. 

1.4 

12 August 

26 

4.54 

Fu.ve. 

4.0 

23« 

3. CO 

Fu.ve. 

2.8 

23" 

7.57 

Zo.aa. 

2.8 

60 C o 

58co 

5«Mn 

« 2 n 

110*A 9 

137C. 

131! 

330 

14.2 

9.2 

56 

0.8 

2.6 

1.3 

A 

A 

7.6 

0.2 

0.46 

1.37 

1.97 

0.69 

A 

400 

65 

17.0 

52 

3.5 

450 

73 

17.4 

59 

3.6 

49 

7.5 

2.9 

5.2 

3.2 

18.5 

2.2 

0.79 

2.1 

3,8 

13.4 

2.5 

0.6 A 

2.6 

* Locations south of the outlet; the other locations were situated north of the 
outlet. 

•*Cf. Fig. 3.2.1. 

http://Fu.se
http://Fu.se
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1 .2 .1 .2 . CMaM-aaåttia« r i M e w m a a l a n a n s aasiealaaaa ! * « . « • . ) . 

Facaa aarrataa ( r» .«e.> ca4Xect*4 a t W i i ^ i l i J0I7 l i an* « . » » . C«M«? 4* * * - ' » « • * * weiahci 

l u t i a i • » - • * 

W*iet* 
ffvdk/alrjf 

Spades 

Pistaaea ttmm 
• a t l e t i a am 

7 

4.14 

4 . 2 

7 

J.SI 

• - 2 

• 

4.«2 

1.9 

S 

4.74 

4 . 1 

• 

J . M 

4 . « 

• 

S . W 

4 . 4 

• 

) . W 

«-• 

u 

4-41 

4 . 1 

12 

l . M 

4 - » 

9» 

4. IS 

1.1 

I t « 

4.41 

F^.na. 

1 .9 

« • 

4.91 

4 . 1 

•«Oe 

» C 

M - » 

***» 

w « 

"•*"« 

'*cs 

52 

22 

4 . 4 

122 

1 . 9 

2 . 2 

O.S ft 

S I 

M . T 

1.4 ft 

147 

l . T 

4. S 

1.2 ft 

a.« 

J . T 

4.S ft 

11-2 

2 . 7 

4.4 ft 

4 . 4 

2 . 2 

7 . « 

2 . 1 

9.9 ) . 4 S . I 4.2 4 . 7 23 4.4 1.44 

2-4 1.2 ft 2.« 2.4 J.B 11.4 1.7 4.4 ft 

0 -1 ft 4 . 1 • t . 4 ft 1.« ft 4 .1 ft 

S.4 S-9 9.4 j.l S - * 41 41 4.S 

I . ] 2 .« 1-S 4 .1 4 . 1 1.1 2.7 I . « 

1.4* 1.14 

4 .1 ft 0.4 ft 4 .1 ft 

* Lacatieejs sea** a t the a a t l a t ; the acker l a c a t i e m n a n siteaced north mt the a e t l e t . 

• *C f . F i e . 1 .2 .2 . 

Table 3 . 2 . 1 . 3 . Fawn f i t t i w e , radionucl ides ia racas vesiculosa« ( F i t . « * . ) , ran ts ser ra te« ( F u . s a . ) 

and ep iphyt ic areen a laaa c e l i a c tad a t »iwaHals October S, 1940. ( U n i t : 4a. • • , " ' f resh weiattt) 

S ta t ion R e . * * 

Meiaht 
f ras l i /d r r 

Spacias 

Distance f roa 
ou t la t in k« 

7 

3.4« 

r u . s e . 

0 . 2 

7 

1 . 1 ) 

•p iphyt 

0 . 2 

4 

3.45 

Pu .ve . 

1 . 9 

S 

4.3S 

Fu .ve . 

4 . 1 

• 

3.45 

Fu.va. 

4 . 0 

12 

3.74 

Fu .se . 

4 . ) 

9 * 

3.97 

Fu.ve. 

1 . 1 

I t " 

3.47 

Fu.sa . 

1 . 9 

13» 

3.70 

Fu.ve . 

4 . 1 

*0co 

»•Co 

S««n 

• *2n 

137C , 

110aAo 

9 0 

22 

3 . 1 

1*0 

4 . 7 

11.0 

14.« 

4 . 3 

1.« A 

171 

3 . 0 

25 

14.7 

2 . 7 

0.99 

27 

4 . 5 

1.01 

4 . 4 

1.15 

0.3 4 

15.7 

2 . 4 

0.41 

4 . 4 

0.93 

0 .4 A 

14.2 

3 . 5 

0.5 A 

4 . 1 

1.25 

0 .4 A 

9 . ) 

4 . 0 

15.7 

4 . 1 

0.71 

( 0 

2 . 4 

5 . 4 

25 

5 . 0 

0.4 A 

134 

3 . 4 

4 . « 

4 . 0 

0.77 

0 .3 A 

1 1 . • 

3 . 5 

1.17 

* Locations south of the o u t l e t ; the othar locat ions ware s i t u a t a d north of the o u t l e t . 

• • « . F i a . 3 . 2 . 2 . 

http://ru.se
http://Fu.se
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• U l l i « I t a . w . l . 

» M I I X »»•" I n * w ^ i i 

• , „ t > M i «v. i| t »tmtl t * * . • ! i ftl i l ta*»K t> l ^ w t *» ta<pM •» l i i i w » >I,M« K l • pi.r 

IHI^H f l ^ n « M | V » t K W »-!» * - « > . U KM « . . . 1. .7 «.«» * . « 

»>-T I7.» w . » w . « » . » J4.T 

%MM« ! • • « • fe-.*- fe-«*- ft.-..- *»-«*. f t e . i . . Pto.«*. C M . r* .* t . .<«.«•. Ca.Na. rw-s*. 

**C» • - * * • - » * • -»> • • > • 4 . M ?-•* »-«• * . . M 4 . 1 ' l.?< 

* W & 2.« :.»« «.4i l . i i .« 1-2 2.* 9-jr * ; . * 2.4 1.2* 2 -T 

* * t t 1 - * * 

• * » 1 - * * 

* ^ i . . •« A «-2* * 

'»'i f.M . . 2 • * . « A 

•C*, n * . ».2->.»-

decreases with distance from the outlet in a similar manner. 

The decrease in concentration 125 km alonq the Swedish West 

Coast north of the Barseback outlet has been described by a 

power function: A * k X-'***0*'. where A is the activity con­

centration in Pucus and X the distance in kra^7). 

The long-distance data from the Sound (Table 3.2.1.4) indicate 

that only a minor fraction of the activity reaches the Danish 

coast, and the main part of the plume from Barseback remains 

near the Swedish west coast. 

Expressing the decrease in activity with distance from Ringhals 

by a power function, A = kX~B, gives B-values of 0.83 and 0.95 

northwards for July and October 1980, respectively. Southwards, 

the corresponding figures are 1.06 and 0.87. A pooling of the 

results from 1977-1980 yields $-values of O.HO±o.U4 (S.E., n = 7) 

and 0.95±0.04 (S.E., n • 6) northwards and southwards, respec­

tively. 

Table 3.2.1.5 shows a comparison of the 3 fucoids Fucus vosicu-

losus, Pucus serratus, and Ascophyllum nodosum. Onlv G^Co re­

sults for Pucus vesiculosus and Fucus serratus differ signifi­

cantly from unity. The ratio: 60Co/58Co tends to increase in 

the orders Fucus vesiculosus < Fucus s«rratus < Ascophyllnm 

nodosum, meaning that the "integration time" rises in the sane 
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Tablo 3.2.1.5. Ratios c * Activity concentration« 

on fresh weight basis in Pucus vosiculosus (Fu.v*.). 

Pucus sorratus (Fr.so.) and Ascophyllua nodosum 

(ns.no.) collected at Rinohals 197«, 1979 and 1900 

I s o t o p s 

« C o 

*«Co 

*«Hn 

«x„ 
1 1 0 « * , 

1 3 7 C s 

n i l 

*Hr 

F u . v o . / F u . s o . 

0 . 7 0 t o . 07 

O.MlO.O« 

1.1 £ 0 . 2 

0 . 9 0 * 0 . 2 0 

1 . 0 tO.2 

1 . 0 10 .1 

1 . 0 

1.1 

(n>S) 

<n»S) 

<n«3) 

(n>5) 

(n>2) 

<n-4) 

(n>1) 

(n-IJ 

Pu. w o . / A s . n o . 

1 . 1 1 0 . 3 ( n - 5 ) 

2 . 9 * 0 . « (n«5) 

2 . 3 (n«1) 

1 . 4 1 0 . 3 ( n - 5 ) 

1 . 0 t 0 . 2 (n»3) 

1 . 1 1 0 . 1 <n«2) 

0 . 1 (n>1) 

The orror torn was 1 S-E. 

manner. This may be explained by differences in the mean aqe of 

the various species sampled. 

Tables 3.2.1.6-3.2.1.8 report transfer factors calculated as 

TP » 
fBq kg-

' Vi =T) 1 m xGBq month 

-ID, 

and decay-corrected transfer factors calculated as 

Ai / Bq kg-1 

DTP. =r) f. ,,*.»» GB*I <m «onths) 
I Dje-*<

i"i> 

where Ai is the activity of the sample collected in month i (Bq 

kg"1 fresh weight), 0^ is the discharge during month j (Bq 

month"1), n is the number of months in the calculation, and X is 

the radioactive decay constant (month-1). Monthly discharges 

are from Reference 36. In the TP-calculation m is 12 months, 

whereas in the DTP-calculation m is chosen as the number of 

months for which DTF-values for 6°Co and 58co are equal. The 

"integration-time" is defined as this last m-value. If more 

months than the "integration time" are included in the calcula­

tion, DTF for 60Co (Tj ~ 1922 d) will be smaller than DTP for 

http://ns.no


- 22 -

T a w 3 . 2 . 1 . 9 . Transfer f a c t o r . TV, without oecay-coerect ion . 

Fuc«a> veaiculoaus co l lec ted a t Barsebfck. locat ion 24« ».4 •>• 

oar t o of tha o a t l e t 

Dischero* tha prece4in« TF 
Saoaltn« 12 »oath« » , k , - l 

Isotoae data 
»th_ I r a l . S.0.% Goo. oonth - 1 

•°Co 1/4-40 2.0f> 49 H I 

12/4-00 2 . ( 2 » 15S 

" C o w e n : 1 M I t i l 1 3 

1979 170 «41 

1978 122 i t * 

1977 1*4 ±4* 

**Cc I / « - * « 0 . « ) 92 22.« 

12/1-10 O . t t 103 99 .1 

S*Co aaa«: 1900 »1 »39 

1979 2 5 . 3 * 9 .5 

1970 *9 *3V 

1977 75 125 

••••n 1/4-90 0 .15 * 95 59 .9 

12/1-90 0.153 99 111.0 

*•*» aean: 1900 95 22« 

1979 79 *10 

1979 77 <27 

1977 133 «25 

**In 1/4-90 0.455 CS 122 

» 12/4-90 0.539 90 9t 

•*In men: 1990 109 »13 

1979 141 »40 

1979 132 *72 

1977 157 »43 

"»•*, 1/4-90 0.0C4 74 12.9 

110"A<? nean: 1910 12.9 

1979 14 .3 * 2.1 

1979 14 .4*11 .7 

1977 14 .7 * 7.5 

s 1Cr w a n t 1979 14.S 

1978 1.5 

1977 5.6 

Tha e r ror term wa* »1 S .e . 
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Table 3.2.1.7. Transfer factor. TP. without decay-correction. Brown alqae 

(tron Tables 3.2.1.2 and 3.2.1.3) collected at Rir.qhals, location *, 1.9 km 

north of the outlet and location 9, 1.1 ka south of the outlet 

Isotope 
Saaplin« 

date 

Discharge the precedinq 
12 Bontha TF 

Bq kq-

GBq nonth' 

GBq eonth'1 rel. S.D.t Location * Location 9 

"Co 15/7 -80 

5/10-80 

7.25 70 

7.*0 71 

1.10 

1.9J 

3.15 

2.07 

"Co m 

s«co 

*«Co 

19 tO 

1979 

1970 

1977 

15/7 -90 

5/10-iO 

1990 

1979 

1979 

1977 

1.93 

l.tO 

95 

112 

1.52t0.42 2.»1*0.5« 

2.40 2.0*t0. 39 

1.5110.31 1.»910.*9 

4.0910.5* i.90t0.90 

2.00 

1.«« 

7.09 

2.54 

1.9310.17 4.1212.2« 

1.72 2.1510.99 

0.0510.3« 1.7010.7« 

1.21*0.97 2.5011.02 

54«n 

5*Hn mean: 

15/7 -90 

5/10-10 

19(0 

1979 

197« 

1977 

0.4* 

0.45 90 

1.09 

2.21 

2.14 

1.59 

1.9510.5« 1.8*10.28 

2.0« 2.8110.94 

1.9010.40 1.9210.58 

4.7012.3* 3.7*10.52 

*5*n 15/7 -10 

5/10-80 

7.(0 

3.41 

172 

79 

1.43 

7.94 

(.05 

17.5 

»Sin 1980 

1979 

1978 

1977 

4.t«13.2< 12.814.7 

7.«» 13.013.9 

4.5410.0« 10.C15.1 

12.917.9 22.7110.2 

'10"AO 15/7 -90 

5/10-10 

0.015 

0.078 

130 

250 

28.4 100 

13.0 75 

110»Aq 1990 

1979 

1978 

1977 

20.717.7 8« 112 

6.35 9.212.3 

4.8010.22 5.01 

45.8 49.0 

The error term was *1 S.E. 
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the relatively short-lived 58Co (T, ~ 71.3 d ) , as 60Co-releases 

not included in the sample are included in the calculation, 

whereas the corresponding 58rj0 discharges have decayed. The 

calculation of the "integration time" by DTP-values is ^ade on 

the assumption that the algae cannot distinguish between the 

two isotopes, i.e. they are assumed to be in the same physico-

chemical state. 

Table 3 . 2 . 1 . 8 - Decay-corrected t r a n s f e r f a c t o r s , DTF. Fucus v e s i c u l o s u s c o l l e c t e d a t Barseba'ck, l o c a t i o n 24 , 1.4 kn 

north of the o u t l e t . (Uni t : Bq ( • months) k g - 1 GBq"1) 

P_te of 
saaplin? 770615 771022 771206 780417 780615 780908* 781210 790406 790619 800107 800401 800812 

• aonth 

6 0 C o 

MCo 

54nn 

"zn 

""•A, 

5'cr 

7 

31.5 

28.8 

41.8 

34.1 

2.6 

6.6 

7 

21.9 

21.9 

18.4 

22.6 

4.2 

4 

23.5 

23.7 

22.8 

25.0 

8 

3.33 

3.30 

3.22 

5. 14 

f).f,6 

0.77 

8 

8.13 

7.67 

9.01 

9.36 

3 

24.1 

23.3 

16.ft 

22.7 

10 

29.9 

30.3 

18.4 

46.0 

3.74 

13 

20.6 

20.6 

12.3 

30.9 

2. 53 

10.6 

16 

7.14 

7.08 

7.00 

10. 7 

1.45 

16 

9.20 

8.69 

7.88 

13.2 

1.08 

19 

8.53 

9.07 

5.78 

12.7 

0.96 

5 

28.2 

27.3 

29.2 

24.3 

•Mean of 2 samples . 

Values of the normal transfer factor, TF, and the decay-cor­

rected transfer factor, DTF, from this investigation have been 

reported and discussed earlier1'32). 

In Tables 3.2.1.6 and 3.2.1.7 normal transfer factors, TF, from 

Barseback and Ringhals from 1980, and mean values from 1977-

1980 are reported. These values can be extrapolated to other 

distances by the power functions mentioned above. As the month­

ly discharges are very different the TF-values will vary even 

if the plants accumulate the same fraction of the discharged 

nuclides throughout the year. Differences in growth and per­

haps in temperature also contribute to the variation. The fair­

ly good reproducibility of the TF-value for most nuclides from 

both Barseback and Ringhals is therefore remarkable. These TF-

values, calculated on the basis of controlled discharges during 

several years, can be used to estimate the magnitude of an un­

controlled release of the basis of a few Fucus samples. A bias 
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may occur due to differences in chemical specification. However, 

this will not be serious as bioindicator data reports the bio­

logically available fraction and thereby the potential trans­

port to man. 

A comparison of the TF-values from Barsebåck and Ringhals indi­

cates that even if the values are calculated for the same dis­

tance, or transformed to the same distance by the power func­

tions established above, the TF-values for radiocobalt, 

and 652n are much higher in the Barsebåck than in the Ringhals 

area, whereas the 11°mAg values are of the same order of magni­

tude. Furthermore, at Barsebåck the TF-values for 65Zn are of 

the same magnitude as those for *>°Co an(j 54^n> whereas at Ring-

hals the 65Zn values are higher than those of 60Co and 5^Mn. 

Thus, it is evident that differences between Barsebåck and Ring-

hals are not limited to absolute values of the transfer factors 

(e.g. due to hydrodynamical differences) but extend to ratios 

between different pairs of radionuclides. 

These apparent differences in accumulation of the various nu­

clides between the two sites could be explained by differences 

between the environments. For instance, salinity is higher, 

approx. 20 o/oo, in the Pinghals area, whereas it is lower, 

averaging approx. 10 o/oo, in the Barsebåck area. However, a 

more reasonable explanation is that the radionuclides may be 

discharged in different physico-chemical forms from the two 

plants due to differences in waste-water treatment. 

Decay-corrected transfer factors, calculated for the number of 

months, m, that make 6nCo an<$ 56Q0 values approximately egual, 

are reported in Table 3.2.1.8. "m" is denoted the "integration 

time", which was described previously1»32)m ^g t n e DTF-values 

are independent of the physical decay of the nuclides, they are 

supposed to show the transfer of the metals independently of 

the decay constants. The variation observed for the DTF-values 

is apparently not correlated to season (cf. Table 3.2.1.8) as 

previously suggested1). 
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3.2.2. Y"emitting radionuclides in benthic invertebrates 

In 1980, 2 mussel samples from Barsehack were analysed (cf. 

Table 3.2.2.1); of these one (location 26) is comparable with a 

Fucus sample (cf. Table 3.2.1.1). 

Table 3.2.2.1. Gamma-emitting radionuclides in Nytilus edulis collected at Barsebåck 

in 1980. (Unit: Bq kg-1 fresh weight) 

Date Sampling* Depth Weight 1 3 7Cs 58Co 65Zn 60Co 
location in m fresh/dry 

Soft part 12/8 26 0.5 21 0.165 0.24 1.34 1.74 

Shells . . . 1 # 1 5 o.81 A 1.94 

Soft part 13/8 49 7 9.7 0.36 0.29 A 2.0 1.70 

*Cf. Fig. 3.2.1.1. 

In Rinqhals, 4 mussel samples were collected at the same sites 

as brown algae, and activity ratios were calculated as previous­

ly1) (Table 3.2.2.3). The mean values from 1977-1980 indicate 

that Fucus from Ringhals concentrates the corrosion products to 

a level approximately 5 times hiqher than Mvtilus on a fresh 

weight basis. The dose commitment to a hypothetical critical in­

dividual consuminq 20 kq Mytilus edulis soft parts yearly would 

be approximately 3 pSv y"1 based on the 4 samples. Thus, this 

extreme approach qives only 0.3% of the yearly background radi­

ation dose. 

Table 3.2.2.2. Gamma emitting radionuclides in benthic animals collected at Ringhals in 1980. (Unit: Bq kg 

fresh weight) 

Species Date Sampling* Weight. Depth 137Cs 60Co 58Co 65Zn 110mAg 54Mn 
location fresh/dry in m 

Mytilus edtilis (soft part) iK/7 

« If M It ft 

Cyprlna islandica (soft part) 16/7 

" " (shells) 

Starfish 20/7 

Hytilus edulis (soft part) 5/10 

it It If it it 

Cyprlna islandica (soft part) 11/10 

7 7.2 0.5 0.S3 

8 7.0 0.2-1.0 

16 5.2 18 0.94 

1.06 " 0.60 

14 3.6 15 1.02 

7 7.6 0.5 0.38 

12 5.3 " 0.97 

16 5.9 18 0.84 

9.1 2.4 90 1.56 0.25 A 

2.5 6.8 A 

0.46 0.90 0.12 A 

1.44 

0.55 10.4 0.59 A 0.21 A 

4.8 0.85 122 3.3 

0.62 9.2 0.24 B 

0.48 0.51 0.15 A 0.09 A 

*Cf. rig. 3.2.1.2. 
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Table 3.2.2.3. Activity ratios on fresh weight basis, Mytilus edulis soft part 

(from Table 3.2.2.2) to Brown algae (from Tables 3.2.1.2 and 3.2.1.3) collected 

at Ringhals in 1980 

Brown algae Location Date *°Co 58Co 54Hn 652n 1 3 7Cs 110»Ag 

Fucus vesiculosus 7 15/7 0.18 0.11 0.06 0.74 0.14 0.49 

Fucus vesiculosus 8 " 0.64 1.26 

Fucus serratus 7 5/10 O.OS 0.04 0.34 0.08 0.30 

Fucus serratus 12 " 0.10 0.99 0.24 

Fu.ve. and Fu.se. 

Mean 1977-1980 0.20 0.16 0.07 0.52 0.30 0.30 

S.E. 0.05 0.04 0.01 0.11 0.07 0.09 

n 12 9 3 10 7 5 

3.2.3. Y~emittinq radionuclides in fish 

Corrosion-product levels in fish caught near Barseback and Ring-

hals are low (Table 3.2.3.1). The dose commitment to a hypothet­

ical critical individual consuming 100 kg fish meat yearly from 

the vicinity of Ringhals would be approximately 5.5 uSv y~1 or 

0.5% of the yearly background radiation dose based on the re­

sults from Table 3.2.3.1. Of this dose the power plant is re­

sponsible for only approximately 0.7 ySv, as the radiocesium 

originates from Windscale and from fallout. 

Table 3 . 2 . 3 . 1 . Gamma-emitting radionuclides in f i sh meat co l l ec ted 

at Barseback August 13, 1980 and at Ringhals July 20, 1980. (Unit: 

Bq kg"' fresh weight) 

Location 

Barseback 50 

Species 

Flounder 

137Cs 

1.71 

65Zn 

0.58 A 

60 C o 134Cs 

Ringhals 14 Sea scorpion 4.1 4.8 0.90 A 

Dab and plaice 3.1 1.35 0.19 A 0.21 A 

Catfish 4.5 0.87 0.29 0.21 

3.2.4. ^-emitting radionuclides in sea sediments 

As previously sediments sampled by the HAPS bottom corerl**) were 

sliced in 3-cm thick sections and analysed by yspectrometrv 

http://Fu.se
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(cf. Tables 3.2.4.1 and 3.2.4.2). 60Co oriqinatinq tron the power 

plants was detectable at both sites. 

Table 3.2.4.1. Geaaa-aaitting radionuclides in sediment saapies 

collected at Barseback location 38 in 1980 

Depth 
Date in ca 

1"ca 60 C e 134CS 

Bq k q ~ 1 Bq a - 2 Bq k q - 1 Bq a - 2 Bq k q - 1 Bq a " 2 

8 / 8 0-3 

3 -6 

6 -9 

9-12 

12-15 

15-18 

68 

34 

6 .1 

1 1 . 4 

3.9 

2 . 1 

690 

390 

65 

139 

SO 

24 

1 4 . 9 

1 . 3 9 

150 

1 6 . 3 

1 .89 1 9 . 2 

0 - 1 8 1360 166 1 9 . 2 

2 0 / 1 2 0 - 3 

3 -6 

6 - 9 

72 

38 

8 . 1 

850 

420 

101 

20 

3 . 4 

230 

38 

2 . 0 A 23 A 

0-9 1370 268 23 

Tabic 3 .2 .4 .2 . -•Kitt ing radionuclide* in sadiaant saaplas collactad at 

Kinqhals location 2 in 1980 

Depth 
Oat* in ca 

137c , 60co 134C, 125a, 

Bq kg" 1 Bq a - 2 Sq k g - 1 Bq a * 2 Bq k g - 1 Bq a - 2 Bq k g - 1 Bq a - 2 

20/7 0-3 

3-6 

6-9 

9-12 

23 

11.5 

6.3 

lost 

480 

374 

217 

lost 

8.6 

1.81 

181 

59 

12-15 1.69 54 

0-9 1070 240 

11/10 0-3 

3-6 

6-9 

20 

11.0 

3.8 

550 

370 

145 

27 

2.1 

743 

73 

1.0 A 27 A 2.9 A 78 A 

0-9 1070 820 27 78 
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4. FALLOUT NUCLIDES IN THE ABIOTIC ENVIRONMENT 

by A. Aarkrog and J. Lippert 

4.1. Air 

4.1.1. Strontium-90 

The mean air activity level for 1980: 9.9 nBq 9t>Sr m~3, i.e. 

0.7 times the 1979 level. The maximum activity in 1980 was meas­

ured in May at 17.1 uBq 9<>Sr m"3. 

Table 4.1.1. Strontium-90 in air collected at Ris« in 

1980. (Unit: uBq m~3> 

Daily air filters Meekly air filters 
Month 

Paper Glass 

January 

February 

March 

April 

Nav 

June 

July 

August 

16/9-29/9* 

October* 

November* 

December 

6.3 

7.5 

11 .4 

10.1 

17.1 

IS.4 

13.6 

9.6 

5.6 

9.7 

6.1 

6.2 

7.8 

13.6 

1980 

1980 fCi m - 3 

9.9 

0.27 

•Glass fibre filters 
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Pigure 4.1.1 shows the quarterly levels of 90sr in air since 

1957. 

4.1.2. Cesium-137 

Air samples were collected weekly by means of a new air sampler 

installed in 1979 at Risø. The sampler collects the air dust on 

6 glassfibre filters each 56 * 48 cm2. The filters collect ap­

proximately 275,000 in3 j n o n e week. Similar samplers have been 

operated during 1980 in Bornholm and in Mors (NW-Jutland). 

Table 4.1.2.1 shows the monthly 137Cs concentrations in air 

from the three stations. It is evident that there was no local 

variation between the three. Hence global air activity in Den­

mark seems adequately monitored by one sampling station. 

Table 4.1.2.1. Cesium-137 in glass-fibre air filters 

collected once a week at three locations in Denmark 

in 1980. (Unit: wBq m - 3) 

Month Risø NW-Jutland Bornholm 

January 

Pebruary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

5.911.2 

5.220.6 

11.112.3 

11.4*2.2 

15.612.6 

16.213.4 

13.112.1 

9.613.5 

4.710.6 

2.610.3 

3.110.7 

5.611.0 

17.815.0 

12.0 

9.6 

8.1 

6.3 

3.0 

5.510.6 

5.610.9 

11.1 

8.7 

14.410.04 

14.9 

13.1 

10.6 

5.2 

3.1 

3.610.6 

4.4 

1980 8.7 8.4 

1980 fCi m-3 0.24 0.23 

The error term is the S.E. of the mean of the activity 

found in 4 or 5 weekly filters collected during a 

month. In case of no error term the filters have only 

been measured monthly. 
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Strontiura-90 analyses of the glassfibre filters from the old 

air sampler have revealed that the gas meter of the old sampler 

was inoperative in 1978 and in the first half of 1979. The gas 

meter underestimated the air volume passing through the filters 

in this period. The ^ 3 7c s results (and results of other ir-emit-

ters in these air filters) from 1978 should be multiplied by 

0.54, and from the first half of 1979 by 0.65 (cf. Rise-R-4031) 

p. 38-41 and Risø-R-421*> p. 43-45). Table 4.1.2.2 shows the 

annual *37cs concentrations in air collected at Risø since 1958. 

0 I 1 1 1 1 1 1 1 1 1 1 1 1 0.0 

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

Fig. 4 . 1 . 2 . Cesium-137 in ground leve l a i r at Ris*» in 1V80. 

The 13?Cs concentrations in air in 1980 were lower than at any 

other time since measurements beqan. 
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T«bl« 4 . 1 . 2 . 2 . C«siuB-137 in 
• i r c o l l e c t e d »t Ris* 19SS-1900 

»•ar fCi m~* »Bq •" 

1958 

1959 

19(0 

1961 

19(2 

19*3 

19*4 

19*5 

19** 

19*7 

19*« 

19*9 

1970 

1971 

1972 

1973 

1974 

1975 

197« 

1977 

1971 

1979 

I9S0 

4.2 

13.1 

1.9« 

2.3 

23 

** 

31 

10.* 

5.7 

2.1 

2.4 

2.4 

3.4 

2.7 

1.37 

0.47 

1.9* 

1.30 

0.42 

1.»2 

1.70 

0.*2 

0.24 

155 

400 

73 

•4 

•50 

2400 

1150 

390 

210 

79 

•• 

91 

127 

90 

51 

17.3 

73 

40 

15.5 

•0 

»3 

23 

9.7 

4.1.3. Short-lived remitting nuclides in air 

On October 16, 1980, China tested a nuclear weapon in the inter-

mediate ranqe (~ 0.1 Nt) in the atmosphere. Table 4.1.3.1 shows 

the various short-lived y-emitters measured in air from Oct 20 

to Dec 29, 1980, and Table 4.1.3.2 qives the results from Born-

holm. As for 137c8 w e notice no local variation (cf. also Table 

4.2.7). 
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Table 4 . 1 . 3 . 1 . Short - l ived f i s s i o n products in airborn debris f r o * the Chinese t e a t 
explosion 1* October 1MQ c o l l e c t e d in around l ev e l a i r at R i se . October-Deceeber 
19M. (Uni t : »Bq s T J ) 

Date 

20-24/10 

24-27/10 

27 /10-3 /11 

3-10/11 

10-17/11 

17-2+/11 

24/11-1 /12 

1-S/12 

8-15/12 

15-22/12 

22-29/12 

»*Zr 

9 . 0 

9 . 8 

29 

147 

71 

72 

320 

310 

310 

»5Mb 

3 . 7 

4 . 6 

1 6 . 6 

101 

61 

62 

330 

330 

3S0 

1 0 3 * u 

1 .1 A 

2 . 6 

1 3 . 0 

1 7 . 1 

43 

200 

90 

77 

330 

330 

270 

1M*u 

4 B • 

6 A 

1 3 . 9 

8 A 

1 1 . 7 

35 

44 

33 

« 1 l 

6 . 5 

1 3 . 8 

9 . 9 

9 . 7 

1 5 . 3 

32 

1 2 . 2 

9 . 2 

1 4 . 1 

1 3 . 9 

4 A 

1 4 0 . , 

6 B 

25 

23 

49 

177 

62 

40 

140 

112 

70 

1 4 0 u 

3 . 9 

22 

22 

50 

175 

62 

39 

143 

114 

66 

1 4 1 C . 

1 2 . 2 

1 4 . 4 

41 

184 

81 

65 

300 

290 

230 

1 4 4 C . 

5 B 

6 A 

43 A 

40 

21 

18 

93 

98 

66 

Table 4 . 1 . 3 . 2 . S h o r t - l i v e d f i s s i o n products in a i rborn deb r i s from the Chinese t e s t 

explosion 16 October 1980 c o l l e c t e d in ground l eve l a i r a t Bornholm, October-December 

1980. (Unit : iiBq m - 3 ) 

D a t e 

2 1 - 2 8 / 1 0 

2 8 / 1 0 - 4 / 1 1 

4 - 1 0 / 1 1 

1 0 - 1 8 / 1 1 

1 8 - 2 4 / 1 1 

2 4 / 1 1 1 9 7 9 -
2 / 1 1980 

9 5 Z r 

2 . 3 

8 . 9 

1 4 . 8 

68 

144 

270 

« N b 

0 . 7 A 

4 . 2 

7 . 0 

43 

108 

330 

1 0 3 R u 

2 . 8 

1 1 . 8 

21 

87 

172 

210 

1 0 6 R u 

5 A 

8 A 

12 A 

24 

1 3 1 j 

1 0 . 4 

1 1 . 1 

1 2 . 2 

25 

30 

B . D . L . 

1«°Ba 

6 A 

1 7 . 0 

24 

107 

150 

75 

1 4 0 L a 

4 . 0 

1 4 . 8 

26 

100 

154 

81 

K l C e 

2 . 6 

8 . 9 

1 8 . 1 

87 

165 

196 

1 4 4 C e 

6 A 

7 A 

B . D . L . 

38 

72 

4.2. Strontium-90 and various T-emitters in precipitation 

Samples of rain water were collected in 1980 from the State ex­

perimental farms (cf. fiq. 4.2) in accordance v/ith the principles 

laid down in Risø Report No. 63, p. 51 1). 

Table 4.2.1 shows the results of the 9°Sr determinations and 

Tables 4.2.2 and 4.2.3 the analysis of variance of the results. 
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10°E 12°E 

10°E 12°E 15°E 

Pig . 4 . 2 . State experimental farms in Denmark. 

The maximum concentration in precipitation occurred in March-

April when the mean content in precipitation was 11.2 Bq 90Sr m~3 

(cf. also the air measurements in 4.1.1), and the maximum fallout 

rate also occurred in May-June, 1.35 Bo 90Sr m~2. The mean levels 

for ten State experimental farms were 4.3 Bq 90Sr m"2 and 5.6 Bq 
90Sr m"3. The fallout rate in 1980 was 0.70 times that observed 

in 1979. The 90Sr deposition in 1980 was 1.5 times hiqher in 

Jutland than in the Islands. The ANOVA showed a siqnificant local 

variation in 1980. 
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f f c t a 4 . 2 - 1 . S U a a t i a a - M f a i l - a a t i a D H M I « i a 1940 (aaaaUaa araa a t aach l o c a t i a a : C. 147 • * ) 

P a r i a * Oki t t y l a t n r »aar ia #aaa ftahav S t . Jya- » l a a t Tyatof ta «aa4 JUtirkaby l a a x a - K m 
enaé) a t a i j l r e b a r f 

Jaa-Tak 

M r c h - a a r i l 

way Jaaa 

jur-aa* 

l a a t 0*« 

•a« Pac 

weo 

» » • - ' 

•!•- ' 

• t a i - 3 

• • • " ' 

•a.-"3 

»»•-s 

• I " - 3 

• a « - ' 

» l » - : 

» , • - 3 

B B B - 3 

• l « _ J 

» I - - 3 

«!•- ' 

1 4 . 1 

1 4 .10 

» 24 

' 0 .47 

1 11.4 

1 1.47 

' 4 .0 

1 4 . M 

1 2 .2 

1 0.34 

' 1.4 

!
 O.SJ 

1 * 4 . 1 

' t 4 .2 

3 .5 

0.24 

9 .2 

0.44 

13.1 

2 .0 

4 . 4 

1.44 

S.4 

1.44 

3 .3 

0 .00 

S.9 

4 . 4 

10.4 

" .24 

12.2 

0.47 

11.0 

1.15 

4.7 

1.2* 

2.2 

0.33 

3.2« 

0.49 

S.S 

4.2 

4 .4 

0.30 

4 . 3 

0.40 

11-0 

2.S 

5 .1 

1.32 

1.49 

0.49 

2.2« 

0.43 

5-0 

5.0 

4 . 0 

0.34 

0.4 

0.57 

0.4 

1.49 

S.3 

1.32 

2.4 

0.70 

5 .5 * 

1.24 

5.3 

5.7 

4 . 1 

4.22 

4 .0 

0.41 

14-0 

0.49 

4.5 

0 .09 

2.4 

0.35 

3 .9 * 

0.00 

4 . 9 

3.2 

4 . 7 

0.24 

10.7 

0.37 

11-5 

0.91 

4 .4 

0.03 

3.0 

0.42 

3 .7 * 

0.43 

5.4 

3.2 

7 .3 

0 .24 

11.4 

0.55 

4 -0 

0 .79 

J .9 

0.42 

3 .1 

0.50 

4 
2 .9 

0.33 

4 .5 

3.0 

7.3 

0.2S 

19.2 

0.40 

11.1 

1.2* 

7.3 

1.05 

5.0 

0.72 

5.0 

0.04 

7.6 

4 .« 

7.3 

0.2« 

13.1 

0.43 

12.9 

1.01 

4 .4 

4.49 

5.0 

0.07 

& 
3.0 

0 . 3 ) 

7.0 

3.« 

5.0 

0.24 

11.2 

0.50 

10.4 

1.35 

5.1 

0.99 

3.3 

0.62 

3.6 

0.62 

5.6 

4.3 

f C i 1-1 * 0 .17 0.14 0.15 0.13 0.14 0.13 0.15 0.12 0.20 0.19 0.15 
1944 

• C l k>-2 C 0.114 0.162 0.114 0.157 0.154 0.006 0.006 0.001 0.124 0.097 0.116 

• p r e c i p i t a t i o n t 0-664 1.010 0.754 1.174 1.069 0.651 0.503 0.644 0.613 0.510 0.772 

»1/11-17/12 

*B precipitation fron Ntt. Inat. *ra uaad for calculation of Oq a*2. 

Table 4 . 2 . 2 . Analysis of variance of In Bq m"3 prec ip i ta t ion 
in 1980 (from Table 4 .2 .1 ) 

Variation SSD f s 2 v 2 P 

Between months 15.166 5 3.033 33.566 > 99.95« 

Between locat ions 1.734 9 0.193 2.132 > 95% 

Remainder 4.066 45 

Table 4 . 2 . 3 . Analysis of variance of In Bq m~2 prec ip i ta t ion 
in 1980 (from Table 4 .2 .1 ) 

Variation SSD f s 2 v 2 P 

Between months 15.477 5 3.095 39.415 > 99.95« 

Between locat ions 2.735 9 0.304 3.870 > 99.5« 

Remainder 3.534 45 
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A comparison between the yearly amounts of precipitation found 

in the rain gauges used by the Danish Meteorological Institute9) 

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

locations in 1980 showed a mean ratio of 1.1110.11 (1 S.D.) be­

tween the two sampling systems. 

In April 1980 during a sandstorm we measured the soil drift in 

a height of one meter by weighing the amount of soil collected 

in the rain bottles at the State experimental farms. The mean 

amount of soil collected at 8 stations was 20 g m~2 (1 S.D.: 18 

g m ~ 2 ) , median 13 g m~2. The total area of Denmark is 43,000 km2. 

Hence the total amount of soil drift in the country was estimated 

at 0.02 kg m~2 * 43»109 m2 = 0.86»109 kg. The ploughing layer 

contains 0.1 nCi 90Sr kg-1, 0.2 nCi 137Cs kg"1, and 0.005 nCi 

239,240pu kg-1. Hence the amounts of activity carried by drift 

soil in a height of one meter during the storm of April 1980 

was approx. 0.1 Ci 90Sr, 0.2 Ci 137Cs, and 5 mCi 239,240Pu (0r 

3 GBq 90Sr, 6 GBq 1 3 7Cs, and 0.16 GBq 239,240Pu). T n i s corre­

sponds to 50-100 ppm of the total inventory of these radionu­

clides in Danish soils. Compared with the total 90Sr fallout 

with precipitation in March-April 1980, the contribution from 

drift soil amounted to approx. 5%. Tables 4.2.4 and 4.2.5 show 

the 9°Sr and *37Cs levels in rain water collected at the 10 m2 

rain collector at Risø. 

As compared with the State experimental farms in Zealand (Tys­

tofte and Ledreborg in Table 4.2.1) the 90Sr fallout (Bq m - 2) 

measured at Risø was only 77% and the concentration (Bq m~3) 

was 81%. The amount of precipitation at Risø was 0.545 m, which 

was nearly the same as the mean of the Tystofte and Ledreborg 

values. 

The ratio: 137Cs/90Sr measured in monthly rain at Risø was 1.291 

0.29 (1 S.D.); in air we found the ratio as 0.8510.25. Both re­

sults are lower than those hitherto observed. 

The washout ratios calculated for Risø was ff'§ = 0.48 for 

^Sr and |«^ » 0.70 for ^37Cs, these values were also lower 

than the usually observed washout ratio of 1.0. At present, we 

have no explanations for these deviations from the "normal" 
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Table 4 . 2 . 4 . Strontiua-90 in rain water co l l ec ted in 

a 10 a 2 ion-exchange coluen co l l ec tor at Rise in 1980 

Period • Bq «~3 nq m~2 

January 

February 

March 

Apr i l 

May 

June 

July 

August 

Sept••bet 

October 

November 

1/12-19/12 

0.024 

0.020 

0.015 

0.028 

0.010 

0.076 

0.083 

0.041 

0.072 

0.076 

0.061 

0.038 

4 . 8 

4 . 4 

6.% 

6 . 8 

14.5 

9 . 2 

5 .9 

5 . 5 

1.79 

1.82 

2 . 1 

4 . 0 

0.115 

0.089 

0.096 

0.189 

0.148 

0.703 

0.486 

0.226 

0.129 

0.139 

0.128 

0.152 

1980 I 0.545 T 4.8 C 2.60 

1980 pCi 1-1t 0.129 mCi km -2: 0.070 

Table 4 . 2 . 5 . Cesium-137 in rain water co l l ec ted in a 

10 m2 ion-exchange column co l lec tor at Rise in 1980 

Period m Bq m"3 Bq m"2 

January 

February 

March 

Apr i l 

May 

June 

July 

August 

September 

1/10-27/10 

27/10-31/10 

November 

1/12-19/12 

0.024 

0.020 

0.015 

0.028 

0.010 

0.076 

0.083 

0.041 

0.072 

0.048 

0.028 

0.061 

0.038 

4 .7 

5 . 6 

9 . 6 

10.8 

13.7 

9 . 9 

8 .1 

6 . 7 

2 .8 

2 . 8 

1.15 

3 . 7 

3 .7 

0.112 

0.114 

0.143 

0.30 

0.140 

0.76 

0.67 

0.27 

0.21 

0.137 

0.033 

0.23 

0.141 

1980 t 0.545 * 6.1 E 3.26 

1980 pCi 1"1« 0.165 mCi km-2« 0.089 
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values; however, the relatively large amount of precipitation 

in 1980 (~ 30% »ore than normal) may have lowered the washout 

ratio. 

Tables 4.2.4 and 4.2.5 show the 90Sr and 13?Cs levels in rain 

water collected at the 10 m2 rain collector at Rise. As compared 

with the State experimental farms in Zealand (Tystofte and 

Ledreborg in Table 4.2.1) the 90Sr fallout (Bq m - 2) measured at 

Risø was only 77% and the concentration (Bq m~3) was 81%. The 

amount of precipitation at Risø was 0.545 m which was nearly 

the same as the mean of Tystofte and Ledreborg. 

In order to investigate the distribution of fresh fallout in 

the 10 m2 deposition collector at Risø, we measured the fallout 

from the Chinese test explosion of Oct 16, 1980. Precipitation 

was collected in the period Oct 27 to 31. Measurements were per­

formed separately on 1: the dust remaining on the surface of 

the collector, 2: the prefilter before the ion-exchange column, 

3: the ion-exchange column resin, and 4: the effluent from the 

column. The dust on the surface of the collector was washed off 

with 9 1 1 % HNO3 and divided into an AHP-fraction and a Fe(OH)3 

precipitate, and the effluent from the column (cf. Table 4.2.7) 

was divided as well. 

Table 4.2.6. Short-lived Y-emitting nuclides in rain water collected in the 

10 m2 ion-

Isotope 

952r 

«Nb 

1°3RU 

106Ru 

131j 

1<°Ba 

1«°La 

KlCe 

1««Ce 

-exchange column 

1-27/10 

Bq m~3 

1.22 

0.3 B 

6.5 

31 

26 

23 

1.26 

Bq nT2 

0.059 

0.02 B 

0.31 

1.58 

1.25 

1.10 

0.060 

collector 

27-: 

Bg m~3 

23 

1 7.4 

39 

46 

58 

44 

32 

at Rise 

31/10 

Bq m"2 

0.65 

0.21 

1.11 

1.31 

1.65 

1.25 

0.91 

in 1980 

November 

Bq m"3 

74 

65 

155 

14.1 

65 

185 

189 

74 

21 

B q III"2 

4.3 

4.0 

9.5 

0.86 

4.0 

11.3 

11.5 

4.5 

1.28 

1-19/12 

Bq m~3 

115 

126 

174 

17.0 

14.1 

87 

88 

85 

31 

Bq m'2 

4.4 

4.8 

6.6 

0.65 

0.54 

3.3 

3.3 

3.2 

1.18 
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Table 4 » 2 . 7 . R a d i o n u c l i d e s in f r e s h f a l l - o u t i n v a r i o u s f r a c t i o n s 1cf . t h e t e x t ) c o l l e c t e d by t h e 10 * 2 r a i n c o l l e c t o r 

a t R i s # i n t h e p e r i o d 27-31 October 1960. The r e s u l t s (Bq m~2) Are r e f e r r e d back t o the day o f t h e t e s t e x p l o s i o n 

C16 Oct 1WM 

R a d i o n u c l i d e 

7Be 

9 S 2 r 

» W 

1«RU 

» ' I 

1 4 0 t a 

1 4 0 L , . 

"»'ce 

R a d i o n u c l i d e 

* 4 ' C e / 9 5 Z r 

H ° B a / 9 5 Z r 

1 3 1 v 9 5 z r 

1 0 3 R u / 9 5 2 r 

Dust washed 
f a c e of t h e 

o f f frosi th« s u r -
10 m2 c o l l e c t o r 

AMP f r a c t i o n 

Bq m~2 

0 . 0 9 

0 . 0 5 

0 . 0 2 

0 . 0 1 

0 . 0 6 

0 . 1 5 

0 . 0 4 

0 .11 

r a t i o s on < 

% 

0 

7 

8 

1 

1 

4 

2 

9 

3ct 16, 

F e ( O H ) 3 - f r a c t i o n 

Bq u~2 

1.20 

0 . 0 2 

0 .01 

0 .01 

-

0 .26 

0 .26 

0 . 5 8 

1980 

% 

3 

3 

4 

1 

0 

8 

10 

48 

Rain 
2 7 - 3 1 / 1 0 -

1. 

4, 

5, 

1, 

.6 

.5 

.4 

.9 

P r e f i l t e r Ion-exchange E f f l u e n t 
column 
( r e s i n ) 

AMP f r a c t i o n 

Bq B " 3 

2 . 9 8 

0 . 1 2 

0 . 0 6 

0 . 0 7 

0 . 7 4 

0 . 4 9 

0 . 5 1 

0 . 3 3 

•80 

1 % Bq B - 2 

9 3 1 . 0 7 

16 0 . 3 5 

25 0 .07 

5 1. 13) 

18 2 . 6 5 

15 2 . 4 8 

20 1.70 

27 0 . 1 0 

Air<±1 S . D . ) 
2 8 / 1 0 - 1 / 1 2 - 8 0 

1 . 7 6 * 0 . 2 4 

6 . 2 0 1 1 . 9 5 

5 . 0 7 1 1 . 5 3 

1 . 7 6 1 0 . 4 6 
( 10 samples) 

* Bq m"2 

88 

47 0 . 1 0 

29 0 . 0 4 

80 0 . 0 3 

66 0 . 4 9 

73 

66 0 . 0 4 

8 0 . 0 3 

% 

0 

13 

17 

2 

12 

0 

2 

3 

T h e o r e t i c a l r a t i o s 
a t f o r m a t i o n * ' 

1.77 

5 . 2 

4 . 6 

1.67 

from column 

F e ( 0 H ) 3 - f r a c t i o n 

Bq m"2 

0. 1 

0 . 11 

0.O4 

0 . 15 

0 . 10 

-

-

0 . 0 6 

% 

0 

14 

17 

11 

3 

0 

0 

5 

T o t a l 
d e p o s i t 

I 

Bq m"2 

35 

0 . 7 5 

0 . 2 4 

1.40 

4 . 0 4 

3 . 3 8 

2 .55 

1.21 

ftDecay corrected with half l i f e of parent nuclide. 

It appears that the parts of the ion-exchange system normally 

measured, i.e. prefilter and resin collect 97% of 7Be, 63% 
95Zr, 54% 95Nb, 85% 103Ru, 84% 1 3 1 I , 88% 140Ba, 86% 14nLa and 

35% 141Ce. The system is thus inadequate for collecting l41Ce, 
95Zr and 95Nb. Most of the 141Ce adhered to the surface of the 

10 n»2 collector (57%). To a considerable degree 95Zr and 95Nb 

passed through the column without being collected, 27% in the 

case of 95zr and 34% for 95Nt>. 

We cannot preclude that the total deposits estimated from the 6 

measurements of the various radionuclides may have been lower 

than the actual deposit because the AMP and Fe(OH)3 precipita­

tions may not have collected all activity from the wash water 

and the effluent. However, the ratios shown at the bottom of 

the table indicate that the measured ratios in rain are close 

to those in air (and to the theoretical ones). Hence we assume 

that we have recovered essentially all activity by the method 

applied, because it would be highly unlikely that radionuclides, 
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which behave so differently in the ion-exchange system, should 

come out with the correct ratios if some of the activity had 

not been accounted for by the analysis. 

We conclude further that initially none of the four ratios dif­

fered significantly from the theoretical ones. 

As regards the resin's efficiency of collecting 137cs, during 

1980 we have determined 137cs in the effluent by AMP precipitation. 

We found no indication of 137cs in the effluent, but some 137cs 

(and 9°Sr) may stick to the 10 m2 surface of the collector. 

This will be examined further. 

4.3. Fresh water 

4.3.1. Strontium-90 in ground water 

As in previous yearsl), ground water was collected in March 

from the nine locations selected by the Geological Survey of 

Denmark. Figure 4.3.1.1 shows the sample locations and Table 

4.3.1 the results of the ^uSr analyses. 

The median level of 90Sr in 1980 was compatible with the values 

found since 1967 (cf. fig. 4.3.1.2). 

As appears from fig. 4.3.1.3, the 90Sr levels in ground water 

from Feldbak have been around 50-75 Bq m~3 in later years ex­

cept in 1978 where we found about 100 Bq 9&Sr m~
3. 137cs was 

not measurable in 45 1 samples of Feldbak water from 1977, 1978, 

1979, 1980 and 1981; the levels must have been less than 7.4 Bq 

137Cs m-3. 
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10°E 12°E 

57° N 

56°N 

55°N 

10°E 12°E 15°E 

Pig« 4.3.1.1. Ground water sampling locations in Denmark. 
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Table 4.3.1. Strontium-90 in qround wator 

collected in March 19B0 

Location Bq m~^ kq Ca n~ 

Hvidstan 

Faldbak 

R — 

Ranne new 

Ranne old 

Hassel« 

F l r e t b f t e 

Kalundborq 

Ravnholt 

Freder ic ia 

0.070 

67 

0.03 

0.141 

0.141 

0.070 

0.033 

2 .4 

0.13 

0.66 

B 

A 

A 

B 

0.054 

0.030 

0.040 

0.011 

0.025 

0.116 

0.092 

0.093 

0.097 

0.U71 

Geometric mean 

l e d i a n 

Geometric 
mean: pCi l " 1 

Median: pCi 1"^ 

0 .14« 

0 . 1 4 

0.00311 

0.UO38 

0 . 0 6 3 « " 

0 . 0 6 2 

A sample of ground water from Maglekilde 

in Roskilde contained 0.65 Bq "°Sr m~3 and 

0.194 kq Ca m-3. In June a sanple of ground 

water from Kalundborq contained 10.2 Bq 
90Sr m~3 and 0.041 kq Ca -n-3. 

* Feldbak was not included in the qeometric 

mean. 

••Arithmetic mean. 
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rig. 4.3.1.2. Median 90Sr levels in Danish ground water, 1961-1980. 
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i—i i i i i i—i i i i i i i i—i i i i i i i — r r 

100 

m 

if) o 
O* 

XT 
CD 

50 

O 

x> 
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o 

O 
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- 1 

•o coPPP. 
65 

O 

J I I I I i—l I L 
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YEAR 

_i_J L_L 

80 85 

Pig. 4.3.1.3. Strontiun-90 in ground water at Feldbak 1961-1980. 

4.3.2. Cesium-137 in fresh water from Danish lakes 

In February 1980 we collected fresh water from Danish lakes (sø) 

from the locations shown in fig. 4.3.2.1. The results are shown 

in Table 4.3.2. The purpose was to compare the 137Cs and the 
90Sr concentrations in lake water. As the 90Sr levels in lake 

water has been rather constant in later years we used the 90Sr 

results from 1979 for the comparison. The 137Cs/90Sr mean ratio 

was 0.1620.14 (1 S.D.). The lowest ratios (~ 0.04) were found 

in Norsse and in Almindingen; the highest ratio (~ 0.40) was ob­

served in Flyndersø. 
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10°E 12°E 

N 

N 

N -Hostrup sø* 

0 50 100 
1 i i i i i i i i i I km 

r+Senderse ^Krystals« 
^VGrffAyres©*]) 

_i_ 
Læs a 

10° E 12°E 15°E 

Pig. 4.3.2.1. Sample locations for fresh water from Danish 

streams (a) and lakes (se). 
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Table 4 . 3 . 2 . C M I I W - U T in Danish lakes c o l l e c t e d in IMO 

Sen* 

I: 

II: 

III: 

IV: 

V: 

VI: 

VII: 

VIII: 

HCeMI 

±1 S. 

Ae.n: 

±1 S. 

North Jutland 

Cast Jutland 

Nest Jutland 

South Jutland 

runen 

Sea land 

Lolland-Falster 

•ernholo 

e. 

pCi 1-1 

e. 

Norsse 

HOSSO 

Plynderso 

Mostrup se 

Arreskov so 

Arreso 

Sonders« 

Alaindineen 

Bate 

V» 

3/» 

2/9 

4/* 

9/9 

2«/« 

10/* 

1»/» 

•qn-3 

3.3 

3.0 

3.7 

12.2 

2.7 

».• 

3.0 

1.22 

4.9 

1.4 

0.135 

0.037 

4.4. Strontium-90, Cesium-137 and Cesium-134 in sea water 

in 1980 

As in previous years, sea water samples were collected by N/S 

Pyrholm in the summer from inner Danish waters (cf. Table 4.4.1 

and figs. 4.4.1 and 4.4.2). Furthermore, sea water samples were 

collected at BarsebSck in the Sound (Table 4.4.2), and at Ring-

hals in the Kattegat (Table 4.4.3). Samples from the North Sea 

were obtained from the State ships "Nordjylland" and "Havørnen" 

(fig. 4.4.4 and Table 4.4.4). 

Figure 4.4.2 shows that the maximum 137Cs concentration in bottom 

water occurred in 1979, since then the levels have decreased. Ac­

cording to BNFL37) the maximum release from Windscale took place 

in 1975 (~ 5.2 PBq 1 3 7Cs). in 1976-78 the annual releases had de­

creased to about 4 PBq and in 1979 further down to 2.7 PBq. Hence 

we conclude that the transport time to Danish waters from Wind-

scale is approximately 4 years, i.e. in agreement with last year's 

estimate. We may further conclude that the inflow from the North 

Sea (500 km3 y"1) carried (500 * 109 m3 * -flîfiJL Bq nT3) « 
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Tab!« « . « . 1. S t r o n t i u m - 9 0 , C e s i u a - 1 J 7 and C e s i u « - 1 3 4 in s e a water c o l l e c t e d around Zealand in August and Noveaber-

D K « l n IMO 

P o s i t i o n 

Depth 

August November -December 

' " c s »*cs 
Bq i « ' 3 Bq H~J 

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

Depth »°Sr 1 3 4 c , 

Bq « - J Bq * -
S a l i n i t y 

o / o o 

w > , 5 . t i 0 2 5 . 0 

2 1 

28 

29 

41 1.6 B 

113 5 . 4 

16 .4 

34 .0 

0 

2 2 

1 7 . 8 

1 7 . 0 

67 

Lost 

2 .8 

Lost 

2 1 . 9 

2 4 . 1 

H e s s e l * 5 6 ° 1 0 ' 11°47 ' 0 

2 4 

JO 

32 

4« 2 . 1 A 

105 4 . 6 

1 7 . 7 

3 4 . 1 

0 

25 

12 .4 

29 

68 

108 

3 . 4 

5 . 1 

2 4 . ) 

3 3 . 0 

Kattegat SU 56°07" 11°10' 0 

39 

23 

29 

38 B.D.L. 

112 4 . 5 

1 4 . 4 

2 8 . 4 

0 

33 

16 .8 

l o s t 

50 

51 

2 . 4 A 

2 .6 

2 3 . 9 

3 2 - 1 

5 5 ° 3 8 ' t O ^ ? ' 0 

39 

l o s t 

l o s t 

35 B . D . L . 

105 5 . 5 

1 2 . 7 

3 0 . 9 

0 

35 

26 

28 

i>7 

95 

3 . 1 

4 - 2 

2 2 . 1 

3 0 . 7 

HalsScov rev 5 5 ° 2 J ' ll">0J' l o s t 

34 

26 B.C. 

91 5 . 2 

i n . 8 

2 9 . 2 

1 6 . 3 

1 > . 1 

48 

73 

2 . 2 B 

2 . 8 

1 8 . 8 

2 4 . 3 

Langeland b a i t 5 4 ° 5 2 ' 10°50" 0 

48 

33 

31 

21 B . D . L . 

93 5 . 0 

9 . 2 

2 9 . 7 

0 

45 

24 

27 

49 

53 

2 . 3 

2 . 8 A 

1 8 - 4 

1 8 . 6 

Femern batlt 54°36* t l ° 0 S ' 0 

28 

30 

88 

1.7 B 

5 . 1 

12 .0 

2 8 . 8 

0 

20 

1 7 . 3 

1 6 . 3 

37 

48 

2 . 3 A 

2 -2 B 

1 6 . 9 

14 .0 

Gedser odde 5 4 ° 2 8 ' 1 ! °59 ' t 3 . 8 

1 9 . H 

17.6 B . n . L . 

75 3 .2 

H.2 

2 7 . 3 

0 

18 

25 

l o s t 

33 

40 

B.D.L. 

B.D.L. 

1 3 . 4 

1 4 . 9 

54°57 ' 12°41" 17.4 

15 .2 

t n . 2 B . n . L . 

1 8 . 1 B . D . L . 

7 . 9 

7 .8 

0 

21 

24 

26 

23 

26 

B .D.L. 

B .D.L. 

9 . 3 

1 1 . 2 

The Sound - South 5 5 ° 2 5 ' 12°39' 0 

12 

3 1 

l o s t 

31 1 .4 A 

33 B.D.L. 

1 1 . 1 

1 2 . 5 

24 

25 

27 

28 

B.D.L. 

B .D.L. 

1 1 . 2 

1 1 . 9 

The Sound - North A 55°48" 12°44' 28 

32 

41 2.5 A 

89 4-4 

13.6 

27.2 

18.9 

19.1 

63 

62 

2.9 

2.6 

19.5 

22.6 

The Sound - North B 55059• 12"42' 0 

26 

24 

lost 

21 B.D.L. 

114 5.4 

10.7 

32.9 

0 

25 

21 

26 

67 

79 

3.0 

3.4 

21.3 

27.3 

Mean 

S.O. 

S.E. 

Hean 

S.D. 

S.E. 

25 

6.3 

2.0 

27 

6.5 

2.2 

11 

9.5 

_2._7_ 

86 

31 

9.0 

12.1 

3.1 

0.9 

26.9 

8.2 

2.4 

20 

4.3 

1.2 

50 

16.7 

4.8 

23 

5.1 

1.6 

60 

26 

7.9 

18.4 

4.9 

1.4 

22.1 

7.9 

2.3 

Hean: pCi 1"' 

S.D. 

S.E. 

Surface 0.67 

0.17 

0.05 

0.85 

0.26 

0.07 

0.55 

0.12 

0.03 

1.35 

0.45 

0.13 

Mean: pCi l"' 

S.D. 

S.E. 

0.73 

0.18 

0.06 

2.34 

0.84 

0.24 

0.62 

0. 14 

0.04 

1.63 

0.71 

0.21 
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Pig. 4 . 4 . 1 . Strontiua-90 in surface sea water fro* inner Danish 
waters, 1962-1980. (1 S.D. indicated) ( fro* Table 4 . 4 . 1 ) . 

36.5 x 10 1 2 Bq in 1980 or 0.85% of the discharge from Hindscale in 
1976, i . e . around 1% of the 1 3 7Cs from Windscale enters the Bal t ic 
Sea. 

From July-August to November-December the 50 Bq *37Cs m -3 i s o -
curve in Danish surface water moved from a l i n e Hals - south of 
Læsø - Goteborg to just North of Zealand, i . e . a distance of ap­
proximately 150 km, in f ive months or 1 km d"1 (~ 1 cm s " 1 ) . The 
mean ra t io : 1 3 4 Cs/ 1 37cs in Danish sea water in 1980 was 0.047 and 
the r e l a t i v e S.D. was approximately 10%. 
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rig. 4.4.2. Cesiun-137 in surface and botto* water collected 
in inner Danish waters 1972-1980. 
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11°E 12°E 13°E 

56°N 

30' 

55°N 

56° N 

30' 

55°N 

11°E 12°E 13°E 

Pig. 4.4.3. Sea water locations around Zealand. 
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Table 4 . 4 . 2 . Stront iua-90, Cesiuia-13? and Cesium-134 in 
»•m vater c o l l e c t e d in the Sound at BarsebSck, locat ion 38 
(cf . P ig . 3 .2 .1 ) in 1980 

D a t e 

8 / 8 

• 

2 0 / 1 2 

m 

Depth 
i n m 

0 

16 

0 

16 

9 0 S r 

Bq m~3 

36 

101 

1 7 . 6 

1 8 . 5 

1 3 7 C s 

Bq » - 3 

36 

104 

28 

57 

13«Cs 
Bq » ~ 3 

-

-

B . O . L . 

2 . 9 

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

1 3 . 1 

3 1 . 6 

1 1 . 2 

1 9 . 2 

Table 4 . 4 . 3 . Cesium-137 and Cesium-134 in sea water c o l l e c t e d a t Rinqhals in 1980 

Saml inn. l o c a t i o n 
( c f . P i q . 3 . 2 . 2 ) 

0» 

M 

2 

m 

Mean: S u r f a c e 

S . D . 

S . E . 

Mean: B o t t o m 

S.D. 

S . E . 

Mean: S u r f a c e 

S . D . 
p C i l ' 1 

S . E . 

Mean: Bot tom 

S . D . 
p C i l ' 1 

S . E . 

D e p t h 
i n n 

0 

66 

J u l y 20 

13 'Cs 
Bq m~3 

S3 

112 

53 

112 

Bq m - 3 

2 . 4 ^ 

5 . 4 

2 . 4 

5 . 4 

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

21).8 

3 5 . 3 

21) . » 

3 5 . 3 

D e p t h 
i n n 

0 

65 

1) 

22 

S u r f a c e 

B o t t o m 

S u r f a c e 

B o t t o m 

O c t o b e r 11 

1 3 7 C s 

Bq m~3 

7U 

1U8 

56 

B2 

67 

16 

11 

95 

18 

13 

1 . 

0 . 

0 . 

2 . 

0 . 

0 . 

81 

42 

.30 

.57 

50 

35 

" « C s 
Bq m " 3 

2 . 5 

5 . 2 

2 . 6 

4 . 1 

2 . 6 

0 . 0 7 

0 . 0 5 

4 . 6 

0 . 7 8 

0 . 5 5 

0 . 0 6 9 

0 . 0 0 2 

0 . 0 0 1 

0 . 1 2 6 

0 . 0 2 1 

0 . 0 1 5 

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

3 0 . 0 

3 3 . 0 

1 8 . 6 

2 9 . 7 

2 4 . 3 

B.1 

5 . 7 

3 1 . 4 

2 . 3 

1.6 

•57°14'N 11°53'7E 
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Table 4.4.4. Cesium-137 and Cesium-134 in surface sea water 

collected at Cattegat in July 1980 

Position 
N E 

Date U 7 C s 

Bq m~ 
U«c a 

Bq m" 

57©19' 

57025' 

57031• 

57037* 

570421 

57028' 

57013 • 

56059« 

56°46' 

56°33' 

56°19' 

11°37' 

11°22' 

11O07' 

10°52' 

10°38' 

10O42' 

10O44* 

10O52' 

11°04' 

11017' 

11°30' 

21/7 

24/7 

Salinity 
0/00 

52 

63 

70 

71 

73 

74 

62 

46 

50 

48 

50 

2.5 

3.0 

3.6 

3.3 

3.6 

3.7 

2.1 

2.0 

2.2 

1.4 

2.0 

A 

A 

A 

B 

B 

B 

A 

21.6 

23.3 

30.8 

27.1 

30.6 

26.5 

20.8 

18.1 

18.1 

18.0 

19.5 

As was done earlier we calculated the regression equations be­

tween salinity and 90Sr and 137Cs activity in the sea water: 

Bq 90sr m"3 

Bq 90 S r m-3 

Bq 90Sr m-3 

Bq 9° S r m-3 

Bq 90Sr m-3 

Bq 9<>Sr m"3 

Bq 90Sr in"3 

Bq 90 S r m-3 

Bq 90Sr m-3 

Bq 90 S r m-3 

34.8-0.67 0/00 (1967-1971) 

35.9-0.74 0/00 (1972) 

35.2-0.52 0/00 (1973) 

34.4-0.37 0/00 (1974) 

29.2-0.22 0/00 (1975) 

26.3-0.074 0/00 (1976) 

26.3-0.056 0/00 (1977) 

27.8-0.107 0/00 (1978) 

27.8-0.31 0/00 (1979) 

20.8+0.159 0/00 (1980) 

The regression analysis showed only significant regression in 

1967-1971, 1972 and in 1974. 

Bq ^ c s m-3 * 

Bq 137cs m"3 = 

Bq 137cs m"3 » 

Bq 137cs m~3 « 

Bq 137cs m"3 -

29.6-0.16 0/00 (1972) 

22.2+0.44 0/00 (1973) 

20.0+0.67 0/00 (1974) 

23.7+0.37 0/00 (1975) 

19.6+0.70 0/00 (1976) 
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Bq 137Cs m-3 = 15.2+1.00 o/oo (1977) 

Bq 137CS m-3 = -10.4+2.85 o/oo (1978) 

Bq 137Cs m~3 = -33.3+4.44 o/oo (1979) 

Bq 137Cs m-3 = - 9.1+3.26 o/oo (1980) 

The regression analysis showed significant or probably signifi­

cant regression in all years except in 1972. 

Table 4 .4 .S . Strantium-90, Cesium-137 and Cesium-134 in surface 
sea water co l lected by "Havørnen" in the North Sea in 1980 

Position Date 9 uSr 1 3 7Cs 1 3 4Cs S a l i n i t y 
N E Bq m - 3 Bq m~3 Bq m~3 o / o o 

55057' 0 3 ° 3 0 ' 5 /9 -1980 

55°13" 08O12' 26 /1 -1981 

55055- 0 5 ° 5 7 ' 5 27 /1 -1981 

-

20 

44 

210 

32 

250 

11.4 

1.3 A 

10.8 

35.1 

29.5 

34.5 

Table 4 .4 .6 . Strontium-90, Cesium-137 and Cesium-134 in 
surface sea water co l lec ted at di f ferent locations in 1980 

Location Date 90S r
 1 3 7Cs 13*Cs Sa l in i ty 

Bq m - 3 Eq m~3 Bq ra-3 0 / 0 0 

Listed, Bornholm 

Risø mole 

Rise I* 

•Cf. Fig. 4.6.2. 

19/8 

26/8 

July 36 

17.0 

25.2 

24.8 

B.D.L. 

B.D.L. 

B.D.L. 

8.8 

13.9 

According to the above regression lines, the mean levels in 

Danish surface waters (16 o/oo salinity) were estimated at 23 Bq 
90Sr m~3 and 43 Bq 137Cs m~3 in 1980. The corresponding levels in 

North Sea water (34 o/oo) were 26 and 102, respectively, and in 

Baltic water (9 o/oo) the equations gave 22 and 6.7, respective­

ly (cf. fig. 4.4.6). 

Figure 4.4.7 shows that the concentrations in 35 o/oo Danish sea 

water could be predicted from the discharges of 137Cs from Wind-

scale. 
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O 16%o (typical surface water) 
V 10%o (Baltic water) 

- 1 

1972 1974 1976 1978 1980 1982 1984 

Pig. 4.4.6. Cesium-137 in inner Danish waters of 3 different 

salinities (1972-1980). The values were calculated from the 

regression equations in 4.4. 
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Pig. 4.4.7. Cesiua-137 in 35 o/oo Danish sea water (Bu B ~ 3 ) 

during 1975-1980 related to the Windscale discharges of 137Cs 

(PBq y-1) 4 years earlier (1971-1976). 

4.5« Strontium-90 in soil collected in 1978 

As described in Risø-R-4031) p. 60 soil samples were collected in 

1978 at St. Jyndevad (cf. fig. 4.2) in two trenches, A and B, 

each approximately 4 m long, 1.5 m wide, and 2 m deep. We reported 

the 137Cs and 239,240Pu results earlier in Risø-R-403. Table 4.5 

presents the 90gr data from trench A. The 9°Sr levels were sur­

prisingly low both as compared with the 137Cs and 239,240pu con­

centrations, but also compared with earlier soil measurements at 

St. Jyndevad (cf. Risø Report No. 3451)). The 90Sr activity 

seems to have moved to greater depths than 137Cs and 239,240pu> 

which were not detected below 30 cm. The penetration may even be 

beyond 100 cm. This may explain that we found only 819*12 Bq 9&Sr 

m~2 (±i s.E., mean of A-| and A2) down to 1 m. This level corre­

sponds to 22.1 mCi km"2 and from our 137Cs determinations in 1978 

we would have expected: •[•ft5- = 57.8 mCi ^Sr km-2 wnere 1.6 

is the 137Cs/90Sr ratio in fallout. It is well known that the 

soil at St, Jyndevad is very sandy and this may explain the deep 

penetration of 9nSr at this location. 
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Table 4.5. Strontium-90 in soil samples collected in Jut* 197* 

a t S t . 

Depth 
in cm 

2 . 5 

5 

10 

15 

20 

25 

30 

40 

SO 

65 

80 

100 

Jyndevad 

Bq k c T 1 

1 .63 

0 . 9 3 

0 . 9 9 

1 .11 

0 . 9 3 

0 . 7 2 

0 . 3 0 

0 . 2 5 

0 . 2 0 

0 . 2 1 

0 . 1 3 2 

0 . 1 7 0 

A l 

Bq . - 2 c-" 1 

21 

21 

1 6 . 6 

20 

20 

1 4 . 8 

5 . 6 

4 . 8 

3 .8 

3 . 9 

2 . 1 

3 .0 

Bq 

1 .34 

0 . 9 6 

1.00 

0 . 9 6 

0 . 8 6 

0 . 7 0 

0 . 5 3 

0 . 2 3 

A 2 

M - l 

• 0 . 0 6 

• 0 . 0 4 

• 0 . 0 6 

1 0 . 0 6 

10 .02 

10 .01 

10 .07 

• 0 . 0 3 

0 . 1 7 2 1 0 . 0 0 9 

0 .181 

0.15C 

0 .172 

• 0 . 0 1 1 

t o . 0 0 7 

! ± 0 . 0 0 9 

Bq m - 2 c « " 1 

1 5 . 8 1 0 . 6 

1 8 . 6 1 0 . 8 

1 9 . 2 * 1 . 2 

1 8 . 6 1 1 . 1 

1 6 . 2 1 0 . 4 

1 2 . 4 1 0 . 2 

1 1 . 8 1 1 . 6 

4 . 1 10 .5 

3 . 8 1 0 . 2 

3 . 6 1 0 . 2 

3 . 6 1 0 . 2 

3 . 8 1 0 . 2 

4.6. Sediments 

4.6.1. Strontium-90 in sediments collected at Barseback and 

Rinqhals in 1979 

in order to determine the amount of fallout 90Sr present in 

sediments from inner Danish waters, we analysed the contents in 

two sediment cores collected in 1979 from location 48 at Barse­

back (cf. fig. 3.2.1.3) and location 2 at Ringhals (cf. fig. 

3.2.1.2). As expected21), the 90Sr levels were low in marine 

sediments: only 1-2% of the 137Cs content (cf. Risø-R-421 p. 39 

and p. 41). Hence we may disregard 90Sr in marine sediments. 

Table 4.6.1. Strontium-90 in sediments samples 

(depth: 0-9 cm) collected at Barsebick and 

Ringhals in 1979 

L o c a t i o n 

Barseback* 

Ringhals** 

48 

2 

Date 

7 / 4 - 1 9 7 9 

1 1 / 5 - 1 9 7 9 

Bq k g - 1 

0 . 1 3 0 

0 . 1 2 6 

Bq m - 2 

5 . 7 

1 1 . 2 

• Cf. Pig. 3.2.1. 

**Cf. Pig. 3.2.2. 
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4.6.2. Cesium-137 in sediments collected in Roskilde Fjord 

As a part of the environmental control around Risø National 

Laboratory« sediments are collected in Roskilde Fjord (cf. fig. 

4.6.2). The highest 137Cs concentrations as well as the highest 

depositions were found at location X: 820 Bq ra~2 (22 nCi m " 2 ) . 

The other five locations showed nearly the same deposition: 494*43 

Bq m~2 (1 S.D.). At stations I, III and IX: 50*5% of the total 
137Cs were in the 0-3 cm layer; at the other 3 locations: IV, V 

and X this layer contained only 28*51 of the total 137Cs suggest­

ing a more rapid sedimentation rate or a greater biotubation at 

these 3 locations than at the others. 

52'E 56'E 12°E VE 56E 12°E 

55°58'N 

' • ' • i . i . 1 . 1 

0 5000 m 
55°38'N 

Fig. 4.6.2. Roskilde fjord. 

The Kd value for "l^Cs in Roskilde Fjord sediments becomes 103 

(Bq kg"1 surface (0-3 cm) sediments/Bq l"1 sea water) (cf. Table 

4.4.6). 
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Table 4.6.2.1. Cesium-137 in sediment samples collected in 

Roskilde fjord, July 25, 1980. (Unit: Bq kg-1 dry) (HAPS) 

(Area 0.0145 m 2) 

Depth 
in cm 

0 -3 

3 -6 

6 -9 

9-12 

12-15 

15-18 

I 

26 

15.2 

4 . 8 

1.19 

I I I 

27 

15.0 

6 . 6 

2 . 7 

1 .2 A 

IV 

13.4 

9 . 8 

4 . 6 

2 . 3 

1.72 

1.06 A 

V 

11 .0 

5 . 4 

2 . 4 

2 . 5 

1.95 

IX 

36 

18.8 

4 . 6 

2 . 6 

0 . 9 

0.8« 

A 

B 

X 

38 

42 

32 

13.2 

5 . 2 

3 . 5 

•15-17 cm 

Table 4.6.2.2. Cesium-137 in sediment samples collected in 

Roskilde fjord, July 25, 1980. (Unit: Bq m - 2) (HAPS) 

(Area 0.0145 m2) 

Depth 
in cm 

0-3 

3-6 

6 -9 

9-12 

12-15 

15-18 

Z 

I 

300 

172 

55 

18.4 

550 

I I I 

250 

160 

52 

17.5 

9.2 A 

490 

I V 

128 

177 

98 

47 

31 

19.6 A 

500 

V 

145 

115 

64 

66 

43 

430 

I X 

220 

166 

58 

33 

12.6 

6.8» 

500 

A 

B 

X 

191 

300 

200 

82 

27 

18.9 

820 

•15-17 cm 
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5. DANISH FOOD AND VARIOUS VEGETATION 

by A. Aarkrog 

5 . 1 . Strontium-90 and Cesium-137 in dried milk from the 
ent i re country 

As in previous years, monthly samples of dried milk were c o l ­
lected from seven locat ions in Denmark (cf. f i g . 5 . 1 . 1 ) . Table 

57° N -

56°N 

10°E 12°E 

55°N -

57°N 

56°N 

55°N 

55°N 

10° E 12°E 15°E 
Fig. 5.1.1. Dried milk factories in Denmark. 
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5.1.1 shows the results of the 90Sr determinations and Table 

5.1.2 the analysis of variance of the results. As in recent years, 

the tie* variation was significant for Bq 90Sr (kg Ca) _ 1; the 

levels in the second quarter of the year were the highest. The Bq 
90Sr (kg Car 1 aean level in I960 was 106 Bq 90Sr (kg Cap 1, i.e. 

the saae as the 1979 wan. 

Table S.1.1. Strontiua-M in Danish dried Milk in 19*0. (Unit: Bq (kq Ca) - 1 ) 

Month Hjerrinq krhus Videbek Abenri Odense Rinqsted Lolland- dean 
Falster 
Hen 

Jan 

Feb 

March 

April 

Nay 

June 

July 

Auq 

Sept 

Oct 

Nov 

Dec 

13« 

1l» 

107 

112 

127 

123 

143 

12« 

132 

14« 

119 

»5 

12S 

114 

10711 

»4*1 

95 

117 

109 

103 

101 

'•35 

(120) 

(117) 

11123 

135 

120 

132 

1S2 

153 

12« 

105 

133 

142 

119 

15« 

113 

112 

145 

144 

115 

153 

1«0 

125 

104 

1«« 

159 

134 

»2*7 

74111 

72 

«4 

(•9) 

(•4) 

(•4) 

•4 

(78) 

9« 

101 

11« 

tl 

•7 

• 2110 

• 1 

90 

7« 

72 

7« 

59 

95 

(B7) 

79 

77 

«7 

«0 

«4 

99 

6111 

60 

67 

78 

77 

85 

79 

104 

102 

100 

99 

110 

109 

108 

98 

98 

123 | 

113 

111 

Mean 

Mean 
pCi (q C a r 1 

124 

3.4 

111 

3.0 

133 

3.6 

136 

3.7 

86 

2.3 

so 

2.2 

73 

2.0 

106 

2.9 

As 1 cubic Meter of Milk contains 1.2 kq Ca, the Mean *°5r content in Danish milk 

produced in 1980 was 127 Bq M ~ ' (3.4 pCi l" 1). Fiqures in brackets calculated from 

VAR3,2>. The error term is 1 S.E. of the Mean of double determinations. 

Table 5.1.2. Analysis of variance of In Bq 90Sr (kq Ca)~' in 

Danish dried Milk in 1980 (fro* Table 5.1.1) 

Variation SSD f s 2 v2 p 

Between Months 0.387 11 0.035 1.805 

Between locations 4.892 6 0.815 41.790 > 99.951 

Months n locations 1.151 59 0.020 1.359 

Remainder 0.101 7 0.014 
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As previously, milk from eastern Denmark showed significantly 

lower levels than that from Jutland. 

Table 5.1.3 shows the results of the 137Cs determinations and 

Table 5.1.4 the analysis of variance of the results. The *37Cs 

mean level in 1980 was 67 Bq 137Cs (kg K)~ 1, or 0.6 times the 

1979 level. 

Table 5.1.3. Cesium-137 in Danish dried milk in I960. (Unit: Bq (kq K)-') 

Month Hj««rrinq Arhus Virtebak Åbenrå Odense Kinqsted Lolland- (lean 
Falster 
Non 

Jan 

Peb 

March 

A p r i l 

May 

June 

J u l y 

Aug 

£ e p t 

Oct ~ | 

Nov > 

Dec J 

Mean* 

Mean* 
Bq (kg K ) - ' 

77 

107 

85 

84 

85 

134 

112 

111 

87 

63 

89 

2 . 

A 

A 

4 

97 

92 

84 

72 

70 

106 

100 

85 

158 

63 

88 

2 .4 

101 

89 

78 A 

96 

76 

117 

122 

133 

106 

73 

95 

2 .6 

55 

73 

76 

75 

61 

92 

110 

134 

121 

62 

02 

2.2 

39 A 

53 A 

71 

39 

(40) 

(59) 

(54) 

50 

(53) 

31 

46 

1.24 

40 A 

33 A 

47 A 

33 

33 

47 

34 

43 

31 A 

27 

35 

0 . 9 5 

35 

37 

37 

45 

38 

49 

39 

34 

34 

26 

36 

0 . 9 7 

63 

69 

68 

64 

58 

86 

82 

H5 

84 

49 

67 

1.81 

As 1 cubic meter contains approx. 1.66 kq K, the mean content in Danish milk produced in 

1980 was estimated at 111 Bq m"3 (3.0 nCi l" 1). Fiqures in brackets were calculated trom 

VAR312). 

'Weighted mean. 

Table 5.1.4. Analysis ot variance of In Bq 137Cs (kq K ) - 1 in 

Djnish d r i e d milk 

V a r i a t i o n 

Between months 

Between l o c a t i o n s 

Remainder 

in 1980 (f 

SCD 

2 .959 

14 .077 

1 .593 

rom Table 5 . 1 . 

f 

11 

6 

62 

8 2 

0 .269 

2 .346 

0 .026 

3) 

V2 

10 .470 

91 .331 

P 

> 99.95% 

> 99.95% 
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Fig. 5.1.2. Predicted (curve) and observed '^Sr/Ca levels in 

dried milk from the Islands (May 1962-April 1981). 
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dried milk from the Is lands (May 1962-April 1981). 
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Fig. 5.1.5. Predicted (curve) and observed '37cs/K levels in 

dried milk from Jutland (Hay 1962-April 1981). 
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Figures 5.1.2-5.1.5 show the 90Sr and 137Cs levels in dried milk 

compared with the predicted values (cf. Appendix C). The ob­

served 
90Sr 

levels in 1980 were 1.12 times the predicted, while 

the observed ^ 7Cs levels were 1.00 times the predicted ones 

(means of Jutland and the Islands). 

5.2. Fresh milk 

No samples in 1980. 

5.3. Strontium-90 and Cesium-137 in grain from the entire country 

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

experimental farms (cf. fig. 4.2). Strontium-90 was determined as 

previously (Risø Report No. 631), and 137cs was measured on ashed 

samples by Y-spectrometry on a Ge(Li) detector. 

Tables 5.3.1 and 5.3.2 show the measurements of 90gr in grain in 

1980. According to Appendix B, approximately 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 5.3.2 and in Tables 5.3.5 and 5.3.6 Jutland is represented by 

four rye samples and six wheat samples, while eastern renmark 

contributes nine wheat and three rye samples. Thus the means in 

Table 5.3.1 for wheat are higher than the production-weighted 

means for the country while the mean for rye is lower because the 

levels in Jutland are higher than those in East Denmark. Table 

5.3.4 gives the analysis of variance of the Bq 9°Sr (kg Ca)~1 

figures and Table 5.3.3 that of the Bq 90Sr kg-1 grain figures. 

Table 5.3.4 shows that the variations in Bq 90Sr (kg Ca)~1 be­

tween species and locations were significant. Oats showed the 

lowest Bq 90Sr (kg Ca)~1 levels. The Bq 90Sr kg"1 figures did 

not show any significant difference between species (cf. Table 

5.3.3). 
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Table 5.3.1. Strontium-90 in Danish grain in 1980. (Unit: Bq kg - 1) 

Tylstrup 

Ødum 

Askov 

Borris 

St. Jyndevad 

Funen 

Tystofte 

Ledreborg 

Abed 

Rønne 

Mean Bq kg-1 

Mean pCi kg'1 

Rye 
Winter 

0.70 

0.68 

1.28 

1.35 

0.30 

0.54 

0.32 

Rye: 0.74 

Rye: 20 

Barley 

Sprinq 

1.24 

0.65 

1.55 

1.38 

1.44 

0.64 

0.80 

0.73 

0.57 

0.70 

Barley: 

Barley: 

Winter 

1.07 

0.48 

0.73 

1.02 

0.59 

0.50 

0.68 

1.08 

0.88 

24 

Wheat 

Winter 

1.18 

0.72 

1.37 

1.72 

1.77 

0.54 

0.46 

0.72 

0.52 

0.38 

Wheat: 

Wheat: 

Sprinq 

0.57 

0.92 

0.93 

0.42 

0.26 

0.83 

22 

Oats 
Spring 

1.24 

0.72 

1.32 

1.02 

0.83 

0.88 

1.97 

0.62 

0.66 

Oats: 0.92 

Oats: 25 

Table 5.3.2. Strontium-90 in Danish qrain in 1980. (Unit: Bq (kq Ca)"1) 

Tylstrup 

Ødum 

Askov 

Borris 

St. Jyndevad 

Punen 

Tystofte 

Ledreborg 

Abed 

Rønne 

Mean Bq (kg Ca)" 1 

Rye 
Winter 

2600 

2700 

1810 

3400 

1090 

1320 

1060 

Rye: 2000 

Bar 

Sprinq 

3600 

1340 

2400 

3300 

3800 

1000 

1750 

1400 

1120 

1020 

Barley: 

lev 

Winter 

2000 

1160 

2000 

4200 

1730 

1310 

1730 

1950 

2050 

Wheat 

Winter 

3400 

1700 

2700 

4400 

4400 

1530 

1580 

2000 

1700 

1180 

Wheat: 

Sprinq 

1740 

1760 

1980 

920 

730 

2100 

Oats 
Spring 

1690 

820 

1810 

2700 

1030 

1120 

970 

720 

740 

Oats: 1290 

Mean pCi (g Ca) '1 Rye: 54 Barley: 55 Wheat: 57 Oats: 35 
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Table 5.3.3. Analysis of variance of In Bq 90Sr kg-1 in qrain 

in 1980 (from Table 5.3.1) 

variation SSD f s 2 v2 p 

Between species 1.026 3 0.342 3.526 > 95« 

Between locations 5.301 9 0.589 6.075 > 99.951 

Spec. * loc. 2.230 23 0.097 0.642 

Remainder 1.963 13 (1.151 

Table 5.3.4. Analysis of variance of In Bq 90Sr (kg Ca) _ 1 in 

grain in 1980 (from Table 5.3.2) 

Variation SSD f s 2 v2 p 

Between species 1.236 3 0.412 8.090 > 99.9% 

Between locations 7.505 9 0.834 16.378 > 99.95% 

Spec, x loc. 1.171 23 0.051 0.433 

Remainder 1.529 13 0.118 

As in previous years, the variation with location was highly 

significant; the mean pCi 9°Sr kg-1 level for grain from Jutland 

was 1.7 times that in eastern Denmark. The observed pCi 90gr kg~1 

levels in grain from 1980 were 1.58*0.51 (1 S.D.) times those 

predicted (cf. Appendix C). 

Tables 5.3.5 and 5.3.6 show the measurements of 137Cs in grain in 

1980. The 13?Cs mean level in grain from 1̂ 80 was 0.76 times the 

level in 1979. The fallout in May-August 1980 was 0.73 times that 

of the fallout in May-August 1979. 

The ANOVA's (Tables 5.3.7 and 5.3.8) showed significant variation 

between species (rye > the other species) and between locations 

(Jutland * 1.54 * The Islands). 

The observed pCi !37Cs kg"1 levels in grain from 1980 were 1.30* 

0.28 (1 S.D.) times those predicted (cf. Appendix C). 
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'Table 5.3.5. Cesiua-137 in Danish qrain in 1980. (Unit: Bq kg"1) 

T y l s t r u p 

ødua 

Askov 

tBorris 

S t . Jyndevad 

Funen 

T y s t o f t e 

Ledreborg 

Abed 

Renne 

Mean Bq k g - ' 

Mean pCi k g - ' 

Rye 
Winter 

0 . 2 5 

0 . 3 9 

0 . 3 3 

0 . 5 0 

0 . 2 4 

0 . 3 4 

0 . 2 8 

Rye: 0 . 3 3 

Rye: 8 . 9 

Bar ley 

Sprinq 

0 .188 

0 . 1 9 7 

0 . 4 8 

0 . 3 2 

0 . 2 3 

0 . 2 4 

0 . 1 7 5 

0 . 2 4 

0 .198 

0 .31 

B a r l e y : 

B a r l e y : 

• ( in ter 

0 . 3 5 

0 . 2 5 

0 . 3 0 

0 . 3 0 

0 . 3 8 

0 . 1 5 4 

0 . 2 6 

0 .191 

0 . 2 6 

7 . 0 

Wheat 

Winter 

0 . 2 4 

0 . 2 9 

0 . 4 4 

0 . 2 5 

0 . 2 9 

0 . 2 4 

0 .120 

0 . 1 7 4 

0 .177 

0 .175 

Wheat: 

Wheat: 

Spring 

0 .41 

0 .137 A 

0 .181 

0 .20 

0 .138 

0 . 2 3 

6 .2 

Oats 
Sprinq 

0 . 2 2 

0 . 2 6 

0 . 7 0 

0 . 3 0 

0 . 3 7 

0 .21 

0 . 2 5 

0 . 1 4 4 

0 . 1 6 4 

O a t s : 0 . 2 9 

O a t s : 7 . 8 

Table 5.3.6. Cesium-137 in Danish grain in 1980. (Unit: Bq (kg K)" 1 ) 

Rye 
Winter 

Barley 

Sprinq Winter 

Wheat 

Winter Spring 

Oats 
Spring 

Tylstrup 

Ødum 

Askov 

Borris 

St. Jyndevad 

Funen 

Tystofte 

Ledreborg 

Abed 

Renne 

63 

96 

82 

87 

53 

76 

55 

35 64 

44 66 

121 78 

77 68 

56 81 

51 

36 47 

52 66 

48 

44 31 

50 

58 

ICO 

61 

67 

55 

36 

40 

43 

40 

Wheat 

98 

29 

46 

49 

37 

s 54 

51 

56 

152 

87 

89 

58 

60 

41 

40 

Mean Bq (kg K)" 1 Rye: 73 Barley: 59 Oats: 71 

Mean pCi (g K)' 1 Rye: 1.97 Barley: 1.60 Wheat: 1.46 Oats: 1.91 
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Table 5.3.7. Analysis of variance of In Bq 1'7Cs kq-1 in 

qrain in 1480 (from Table 5.3.5) 

Variation SSD f s2 v2 P 

Between species 

Between locations 

Spec, M loc. 

Remainder 

0.506 

3.782 

1.229 

0.749 

3 

9 

23 

13 

0.169 

0.420 

0.053 

0.053 

3.155 

7.865 

0.927 

> 95% 

> 99.95% 

-

Table 5.3.8. Analysis of variance of In Bq 1'7Cs (kq K)~' in 

qrain in 1980 (from Table 5.3.6) 

Variation SSD f s2 v2 P 

Between species 

Between locations 

Spec. * loc. 

Remainder 

0.512 

4.133 

0.619 

0.717 

3 

9 

23 

13 

0.171 

0.459 

0.027 

0.055 

6.352 

17.077 

0.487 

> 99.5% 

> 99.95% 

-

5.4. Strontium-90 and Cesium-137 in bread from the entire country 

In 1980, samples of white bread (75% extraction) and dark rye 

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

fig. 5.4) in June, and 9nSr and 137Cs were determined on pooled 

samples except ^3?Cs in rye bread, which was determined on each 

zone separately. The 137Cs determinations were carried out on the 

ash by Ge y-spectroscopy. 

Table 5.4.1 shows the resul'-?. It is assumed that 1 kg flour 

yields approximately 1.35 kg bread11) and that wheat flour of 75% 

extraction contains 20% of the 90Sr and 50% of the 137Cs found in 

wheat grain1), while rye flour is 100% extraction. Hence we can 

compare the 1980 bread levels with the 1979 grain levels (cf. 

Table 5.4.2). The above assumptions for transfer of 137Cs from 

grain to bread seem justified, however, the transfer of 9&Sr from 

wheat to white bread may be underestimated. This has in fact been 

envisaged in Risø-R-437 p. 8621) where it is predicted that the 

transfer will increase from 20 to 33%. 
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10°E 12°E 

10° E 12°E 15°E 

Pig. 5.4. Sample locations for bread and total diet. 
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TlM* i . 4 . 1 . Strofltius-Wl and Caai.ij**l)7 in &*ni«h br*ad co l lected in June t»BO 

White brud 

I : N. Jutland 

I I : • . Jutland 

I I I : M. Jutland 

IV: S. Jutland 

V: Fuiwn 

VI: Zealand 

VII: LolLand-ralatar 

VIII; Bornhola 

Bq »°Sr h«"1 Bq*>sr 
(Hg r*'" 

Bq , J 'Ca fe<jT 

0.5v 

O.JJ 

0.42 

0.27 

0.27 

0.31 

0.34 

0.24 

Q.i3 

Bq ' " c , 
f b q V l " l 

Bq « S r k q " 1 k , » ° S r » I ' * T C » H^*1 Bq ' * 7 C « 
( h a r * > - 1 ( k ? * ) " ' 

0 . 1 * 1 B2 0 . 1 2 1 77 

1 7 . 7 pCi K 9 ' 1 S . t . pCl ttf Ca 1 * ' 9 . 0 pCi h g " 4 . J pCi i t ^ - ' 2 . 1 pCi («j Cm)'* 2 . 7 pCi k g - 1 1 .84 pCi ( g * > ' 

• e p u l a t i o i f 
w e i a h t a d sad 

Table 5.4.2, A comparison between 50Sr and 13^Cs levels in bread and 

qrain 1980 

Nuclide 

90Sr 

137Cs 

Species 

Wheat 

Rye 

Wheat 

Rye 

Bread activity 
in June 1980 
calculated as 
qr 'n in Bq kq~1 

(cf. text) 

1.07 

0.89 

0.27 

0.45 

Activity in 
qrain from 
harvest 1979 
Bq kq"1 

0.72 

0.75 

0.29 

0.45 

1) 

"Bread Vqra in 
ratio 

1.5 

1.2 

0.9 

1.0 

5.5. Strontium-90 and Cesium-137 in potatoes from the entire 

country 

The samples of potatoes were collected in September from ten of 

the State experimental farms (cf. fig. 4.2) and analysed for 90gr 

and 137Cs ("r-spectroscopy of bulked samples of the ash). 

Table 5.5.1 shows the 90Sr and 137Cs contents in potatoes. The 

mean contents for the country were 0.084 Bq 90gr kg~1, or 1730 Bq 

90sr (kg Ca)"1, and 0.077 Bq 13?Cs kg-,1 or 18.5 Bq 137Cs <k9 K>~1' 

The levels were nearly equal to those in i979. 
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Table 5 . S . l . S t r o n t i u « - 9 0 and Cesium-137 in Danish p o t a t o e s in 1980 

Bq 9 0 S r k g - 1 Bq *°Sr {kg C a ) _ 1 Bq 1 J 7 C s k g - 1 St) t J 7 C s {kg K>_ 1 

T y l s t r u p 

B o r r i s 

ødun 

Askov 

S t . Jyndevad 

Funen 

T y s t o f t e 

Ledreborg 

Abed 

Rønne 

0 . 0 7 8 1 0 . 0 1 0 

0 . 0 9 6 1 0 . 0 0 5 

0 . 1 2 3 1 0 . 0 1 3 

0 .181 

0 . 0 5 4 ± 0 . 0 0 1 

0 . 1 1 0 1 0 . 0 0 1 

0 . 0 4 3 1 0 . 0 0 1 

0 . 0 3 5 1 0 . 0 0 1 

0 . 0 4 7 1 0 . 0 0 1 

0 . 0 6 1 1 0 . 0 0 2 

20701330 

23201 

15001 

5210 

17501 

19201 

5901 

6501 

4701 

11701 

70 

40 

90 

10 

30 

10 

10 

20 

• 

-
-* 

-< 

0.127 

0.027 

31 

Mean 0.083 1770 0.077 18.5 

Hean 2 . 2 pCi k g - 1 48 pCi (g C a ) _ 1 2 . 1 pCi k q - 1 0 . 5 0 pCi (g K)' 

The e r r o r term i s 1 S . E . of the mean of double d e t e r m i n a t i o n s . 

The mean ratio between observed and predicted 90Sr concentrations 

in potatoes was 0.77 and for 137Cs we found 0.76 (cf. Appendix C), 

5.6. Strontium-90 and Cesium-137 in vegetables and fruit from the 

entire country 

In 1980/ as in previous years, vegetables and fruit were collected 

in the autumn from eight larger provincial towns, one in each of 

the eight zones (cf. fig. 5.4). 

The Y-measurements were performed on bulked ash samples represent­

ing the entire country (cf. Table 5.6.2). 

Table 5.6.3 shows a calculation of the mean contents of ^Sr and 

137cs in Danish vegetables collected in 1980. The levels are the 

population-weighted means and are similar to those in 1979 and 

1978 suggesting that most of the activity in veqetables depends 

upon the accumulated activity in the soil. 
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T e a l « 5 . 4 . 1 . S t r e a t i a a - M i n i t y u k l i s aad f r u i t s c o l l e c t e d i n Sapteafcer I M O 

Carrot ApplCS 

M I k a " 1 Sa. «ke C«) - 1 ae k « - * H I ( k a C * ) ' nq k a - 1 aq ( k « Ce)" 

I : Martn Jut land 

I I : Kast Ju t land 

I I I : larst Jut land 

IV: Sauth Jut land 

V: runen 

VI: Sealand 

O.SO 740 

4 . 9 9 * 0 . 1 1 2420*310 

0 . 5 9 * 0 . 0 4 1140S «0 

0 -10 S40 

0 . 1 4 * 0 . 0 2 S70» 20 

0 . 1 9 * 0 . 0 2 4 4 0 * «0 

V I I : L a l l a n d - T a U t c r 0 . 2 ] 410 

V I I I : • • i n k e l a i 0 . 4 4 : 0 . 0 7 as« t114 

0 . 4 4 * 0 . 0 1 

0 . 4 1 

0 . 7 1 * 0 . 0 1 

0 . 4 4 

0 - 5 * * 0 . 0 5 

0 . 1 0 * 0 . 1 1 

0 . 1 « 

0 . 4 1 

1940!140 

•SO 

2 M 9 i 1 2 0 

2100 

2010 (270 

920 »140 

S10 

11901 SO 

0 . 0 4 4 

0 .040 

0 .035 

0 .000 

0 .018 

0 . 0 2 1 

0 . 0 2 7 

0 . 0 4 1 

1*10 

1440 

940 

120 

400 

510 

490 

N O 

0 . 4 4 »50 0 . 4 9 1S90 

12 .0 pCi k a - 1 2« SU 11 .2 pCi k a * 1 4 1 SU 

0.014 • 4 0 

0 . 9 1 pCi k « _ T 2 1 SU 

0 . 2 4 * 0 . 0 1 400* 40 0 . 2 7 * 0 . 0 1 9 0 0 1 10 0.045 1090 

• o p u l a t i a a -

f C i a t t t e d aaa 0 .45 0 .41 1420 0 . 0 4 4 1000 

T h * a r r e r t a r a i s 1 S . C . o f d o u b l * d e t e r m i n a t i o n s . 

T a b t « S . 4 . 2 . C a s i u a - 1 1 7 i n Danish u e e s t a b l e s and f r u i t s i n Sapteafcer I M O 

J u t l a n d 

The I s l a n d s 

Mean 

Mean 

• o a u l a t i o n -
M t l e h t e d aean 

Cabaeee 

• q k « - 1 

0 . 2 5 

0 . 0 2 0 

0 . 1 3 4 

3 . 4 pCi k « " 1 

0 . 1 2 4 

n , | k « * ) " • 

104 

M 

1.« M.V. 

S I 

c a r r o t 

• q k o " 1 

O.040 

0 . 0 4 0 

0 . 0 5 0 

1.3S pCi k a " 1 

0 . 0 4 9 

» I 

1 

( k a « . ) " • 

24 

19 

22 

9 . « H . U . 

21 

a p p l e s 

• S k o " ' 

0 . 0 5 3 

0 . 0 3 7 

0 . 0 4 5 

1 .2 pCi k a ' 1 

0 . 0 4 4 

•q <k« * . ) " ' 

45 

30 

38 

1.0 M .U . 

37 



- 76 -

Table 5 . 6 . 3 . C a l c u l a t e d 9 0 S r and 1 3 7 C s mean l e v e l s in v e q e t a b l e s in 1980 

D a i l y in take Bq 9 0 S r k q _ 1 Bq 9 0 S r (kq C a ) _ 1 Bq 1 3 7 C s kq"1 Bq 1 3 7 Cs (kq K)-1 
in q 

50 l e a f v e q e t a b l e s 
(cabbaqe) 0 . 4 5 980 0 .124 53 

30 root v e g e t a b l e s 
( c a r r o t ) 0 . 4 3 1420 0.O49 21 

40 pea (1977 data) 0.13 440 0.O59 4 

120 0.34 910 0.084 29 

The 1979 levels in Danish fruit were calculated fror> apples and 

the mean levels in Danish fruit were thus 0.044 3q 9^Sr kg-1 and 

0.044 Bq 137Cs kg-1. The observed Bq 90Sr kg-1 levels in veg­

etables and fruit in 1980 were 1.46±0.46 (1 S.O.) times those 

predicted (cf. Appendix C). in the case of 137cSr the observed 

values were 1.42 times the predicted ones. 

5.7. Strontium-90 and Cesiu^-137 in total diet from the entire 

country 

In 1980 total-food samples representing an average Danish diet 

according to E. Hoff-Jørgensen (cf. Appendix B in Risø Report No. 

63^)) were collected from eight towns each representing one of 

the eight zones (cf. fig. 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 results. The diet levels from Jut­

land were 29% higher than those from the Islands. 

Figure 5.7.1 show the zone mean Bq 90Sr (kg Ca)"1 levels (not 

population-weighted) in total diet compared with the predicted 

values (cf. Appendix C), the observed value was 0.92 times that 

predicted. 

The 90Sr 1980 levels (June and December values) in the total diet 

were nearly equal to the 1979 levels, and the 137Cs levels were 

approximately 18% lower. 
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Table S.7.1. Strontium-90 and Cesium-137 in Danish total diet collected in June 1980 

lone Bq 90Sr (kg C a ) - 1 Bq »°Sr d_1 q Ca d-' Bq '37Cs (kg K)" 1 Bq ' 3 7Cs d"1 

I : 

I I : 

I I I : 

IV: 

V: 

VI ! 

V I I : 

V I I I : 

N. J u t l a n d 

E. J u t l a n d 

W. J u t l a n d 

S . J u t l a n d 

Funen 

Zealand 

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

Bornholm 

230* 7 

217*13 

165*10 

145813 

179t 5 

122* 2 

113« 3 

156t S 

0 . 3 7 * 0 . 0 1 

0 . 3 6 * 0 . 0 2 

0 . 2 7 * 0 . 0 2 

0 . 2 4 * 0 . 0 3 

0 . 2 8 * 0 . 0 1 

0 . 2 2 * 0 . 0 1 

0 .21 t o . 0 0 

0 . 2 5 * 0 . 0 1 

1 .61 

1 .64 

1 .62 

1 .69 

1 .57 

1 .82 

1 .81 

1 .62 

97 

90 

101 

73 

77 

120 

62 

58 

0.37 

0.32 

0.38 

0.28 

0.28 

0.47 

0.25 

0.22 

Mean 

Mean 

Copenhagen 

P o p u l a t i o n -
we ighted mean 

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

The e r r o r term 

due 

i s 1 S. • E . o f 

166 0 . 2 8 1 .67 

4 . 4 8 S .U. 7 . 4 pCi d _ 1 

155* 1 0 . 2 6 * 0 . 0 2 1 .65 

170 0 . 2 8 1 .67 

7% 9% 

the mean of d o u b l e d e t e r m i n a t i o n s . 

85 

2 . 3 M.U. 

80 

92 

0 . 3 2 

8 . 7 pCi d _ 1 

0 . 3 2 

0 . 3 5 

Table 5.7.2. Strontium-90 and Cesium-137 in Danish total diet collected in December 1980 

Zone Bq 90Sr (kg Ca)" 1 Bq 90Sr d" Ca d"1 Bq ,37Cs (kg * ) " ' Bq ,37Cs d" 

I : 

I I : 

I I I : 

IV: 

V: 

VI: 

VII: 

V I I I : 

N. Jut land 

E. Jut land 

W. Jutland 

S . Jut land 

runen 

Zealand 

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

Bornholm 

167*2 

158*8 

162*2 

158*8 

126*6 

124*2 

129±5 

137*5 

0 .26*0 .01 

0 .22*0 .01 

0 .27*0 .01 

0 .27*0 .01 

0 .22*0 .02 

0 .20*0 .00 

0 .23*0 .00 

0 .22*0 .02 

1.54 

1.42 

1.66 

1.70 

1.67 

1.62 

1.77 

1.62 

74 

77 

92 

84 

65 

74 

70 

70 

0 .27 

0 .29 

0 .34 

0 . 3 2 

0 .24 

0 .28 

0 .27 

0 .26 

Mean 

Mean 

Copenhagen 

145 

3 .92 S.U. 

153*3 

0.24 

6 . 4 pCi d"1 

0 .26*0 .00 

1.62 

1.72 

76 

2 .05 M.U. 

101 

0 .28 

7 .6 pCi d"1 

0.37 

Population-
weighted mean 149 0.24 1.63 84 0.31 

Relative error due 
to analysis 5« 7% 

The error term is 1 S.E. of the mean of double determinations. 
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Fig. 5.7.1. Predicted and observed 90Sr levels in the Danish total 

diet. The dotted curve represents the predicted values for "Diet C" 

(cf. Tables 5.7.1 and 5.7,2) and the circles are the corresponding 

observed values. The unbroken curve represents the predicted values 

tor "Diet P" tcf. Table 5.9.3), and the triangles the corresponding 

observed values. 
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Prom the total-diet sampling it is possible to estimate the mean 

levels ot 90Sr and 137Cs in the Danish diet in 1980. For the 

period January-March 1980, the 90Sr level in the total diet is 

assumed to have been equal to that measured in December 1979, 

Risø Report No. 421*1). For the period April-September we assume 

the level to have corresponded to that measured in June 1980. 

The December 1980 figures are taken to represent the last three 

months of the year. Hence the mean content in the total diet in 

1980 was 157 Bq 9°Sr ( k g Ca)"
1, or 0.26 Bq 90Sr (day)~1. 

Similarly, the 137Cs content in the Danish diet in 1980 was esti­

mated to be 0.37 Bq 137Cs (day)"1 or 91 Bq 137Cs (kg K ) _ 1 . The 

observed ^37Cs fallout level in total diet was 1.20 times that 

predicted (cf. Appendix C.2) (corrected for 137Cs from Windscale 

cf. 5.8.2). 

5.8. Strontium-90 and Cesium-137 in miscellaneous foodstuffs 

5.8.1. Strontium-90 and Cesium-137 in meat 

Pork and beef samples were collected in Copenhagen in three large 

shops in March and September. Table 5.8.1 shows the results. As 

compared with 1979, the mean 137Cs levels were a little lower in 

1980. 

The mean ratio between observed and predicted (cf. Appendix C.2) 

137Cs levels in meat was 1.36. As observed values we used those 

from September 1980 and March 1981, as the meat models cover the 

period April(^)-March(i+ij. 

Table 5.8.1. Strontiua-90 and Cesium-137 in Danish meat collected in Copenhagen in 1980 

Month 

March 

Sept 

Mean 

Bq 90Sr 

Kg-1 

0.012 

0.006 

0.009 

Pork 

Bq 9°Sr 
(kg Cat"1 

260 

80 

170 

Bq 1*7C» 
kg"' 

0.82 

0.52 

0.67 

Bq 13'CS 
(kg K)"1 

220 

140 

180 

Bq 90Sr 

kg"' 

0.012 

0.020 

0.016 

Beef 

90 
Bq Sr 
(kg Ca)"1 

140 

270 

205 

137 
Bq C« 

kg"1 

0.37 

0.40 

0.38 

137 
Bq Cl 
(kg K)-' 

100 

90 

95 

Mean 0.24 pCi kg'1 4.6 S.U. 18 pCi kg"1 4.9 M.U. 0.43 pCi kg*1 5.5 8.U. 10.4 pCi kg"1 2.6 M.U. 
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5.8.2. Strontium-90 and Cesium-137 in fish 

Fish samples were collected in the North Sea and in inner Danish 

waters. Tables 5.8.2.1 and 5.8.2.2 show the results. The mean 

levels of the two samplings were 0.028 Bq 90Sr kg-1 and 4.55 Bq 
137Cs kg"1 (0.75 pCi 90Sr kg-1 and 123 pCi 137Cs kg - 1). In the 

fish from the North Sea the 134Cs/137Cs mean ratio was 0.046 

while it was 0.032 for fish from inner Danish waters. 

Table 5 . 8 . 3 . 1 . Strontium-90, Cesium-137 and Cesium-134 in f i sh meat from the North Sea 
purchased in Esbjerg in September 1980 

Species 

Cod 

Plaice 

Bq 

Bone leve ls 

»°sr kg"1 

0.030 

0.013 

are shown 

Bq 9 0Sr (kg C a r ' 

30 (27) 

20 (15) 

in brackets. 

Bq 1 3 7 Cs k g - 1 

8.30 

1.22 

Bq , 3 7 Cs (kg K ) _ 1 

U 7 0 

32U 

134C 5 /137C S 

0.044 

0.048 

Table 5 . 8 . 2 . 2 . Strontium-90, Cesium-137 and Cesium-134 in f ish meat from inner Danish 
waters purchased in Hundested in September 1980 

Species 

Cod 

Plaice 

Herring 

Bq 

Bone leve ls 

9«Sr kg" ' 

0.055 

0.033 

0.007 

are shown 

Bq 9 0Sr (kg C a ) _ 1 

55 (40) 

30 (20) 

2U (11) 

in brackets. 

Bq 137C s k < r 1 

4.34 

5.21 

3.66 

Bq 1 3 7Cs (kg K ) - 1 

960 

1150 

1260 

134 C s / 137 C s 

0.017 

0.038 

0.041 

The ratio: 134Cs/137Cs in North Sea water was 0.047 (cf. 4.4) in 

1980, i.e. the same as found in fish. From inner Danish waters 

the ratio: 134Cs/l37Cs in fish was approximately 70% of that in 

fish from the North Sea, where approximately 5% of the ^37Cs 

results from fallout (Risø-R-421 p. 63-641))« in other words, 

nearly all radiocesium in water and fish from the North Sea in 

1980 was of Windscale origin. In the inner Danish waters we es­

timate that 70% of the 137Cs was due to Windscale. As most fish 

are caught in the North Sea our best estimate of the Windscale 

contribution to 137Cs in Danish fish in 1980 is 90% (~ 4.1 Bq 

kg"1). 
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Garpikes migrate every spring from the waters around Britain to 

Danish inner waters. Blis Holm (University of Lund) got the idea 

that garpike thus may transport 137cs from Windscale to the Baltic 

area more directly than other fish and therefore contain relative­

ly more radiocesium. Table 5.8.2.3 shows that flesh of garpike 

had indeed a 137ce concentration four times higher than other 

fish. The ratios: 134Cs/137cs were a little higher in garpike 

than in North Sea water. Both observations suggest a short cir­

cuit of the transport of radiocesium from Windscale to Danish 

waters. Table 5.8.2.3, furthermore, shows that there was no sys­

tematic difference between the radiocesium concentrations in 

Tablt 5.8.2.3. Strontium-90, Cesium-137 and Cesium-134 in garpike caught in the Cattegat in May 1980 

Sampl« Data Bq *°Sr kg'1 Bq 90Sr (kg Ca)"1 Bo 137Cs kg-1 Bq '37Cs (kg K ) _ 1 
134 137 

Cs/ Cs 

Flesh nay 6 

Roe 

Bone (head) 

Bone (back > " 

Flesh (large) May 16 

Flesh (small) 

Roe 

Flesh (4 yr) May 29 
(small) 

Flesh (5 yr) 
(large) 

0.032 

bone: 1 3 

25 

22.9 

9.6 

2.5 

2.6 

21.6 

16.9 

11.0 

16.8 

4400 

2700 

4200 

3300 

3900 

4000 

2900 

3400 

0.056 

0.073 

-

-

0.049 

0.060 

0.055 

0.059 

13.2 2900 0.047 

Flesh mean H S.D. 18.2J3.9 37001600 0.05410.006 

large (5-yr-old) and small (4-yr-old) garpike*). Roe as well as 

bones contained apparently lower 13?Cs concentrations than flesh. 

There was a tendency for radiocesium concentrations to decline in 

the flesh from the beginning of May to the end of the month. This 

was probably due to the dilution from the stay of the garpike in 

the less-contaminated Danish waters. It should, furthermore, be 

noticed that the 90sr levels in garpike did not differ from those 

in other fish. 

*)The age determinations were kindly performed by Jørgen Dalskov 

(Danmarks Fiskeri og Havundersøgelser). 
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5.8.3. Strontium-90 and Cesium-137 in various animal foods 

Eggs and chicken were collected in Copenhagen and Roskilde in 

1980. As compared with the corresponding sampling in 1979, the 

levels were lower in 1980. 

Table 5.8.3. Strontium-90 and Cesium-137 in eggs from Copenhagen and chickens from 

Roskilde in September 1980 

Sampli Bq 9°Sr kg-1 ^ 90Sr (kg Ca)"1 Bq 137Cs kg"
1 Bq 137Cs (kg K)_1 

Eggs 0.014 24 0.028 21 

Chicken meat 0.006 33 0.13 54 

Chicken bone 54 

5.8.4. Strontium-90 and Cesium-137 in various vegetable foods 

As compared with the correspondinq samplinq in 1978 the 90gr and 

137cs levels in coffee and tea had decreased by 40% and approxi­

mately 10%, respectively; the 9uSr levels in orange and banana 

were lower in 1980 by a factor of approximately two. 

Table 5.8.4. Strontium-90 and Cesium-137 in imported vegetable products collected in 

Copenhagen in December 1980 

Sample Bq 9°Sr kq_1 Bq 90Sr (kg Car1 Bq 137Cs kg-1 Bq 137Cs (kg K)"1 

Coffee (as drunk) 0.43 660 0.81 50 

Tea (as drunk) 1.12 5200 5.0 350 

Orange 0.10 300 B.D.L. 

Banana 0.019 6200 B.D.L. 

Rice 0.011 20 0.031 30 

Hazelnuts (Danish) 0.35 530 0.38 70 

Oats (Danish) 0.86 250 0.42 94 

5.9. Estimate of the mean contents of 90Sr and ^37Cs in the 

human diet in Denmark in 1980 

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 D ) . 
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5.9.2. Milk and cream 

The 9°Sr and 137Cs contents per kg milk were calculated from the 

annual mean values for dried milk (cf. Tables 5.1.1 and 5.1.3). 

1 kg ~ 1 1 milk, containing approximately 1.2 g Ca and 1.66 g K. 

Hence the mean contents in milk were 0.127 Bq 90Sr kg-1 and 0.111 

Bq 137Cs kg"1. 

5.9.3. Cheese 

One kg of cheese contains approximately 8.5 g Ca and 1.2 g K. The 
90Sr and 137Cs contents in cheese were calculated from these 

figures and from the 90Sr/Ca and 137Cs/K ratios in dried milk 

{cf. Tables 5.1.1 and 5.1.3). One kg of cheese appeared to con­

tain 0.90 Bq 90sr and 0.080 Bq
 137cs. 

5.9.4. Grain products 

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

spectively, in grain products consumed in 1980. From these tables, 

the activity levels in grain products were estimated at 0.38 Bq 
90Sr kg"1 and 0.24 Bq 137Cs kg-1. 

5.9.5. Potatoes 

The figures in Table 5.5.1 were used, i.e. 0.083 Bq 90Sr kg-1 and 

0.077 Bq 137Cs kg~1. 

Table 5.9.1. Estimate of the 90Sr content in qrain products consumed per caput 

in 1980 

Type 

Rye flour 
60% extraction 

Wheat flour 
75% extraction 

Grits 

Fraction 

kg flour 

21.9 

32.9 

5.5 

from harvest 

Bq kg-1 

0.74 

0.15 

0.30 

1979 

Bq 

16.22 

4,87 

1.63 

Fraction 

kg flour 

7.3 

10.9 

1.8 

from harvest 1980 

Bq kg-1 

0.74 

0.17 

0.31 

Bq 

5.40 

1 .81 

0.55 

Total 
Bq 

21.62 

6.68 

2.18 

Total 60.3 0.38 22.72 20.0 0.39 7.76 30.48 
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Table S .9 .2 . Estimate of the 1 3 7Cs content in grain products consumed per caput 

in 1980 

Type 

Rye flour 
100% extraction 

Wheat flour 
75* extraction 

Grits 

Fraction 

kg flour 

21.9 

32.9 

5.5 

from harvest 

Bq kg"1 

0.45 

0.14 

0.16 

1979 

Bq 

9.90 

4.75 

0.88 

Fraction 

kq flour 

7.3 

10.9 

1.8 

from harvest 1980 

Bq kg"1 

0.33 

0.12 

0.13 

Bq 

2.41 

1.25 

0.23 

Total 
Bq 

12.31 

6.00 

1.11 

Total 60.3 0.26 15.53 20.0 0.19 3.89 19.42 

5 . 9 . 6 . Vegetables 
Table 5.6.3 shows the calculation of 9USr and 137Cs in Danish 

vegetables consumed in 1960. The mean contents were 0.34 Bq 9^Sr 

kg"1 and 0.084 Bq 137Cs kg-1. 

5.9.7. Fruit 

The levels in imported fruit in 1980 are assumed to be equal to 

the mean levels found in oranges and bananas collected in Copen­

hagen in 1980, i.e. 0.06 Bq 90Sr kg-1 and 0 Bq 137Cs kg-1. The 

mean levels in Danish fruit (apples) in 1980 were 0.044 Bq 90Sr 

kg"1 and 0.044 Bq 137Cs kg-1 (cf. 5.6). The daily mean consump­

tion of fruit consisted of 100 g of Danish and 40 g of foreign 

origin. Hence the mean contents in fruit were 0.05 Bq 9^Sr kg-1 

and 0.03 Bq 137Cs kg-1. 

5.9.8. Meat 

The annual mean values of 9ngr and
 137Cs in meat were calculated 

from Table 5.8.1: 0.011 Bq 90Sr kg-1 and 0.57 Bq 1 37Cs kg"1. (In 

a Danish diet meat comprises 2/3 pork and 1/3 beef). 

5.9.9. Fish 

The 9nSr and 1 37Cs contents in fish are estimated from 5.8.2 at 

0.028 Bq 90Sr kg"1 and 4.55 Bq 137Cs kg"1. 
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5.9.10. Eggs 

The contents of activity in eggs were estimated from 5.3.3. The 

levels were 0.014 Bq 90Sr kq"1 and 0.028 Bq 137Cs kg-1. 

5.9.11. Coffee and tea 

One third of the total consumption consists of tea and two thirds 

of coffee. The mean contents were in 1980 0.66 Bq 90Sr kq"1 and 

2.21 Bq 137cs kg-1 and these fiqures were used. 

5.9.12. Drinking water 

The 90gr level (population-weighted mean) found in drinkinq water 

collected in April 1979^ was used c's the mean level for drinking 

water, i.e. 0.0007 Bq 90Sr kg"1. The 137Cs content in drinking wa­

ter is assumed to be negligible. 

Table 5.9.3. Estimate of the mean content of 90Sr in the huii 

diet in 1980 

Type of food 

Milk and cream 

Cheese 

Grain products 

Potatoes 

Vegetables 

Fruit 

Meat 

Eqgs 

Fish 

Coffee and tea 

Drinking water 

Total 

Annual 
quantity 
in kq 

164.0 

9.1 

80.3 

73.0 

43.8 

51 .1 

54.7 

10.9 

10.9 

5.5 

548 

Bq 9°Sr 
per kg 

0.127 

0.90 

0.38 

0.083 

0.34 

0.05 

0.011 

0.014 

0.028 

0.66 

0.0007 

Total 
Bq 9°Sr 

20.83 

8.19 

30.48 

6.06 

14.89 

2.56 

0.60 

0.15 

0.31 

3.63 

0.38 

88.08 

Percentage of total 
Bq 90Sr in food 

23.6 

9.3 

34.6 

6.9 

16.9 

2.9 

0.7 

0.? 

0.4 

4.1 

0.4 

The mean Ca intake was estimated at 0.62 kq y~1 (approx. 0.2-

0.25 kg creta praeparata). Hence the 90Sr/Ca ratio in total 

diet was 142 Bq 90Sr (kq Ca)"1 (3.8 S.U.I in 1980. 
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5.9.13. Discussion 

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

the Danish diet in 1980. The fiqures should be compared with the 

levels calculated from the total-diet samples (cf. 5.7). The ^Sr 

estimates obtained by the two methods (cf. also fig. 5.7.1) were 

142 Bq (kg Ca)~* and 157 Bq (kg Ca)~ 1, respectively, and the 
137Cs estimates were 0.39 Bq 13?Cs (day)"1 and 0.37 Bq 137cs 

(day)-l. 

The ratio between observed and predicted (cf. Appendix C) diet 

levels was 0.97 for 9°Sr and 1.01 for 137Cs (corrected for Wind-

scale 1 3 7Cs). 

Table 5.9.4. Estimate of the mean content of 

diet in 1980 

137 Cs in the human 

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

Percentage of total 
Bq 137Cs in food 

Milk and cream 

Cheese 

Grain products 

Potatoes 

Vegetables 

Pruit 

Meat 

Eggs 

Pish 

Coffee and tea 

Drinking water 

164.0 

9.1 

80.3 

73.0 

43.8 

51.1 

54.7 

10.9 

10.9 

5.5 

548 

0.111 

0.080 

0.24 

0.077 

0.084 

0.03 

0.57 

0.028 

4.55 

2.21 

0 

18.20 

0.73 

19.42 

5.62 

3.68 

1.53 

31.18 

0.31 

49.60(4.96) 

12.16 

0 

12.8 (18.6) 

0.5 ( 0.7) 

13.6 (19.9) 

4.0 ( 5.7) 

2.6 ( 3.8) 

1.1 ( 1.6) 

21.9 (31.9) 

0.2 ( 0.3) 

34.8 ( 5.1) 

8.5 (12.4) 

0 ( 0 ) 

Total 142.43 
(97.79) 

In brackets are shown the values if the contribution of Windscale 

^37Cs in fish is excluded. This contribution is approx. 90% of the 

content in Danish fish. Windscale thus contributed with ap­

proximately 30* of the total 137Cs content in Danish diet in 1980. 

As the approximate intake of potassium was 1.365 kg y"1 the 137Cs/K 

ratios were 104 (71.6) Bq 137Cs (kg K)"1 or 2.8 (1.93) M.U. in 1980. 
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The relative contributions of 9^Sr from milk products (~ 33%) and 

from grain (35%) were similar to those in 1978 and 1979. The con­

tribution from potatoes, other vegetables, and fruit was - 27%, 

i.e. a little higher than in 1979. The relative contribution of 
137Cs in the total diet changed from 1979 to 1980 as follows: 

milk products (16 to 13%), grain products decreased from 28 to 

14%, and meat increased (19 to 22%). Fish contributed 35% to the 

total 137Cs intake in 1980, and is thus the most important source 

of 137Cs. This is, however, due to the 137Cs contribution from 

Windscale. If this was excluded, milk products would contribute 

with 19%, grain: 20%, meat: 32% and fish: 5%. 

5.10. Grass collected around Risø 

Table 5.10.1 shows the 90Sr content in grass ash from Zealand in 

1980. The mean 90Sr activity was 51 Bq 90Sr (kg ash) - 1, or 1080 

Bq 90sr (kg Ca)~1, i.e. the 1980 level was aprroximately equal to 

the 1979 level. Figure 5.10 shows the 90gr concentration in grass 

since 1957. The ratio between observed and predicted (cf. Appen­

dix C.1) 90Sr level in grass in 1980 was 1.88. 

Table 5 . 1 0 . 1 . S t r o n t i u m - 9 0 in q r a s s from Z e a l a n d , 1980 

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

Jan-March 39 1110 

April-June 64 1210 

July-Sept 55 1090 

Oct-Dec 46 890 

Mean 51 1080 

Mean 1.38 pCi g-1 29 S.U. 

Table 5.10.2 shows the 137Cs content in grass collected weekly in 

the spring at Risø. The ^37Cs levels decrease from March to May 

due to growth dilution. The decrease is most pronounced for the 
137Cs/K ratios, which decreased by a factor of four. 
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Pig. 5.10. Quarterly *°Sr levels in grass, 19S7-19M. 

Table 5.10.2. Cesium-137 in qrass from Rise, 1980 

March 

A p r i l 

May 

5 

4 

3 

Bq 137Cs kg-1 fresh Bq 137Cs m-2 Bo 137Cs (kg K)"' 

3.5110.13 

3.39*0.86 

1.6920.60 

1.23*0.16 

1.38*0.26 

0.8420.25 

lOIOt 70 

880*220 

250* 90 

The error term is 1 S.E. of the mean of n samplings during the 

month. 

5.11. Sea plants 

5.11.1. Sea plants collected in Roskilde Fjord 

Figure 5.11.1 shows the Bq 9°Sr (kg Ca)"1 levels in sea plants 

since 1959 and Table 5.11.1 the results for 1980. The mean level 

in Fucus vesiculosus was 390 Bq 90Sr (kg Ca)"*1, and in Zostera 

marina 70 Bq 99Sr (kg Ca)"1. The m~<sn ratio between observed and 

predicted 90sr levels in sea plants was 0.81. 
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?i<f. 5 . 1 1 . 1 . S tront ium-90 in sea p l a n t s from Rosk i lde f j o r d , 

1959-1980. 

Table 5 . 1 1 . 1 . Strontium-90 and Cesiui»-137 in sea p l a n t s trom Roskilde F]ord in 1980 

Location Species Date Bq 9 0 Sr I kg Ca )" 1 Bq *°Sr kg"1 Bq , :J7Cs (kg K ) _ 1 Bq 1 3 7Cs kq"' 
fresh weight fresh weight 

III 

IX 

I 

I 

I 

Zostera 
»anna 

... 

Fucus 
vesiculosus 

- - -

_ * — 

July 25 

. » _ 

Aug 6 

Oct 22 

Dec 12 

64 

75 

280 

380 

520 

0.22 

0.22 

1.09 

1.42 

1.84 

52 

34 

300 

290 

250 

0.23 

0.11 

2.20 

1.92 

1.85 

Zostera marina contained 43 Bq 137cs (kg K)"1 and Fucus vesiculo­

sus 280. 

5.11.2 Brown algae collected in Danish waters in 1980 

In Table 3.2.1.4 measurements on fucoids collected in the Sound 

are presented, and Table 5.11.1 shows the data from Roskilde 

Pjord. Besides these samples, brown algae have been collected in 

the Baltic Sea at Bornholm and Rødvig, in the Kattegat at Anholt, 

Endelave and Skagen, and in the Great Belt at Halskov Rev (cf. 

Table 5.11.2). 
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Table 5.11.2. Gaaaa-emitting radio nuclides in brown algae collected in inner Danish 

waters (except the Sound) in 1980 

Date Bq 137Cs kg-1 Bq 137Cs (kg K)" 1 Bq 60Co kg-1 

fresh weight fresh weight 

Hay 4 1.98 (12.9) 450 0.07 

April 22 2.11 (13.3) 520 

340 

410 

250 

430 0.3 

380 

400 

Aug 19 2.39 (12.9) 380 

Skagen Laminaria July 22 2.16 (10.9) 270 

In brackets are shown Bq 137Cs kg-1 dry weight. 

Location 

Anholt 
harbour 

Endelave 

Bornholm 
Svenskehavn 

Bornholm 
Arnager 

Bornholm 
Hammeren 

Anholt 
harbour 

Redvig 
Korsncb 

Halskov Rev 

Bornholm 
Listed 

Species 

Pucus v« 

— •• — 

_ m _ 

_ •» — 

— " — 

_ w _ 

_ » — 

_ » — 

June 3 

June 3 

June 3 

Oct 11 

Aug 6 

Aug 2 

1.42 

1.43 

1.03 

2.19 

1.86 

2.38« 

( 8.3) 

(12.3) 

( 8.5) 

(10.5) 

( 9.7) 

'(10.7) 

•134Cs/137Cs « 0.045 

Table 5.11.3 indicates that there was no difference between the 

137cs concentrations in brown algae from the various Danish wa­

ters. As the 137cs concentration is nearly proportional to the 

salinity (cf. 4.4) we conclude that ^^Cs is concentrated more in 

low- than in high-salinity waters. A similar conclusion was drawn 

in 1979 (cf. Risø-R-421 p. 1121>). The ratio between Bq kg"1 dry 

weight sea plant and Bq 1~1 sea water was approximately 170 in 

the Kattegat, 360 in the Sound and Roskilde Fjord, and 690 in the 

Baltic Sea. 

Furthermore, it is evident that the variance of the dry weight 

data, in general, are less than that of the fresh weight figures. 

As compared to 1979 the 13"7cs concentrations in Danish fucoids 

increased with 10-15% in 1980. According to fig. 4.4.6 the 137Cs 

concentrations in "typical Danish surface water" (16 o/oo salini­

ty) increased from 1979 to 1980 by 14% (cf. also 8.2.3). 
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Table 5.11.3. Resume of 1 3 7Cs measurements on fucoids and laminaria collected in 

Danish waters in 1980 

Water Number of Bq 1' 7Cs kq~1 Bq 1^ 7Cs kg - 1 Approximate 
samples fresh weight dry weight salinity range where 

the samples are collected 

20-30 o/oo 

10-15 o/oo 

10-15 o/oo 

15-20 o/oo 

5-10 o/oo 

Total mean 23 2.16to.13 11.16to.35 

Mean 58 pCi kg"1 f.w. 300 pCi kg"1 d.w. 

The Kattegat 

The Sound 

Roskilde Fjord 

The Great Belt 

The Baltic Sea 

4 

10 

3 

1 

5 

2.1*0.05 

2.5 to . 2 

2.0*0.1 

2.4 

1 .6 to. 2 

11.9±0.7 

11.7*0.5 

9.9*0.8 

1U.7 

10.3*1.0 

The error term is 1 S.E. o£ the mean. 
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6. STRONTIUM-90 AND CESIUM-137 IN MAN IN 1980 

by A. Aarkrog and J. Lippert 

6.1. Stronium-90 in human bone 

The collection of human vertebrae from the institutes of forensic 

medicine in Copenhagen and Arhus was continued in 1980. As in the 

total-diet survey (cf. 5.7), the country was divided into eight 

zones. The samples were divided into five age groups: new-born (< 

1 month), infants (1 month-4 years), children and teenagers (5-19 

years), adults (£ 29 years), and adults (> 29 years), however, no 

samples of new-borns bone were obtained in 1980. 

Tables 6.1.2-6.1.5 show the results for the four groups. The 90Sr 

concentrations in human bone collected in 1980 were unchanged 

from those observed in 1979. 

Table 6 . 1 . 1 . Strontium-90 in bone from new-born children 
(< 1 month old) in 1980 

No samples. 

Table 6 . 1 . 2 . Strontium-90 in bone trom infants (£ 4 years) 
in 1980 

Zone Age in Month of Sex Bq (kg Ca)"1 

years and death 
months 

II 2m 3 M 46 

VI 2m 2 M 40 A 

1 y 1 m 2 P 7 B 

" 1 y 5 m 2 F 34 
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Table 6.1.3. Strontium-90 in bone from children and 

teenagers (£19 years) in 1980 

Zone Age in Month of Sex Bq (kg Ca)~ 
years death 

II 14 10 H 36 

III 19 3 F 36 

VI 16 2 F 21 

16 9 M 21 

19 9 M 24 

Table 6.1.4. Strontium-90 in vertebrae from adults 

U 29 years) in 1980 

Zone Age in Month of Sex Bq (kg Ca)~ 
years death 

II 21 10 M 26 

24 10 M 32 

VI 29 2 F 27 
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Table 6.1.5. Strontiu*-90 in vertebrae fro* adults 

{> 29 years) in 1980 

Zone Age in Month of Sex Bq (kg Ca)~ 
years death 

39 

70 

72 

74 

30 

40 

49 

56 

59 

81 

83 

58 

47 

37 

39 

60 

75 

39 

31 

37 

10 

2 

2 

10 

3 

2 

3 

3 

2 

10 

10 

3 

6 

3 

10 

10 

10 

2 

2 

2 

F 

F 

F 

F 

M 

M 

M 

H 

M 

M 

H 

F 

« 

M 

M 

M 

M 

F 

M 

M 

33 

31 

35 

29 

23 

29 

30 

28 

59 

40 

38 

26 

28 

22 

31 

30 

44 

24 

40 

47 

Table 6.1.6. Strontium-90 in human vertebrae collected in 

Denmark in 1980. (Unit: Bq (kg Ca)_1) 

Age group Number of Min. Max. Median Mean 
samples 

Infants 
(£ 4 years) 4 7 46 37 32 

Children 
(£ 19 years) 5 21 36 24 28 

Adults 
(£ 29 years) 3 26 32 27 28 

Adults 
(> 29 years) 20 22 59 30 33 

The observed mean concentration in adults (_> 30 years) was 76% of 

that predicted (cf. Appendix C). 
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Tables 6.1.7-6.1.10 show ANOVA's on the adult (_> 30 years) bone 

data from B. Jutland (zone II) and Zealand (zone VI). The data 

were divided into two periods: one with "high" levels (1964-1968) 

and "low" error, and another (1960-1963 and 1969-1980) with "low" 

levels and "high" error. The purpose of this division was to see 

if we could detect any significant difference in 9nSr levels be­

tween male and female vertebrae. It appears that this was not 

possible in the present material. 

Table 6.1.7. Analysis of variance of In Bq 90Sr (kg Ca)-1 

in vertebrae from adults i>_ 30 years) collected in E-Jutland 
(Zone II), 19(4-1968. (Age groups: 30-39, 40-49, 50-59, 

60-69, 70-79 and 80-89 years) 

Variation 

Between 

m 

t> 

m 

n 

» 

m 

year (Y) 

sex 

age 

Y 

S 

Y 

Y 

Remainder 

X 

X 

X 

X 

(S) 

group 

S 

A 

A 

S x A 

(A) 

SSD 

0.099 

0.176 

0.930 

U.181 

0.638 

0.428 

0.736 

1.665 

f 

4 

1 

5 

3 

5 

11 

5 

20 

S2 

0.025 

0.176 

0.186 

0.060 

0.128 

0.039 

0.147 

0.083 

v2 

0.298 

2.120 

2.241 

0.726 

1.532 

0.468 

1.774 

P 

-

-

-

-

-

-

-

Table 6.1.8. Analysis of variance of In Bq 90Sr (kq Ca)~^ 
in vertebrae from adults (2. 30 years) collected in Zealand 

(Zc«e VI), 1964-1968. (Age groups: 30-39, 40-49, 50-59, 

60-69, 70-79 and 80-89 years) 

Variation 

Between 

m 

m 

iff 

m 

n 

year (Y) 

sex (S) 

age group (A) 

Y * S 

S * A 

Y x A 

Remainder 

SSD 

0.079 

0.148 

0.723 

0.120 

0.076 

0.466 

1.045 

f 

3 

1 

5 

1 

3 

6 

15 

s? 

0.026 

0.148 

0.145 

0.120 

0.025 

0.078 

0.070 

V2 

0.376 

2.114 

2.066 

1.714 

0.362 

1.109 

P 

-

-

-

-

-

-
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Table 6 . 1 . 9 . Analysis of variance of In Bq *°Sr (kg Ca>~' 
in vertebrae fro« adul ts l>_ 30 years) c o l l e c t e d in Jutland 
(Zone I I ) , 1960-1963 and 1969-1980. (Age groups: 30-39 , 
40-49, 50-59 . 60-6!*, 70-79 and 80-89 years) 

V a r i a t i o n 

Between 

* 

* 

m 

m 

m 

m 

year (Y) 

sex (s ) 

age group (A) 

Y » S 

S x A 

Y * A 

Y « S « A 

Reminder 

SSD 

13.973 

0.152 

0.819 

1.730 

0.488 

3.019 

2.275 

9.567 

f 

13 

1 

5 

12 

5 

38 

22 

94 

. 2 

1.075 

0.152 

0.164 

0.144 

0.098 

0.079 

0.103 

0.102 

v2 

10.538 

1.490 

1.606 

1.417 

0 .960 

0.781 

1.016 

P 

> 99.95% 

-

-

-

-

-

-

Table 6 . 1 . 1 0 . Analysis of variance of In Bq 9 0 Sr (kg Ca)"1 

in vertebrae fro* adultr, U 30 years) c o l l e c t e d in Zealand 
(Zone V I ) , 1960-1963 ar.d 1969-1980. (Age groups: 30-39 , 40 -49 , 
50-59, 60-69 , 70-79 ar.d 80-89 years) 

V a r i a t i o n 

Between 

* 

m 

m 

m 

m 

iff 

y e a r (Y) 

s e x (S) 

a g e grour 

Y * S 

S * A 

Y * A 

Y * S r. A 

Remainder 

(A) 

SSD 

9 . 7 2 6 

0 . 0 0 9 

0 . 9 0 9 

1 .794 

0 . 1 9 4 

2 . 2 9 5 

0 . 2 6 2 

8 . 8 7 3 

f 

14 

1 

4 

11 

2 

19 

3 

76 

s ? 

0 . 6 9 5 

0 . 0 0 9 

0 . 2 2 7 

0 . 1 6 3 

0 . 0 9 7 

0 . 1 2 1 

0 . 0 8 7 

0 . 1 1 7 

v2 

5 . 9 3 8 

0 . 0 7 7 

1 . 9 4 2 

1 .397 

0 . P 3 0 

1 . 0 3 5 

0 . 7 4 7 

P 

> 99.95% 

-

-

-

-

-

-

/ 
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bone from newborn (< 1 month) 1961-1980. 
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bone fro« adults O 19 years <. 29 years) 19»1-19»0. 



- 101 -

f i n , t . t . 5 . StrontiiM-9« l e v e l s (sample nuaber weighted wean) in 
bon* fro* a d u l t s O 29 year«) 1961-19S0. 



- 102 -

300 

200 

100 

0 

300 

^200 
Ok 

o 
Ol 
O" 
CO 

100 

300 

I I I I I t I T t I I I I I I I I 1 I 

Cohort 1960-

- 5 

Cohort 1961 

M I I l I I I I | I I I I I I I M 

Cohort 1962 -

0 Li-L i I ± J i t-i I i i t i l i : i tJ O 

o 

5 Ok 

to 
o 
o» 

10 15 20 

iTiq. 6 .1 .6 , Strontiu«-90 in human bon« from Danish cohorts 1960-1966. 
Abscissas act« in years. Ordinat«« bon« l«v«l in Bq 9 08r (kq Ca>~1. 



- 103 -

300 

200 

f i i i i I T ; i i I l i i i 

Cohort 1963 ^ 

100 -

I I I | l I I l | l I I I I I I H 

Cohort 1964-

0 

150 

100 

50 

0 

150 

100 

50 

0 

i i i i | i i i i I i i i i | i i i i 

Cohort 1965 -

i i i i [ i i i i | i i i i | i i i t 

Cohort 1966 

i i i I , I i . . i i i i i i i i i i i i 

o o 
5i? 

o 
o» 

O 
CL 

0 

4 

4 

2 

0 
10 15 20 



- 104 -

6.2« Cesium-137 in the human body 

Whole-body measurements were initiated at Risø in July 1963 (of. 

2.3 in Risø Report No. 85*). h control group from the Health 
Physics Department was selected and has since then been measured 

as far as possible three times a year. 

However, due to the decreasing 137cs content in the body the con­

tribution from interfering radionuclides to the Y-spectra has 

made the determination of 137Cs unreliable and since 1978 we have 

not published whole-body measurements. Prom the prediction model 
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to o 
c* o 
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1X103 -

200 

- 150 

- 100 (A 
O 
ro 

O 
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Fig. 6.2. A comparison between observed (±1 S.E.) and calculated2 1 ' 
Bq 137Cs (kg K)"1 levels in whole-body from the Islands. 
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for whole body 137cs21) w e have estimated the level in 1980 at 

162 Bq 137Cs (kg K) _ 1 (= 4.4 H.U.) and from the diet measurements 

(cf. 5.7) for the Islands our estimate becomes: 2.85*77 * 219 Bq 

!37Cs (kg K) - 1 (= 5.9 H.U.), where 2.85 is the observed ratio be­

tween 13"7cs/K i„ body and diet21). 
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7. TRITIOH IN THE ENVIRONMENT 

by Heinz Hansen 

7.1. Introduction 

Tritium is produced naturally in the atmosphere by the interac­

tion of cosmic-ray protons and neutrons with nitrogen, oxygen or 

argon. Surface waters contain about 0.37 kBq m~3 from this 

source25). Tritium is also produced and injected into the stra­

tosphere as the result of thermonuclear explosions. At present, 

this latter source has enhanced the natural inventory by about a 

factor of ten25). Finally, tritium is produced as a by-product of 

the peaceful uses of atomic energy: it is released both durir.q re­

actor operation and fuel reprocessing. 

Before Denmark builds any nuclear power stations of her own, it 

is of interest to know the general tritium levels in the environ­

ment that could be affected by this new energy source. Also, an 

assay of the current tritium levels can be used already now to 

control any tritium which may be released from the Swedish nu­

clear power stations at Barsebåck and Ringhals, and from the re­

processing plants at Windscale and La Hague. 

7.2. Assay of tritium in low-level amounts 

The present assays of tritium level« in water are based on a re­

lative enrichment of ^H20 by electrolysis and subsequent liquid 

scintillation counting as previously described (Risø Reports Nos. 

386, 403)1). 

In spite of a series of adaptions of the original method, based 

on further experience, we have not yet quite resolved the problem 

that a few sea water samples show apparently enhanced tritium 

levels, which decay with storage time. 
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7.3. Results 

Local precipitation values at Risa were affected by chanqes in 

the cooling system of the reactor DR 3f which in autumn 1980 

resulted in a minor extra release of HjO to the environment. 

Table 7.3.1. Tritium in precipitation collected at Rise in 1980 

Month 

Jan 

Feb 

March 

A p r i l 

May 

June 

J u l y 

Aug 

Sept 

1 - 2 7 / 1 0 

2 7 - 3 0 / 1 0 

Nov 

Dec 

Small ( 1 m 2 ) 
r a i n c o l l e c t o r 

m 

0 . 0 2 0 

0 . 0 1 9 

0 . 0 1 5 

0 . 0 2 5 

0 . 0 2 0 

0 . 0 7 7 

0 . 0 8 4 

0 . 0 6 0 

0 . 0 6 2 

0 . 0 7 2 

0 . 0 6 0 

0 .051 

Zm 0 . 5 6 5 

kBq m~3 

6 . 7 1 0 . 1 9 

6 . 7 1 0 . 1 9 

4 . 4 1 0 . 7 4 

9 . 6 1 0 . 9 3 

1 1 . 1 1 0 . 5 6 

7 . 4 1 0 . 1 9 

7 . 0 1 0 . 7 4 

9 . 8 1 2 . 0 

-

48 1 6 . 1 

7 . 0 * 0 . 3 7 

4 . 3 1 0 . 5 6 

kBq m - 2 

0 . 1 3 3 

0 . 1 2 6 

0 . 0 6 7 

0 . 2 4 

0 . 2 2 

0 . 5 7 

0 . 5 9 

0 . 5 9 

-

3 . 5 

0 . 4 2 

0 . 2 2 

m 

0 . 0 2 4 

0 . 0 2 0 

0 . 0 1 5 

O.028 

0 . 0 1 0 

0 . 0 7 6 

0 . 0 8 3 

O.041 

0 . 0 7 2 

0 . 0 4 8 

0 . 0 2 8 

0 . 0 6 1 

0 . 0 3 8 

Im 0 . 5 4 4 

Large (10 n 2 ) 
r a i n c o l l e c t o r 

kBq » ~ 3 

-

-

-

1 1 . 1 1 0 . 3 7 

8 . 9 1 0 . 9 3 

1 2 . 6 1 0 . 5 6 

1 1 . 5 1 0 . 3 7 

-

-

32 13 .1 

113 1 2 . 0 

-

5 . 6 1 0 . 7 4 

kBq « " 2 

-

-

-

0 . 3 1 

0 . 0 8 9 

0 . 9 6 

0 . 9 6 

-

-

1 . 5 4 

3 . 2 

-

0 . 2 1 

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



Table 7.3.2. Trit 

collected in Narch 

Loc4tiun 

Hvidsten 

Peldbak 

Rem* 

Renne new 

Ranne old 

Hassel« 

Fåretofte 

Kalundborg 

Ravnholt 

Fredericia 

Mean 

Mean: nCi l"1 

Median 

Median: nCi 1_1 

A sample of ground 

in Roskilde con tail 

108 -

urn i n ground water 

1980 ( c f . 4 . 3 . 1 ) 

kBq 3H m"3 

2 . 0 11 .30 

2 . 2 

0 . 5 6 1 0 . 1 8 

0 . 7 4 1 0 . 0 0 

3 . 7 

4 . 4 1 0 . 0 0 

9.6 10.37 

8 .9 11.11 

11.8 11.11 

5 . 7 1 0 . 9 2 

5 . 0 1 3 . 9 (1 S . D . ) 

0 . 1 3 4 1 0 . 1 0 5 (1 S . D . ) 

4 . 0 

0 . 1 0 9 

water from M a g l e k i l d e 

ed 9 . 6 1 1 . 1 1 kBq 3H m - 3 . 

The e r r o r term i s 1 S . E . of the mean of 

d o u b l e d e t e r m i n a t i - . i s . 
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Table 7.3.3. Tritiua in sea water 

collected in Rosk iIde tjord (I) 

(cf. Fig. 4.6.2). IMO 

Dat« 

30/1 

4/3 

8/4 

6/5 

3/6 

3/9 

3/11 

kBq 3H «-3 

7.420.00 

6.710.92« 

7.841.48 

6.7*0.74 

11.1 tO.44« 

9.810.18 

20.811.52* 

The error ter* is 1 S.E. of the 

Mean of double determinations. 

'Triple determinations. 

A regression analysis of the overall relation between sea water 

salinity (o/oo) and tritium content (nCi l"1) in late 1979 (Table 

7.3.4) and 1980 (Table 7.3.5) showed no significant changes from 

the figures for early 1979 quoted in our last report (Ris«9-R-

421D). In early 1979 we had found: nCi 3H 1-1 = 0.28-0.0064 o/oo. 

Now we find for late 1979: nCi 3H l~1 = 0.31-0.0073 o/oof and for 

all 1979: nCi 3H 1_1 = 0.28-0.0066 o/oo. For 1980 we find: nCi 

3H 1-1 = 0.34-0.0071 o/oo. This shows again that the tritium con­

tamination of Danish waters is predominantly due to fallout 3H20 

in precipitation. It is not affected to any significant extent by 

tritium from Windscale or from Swedish nuclear plants. 
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Table 7.j.4. Tritiua in M a water collected in 1979 and January 19*0 (cf. «is«-r*-421' >) 

L>-H.ation 

K u l i e n 

» • — 

N n t t l a 

K a t t e g a t SW 

As-Mfs r e v 

H a l s k o v r e v 

r e a e r n b e l t 

G e d s e r r e v 

The- Sound - N o r t h h 

_ • _ - - -

The Sound - N o r t h • 

— m _ _ » _ 

• a r s e back 

— n _ 

R i n a h a l s 

_ m _ 

R i n g h a l s 

_ * .. 

H e s s e l e 

— • _ 

Dybe r e n d e 

H i r t s h a l s 

H a n s t h o l m 

L y n g v i g 

Horn r e v 

Rema 

The W o r t h Sea 

S k a g e r a k 

The N o r t h Sea 

« » ~ 

S k a g e r a k 

The N o r t h Se« 

A r o u n d t h e Z e a l a n d 

P o s i t i 
s c a t ion 

N 

S * ° 1 V 

— • * 

% 

5 S « 4 « • 

• - -

5 S 0 5 9 ' 

a. • . . 

3« 

• 

2 

• 

S 7 0 1 4 -

• * • 

5 6 ° 1 0 ' 

_ - _ 

5 7 0 4 9 . » • 

5 7 0 3 4 . 5 1 

57O07• 

5 6 ° 1 4 . 4 ' 

5 i ° 4 0 • 

5 S O 0 6 . 3 ' 

5 7 0 4 5 ' 

5 7 0 1 7 ' 

5 5 0 5 9 ' 

5 5 0 4 8 ' 

5 7 0 4 1 ' 

5 5 0 1 7 >6 

on o r 
number 

E 

1 2 0 2 5 ' 

— * — 

1 2 ° 4 4 « 

—. • —. 

1 2 ° 4 2 " 

_ <* w 

1 1 0 5 3 * 0 7 

- - -

1 1 0 4 7 ' 

_ •* * 

M ° 1 7 . 5 ' 

» 0 4 2 • 

t»027' 

7 " 5 8 ' 

7 0 3 5 . 4 ' 

8 0 1 6 . 3 ' 

5030« 

9O0 3 ' 

7 0 5 2 ' 

4 0 3 0 ' 

1 0 O 1 0 ' 

7 O 0 7 ' 5 

b p t h 
i n • 

0 

22 

0 

0 

0 

0 

0 

0 

0 

19 

0 

25 

U 

10 

0 

24 

0 

65 

0 

24 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

i, . 5 

0 . 5 

0 

0 

0 

0 

0 

0 

D a t e 

Hov 1 9 7 9 

Jan 1980 

- - -

- - -
- - . 

- - -

Dec 1979 

- - -

Nov 1979 

- - _ 

Otc 1979 

- - -

Nov 1979 

- - -
• •• • 

- - -

June 1979 

. . . 

Aug 1979 

. . . 

— •» — 

. . . 

June 1979 

— *• _ 

May 1979 

June 1979 

Nov 1979 

Jan 1980 

1971 

i l 

5 . 7 

4 . 4 

5 . 4 

5 . 9 

5 . 7 

5 . C 

*.a 

1 0 . 7 

5 . 0 

3 . 9 

4 . s 

2 . 2 

5 . 9 

B . 5 

3 . 3 

1 . 8 5 

4 . 8 

2 . 0 

5 . 6 

1 . 4 8 

2 . 2 

2 . 0 

2 . 4 

2 . 8 

2 . 8 

2 . 6 

2 . 8 

2 . 8 

3 . 0 

1 . 4 8 

4 . 6 

3 . 1 

9 . 2 

S . E . 

t i . 66 

» 0 . 37 

t O . 18 

i O . 3 7 

1 0 . 8 5 * 

t O . 8 5 * 

i i i . S * 

1 0 . 3 7 

t O . 18 

t 1 . 3 0 

t O . 74 

4 0 . 37 

t O . 37 

» 0 . 7 4 

• 0 . 7 4 

t t ) . 35 

t O . 0 0 

t O . 5« 

• -0 . 00 

1 0 . 00 

t O . 00 

t O . IB 

t O . 18 

1 0 . 1 8 

t O . 1 8 

• 0 . 0 0 

t O . 56 

t O . 1 8 

t O . 0 0 

t O . 0 0 

t i . 3 0 

t O . 56 

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

2 5 . 7 

2 6 . 3 

2 2 . 9 

2 0 . 0 

1 8 . 7 

1 5 . 5 

1 7 . 4 

1 1 . 7 

2 6 . 2 

3 2 . 0 

2 5 . 0 

3 2 . 0 

2 1 . 6 

2 6 . 3 

2 3 . 0 

3 5 . 6 

2 4 . . 

3 6 . 2 

1 8 . 1 

3 4 . 2 

3 2 . 1 

3 2 . 9 

3 2 . 9 

3 2 . 8 

3 3 . 4 

3 0 . 7 

3 0 . 7 

3 0 . 8 

3 2 . 8 

3 5 . 6 

2 6 . 0 

3 5 . 7 

'Triple determinations. 

The error term is 1 S.E. of the mean of double determinations. 
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•»ble 7.3.5. Tritiua in see w t t r collected in 1M0 

Location Position or Depth 
station nuaber in a 
N E 

Kulien 

Hessele 

Katteeat SH 

Asnes rev 

Halskov rev 

Langeland belt 

Feeern belt 

Gedser odde 

Keen 

5«<»15* 

— » • 

5 * 0 1 0 * 

• * •» 

56O07* 

— • — 

• * _. 

~ •> . 

5503B* 

— •• — 

— * _ 

— • — 

5 5 0 2 3 ' 

_ ** * 

— » — 

— * — 

54O50* 

— » — 

_ *• _ 

5 4 0 3 6 ' 

« » — 

— n „ 

— •* — 

5 4 0 2 8 • 

_ " • 

— » — 

• » » » • • » 

54057« 

— * — 

_ » _ 

*• * — 

1 2 * 2 5 ' 

- _ •> ^ 

n°47* 

— • ' •*. 

l i o i o ' 

— •* * 

— " — 

- - -

1 0 0 4 7 * 

• • _ 

_ » _ 

— * — 

11O03* 

_ P) — 

* * — 

10O50* 

— • * 

— '» ._ 

— * — 

11O05* 

«» •* — 

_ » —. 

— •* — 

11059« 

* * _ 

_ " a . 

» ** _ 

1 2 0 4 1 * 

* * — 

— <• » 

— * — 

0 

22 

0 

25 

0 

39 

0 

33 

0 

19 

0 

IS 

0 

19 

0 

20 

0 

48 

0 

45 

0 

28 

0 

20 

0 

18 

0 

15 

0 

21 

0 

21 

D a t e 

December 

— • — 

Noveaoer 

* • _ 

J u l y 

u 

N o v t n b t r 

« » • * « » 

J u l y 

• * — 

November 

_ * _ 

August 

_ * _ 

November 

— * — 

August 

_ " — 

December 

_ r* _ 

Auqust 

« • » * • > 

December 

— •• —. 

August 

— m _ 

December 

— m — 

Auqust 

— *• -. 

December 

- p * — 

kBq 3M e~3 
s i S . E . 

7 . 8 1 0 . 3 7 

5 . 0 * 0 . 5 6 

7 . 4 * 0 . 3 7 

4 . 6 i 1 . 3 0 

9 . 2 1 1 . 1 1 

3 . 7 S 0 . 3 7 

7 . » S O . 5 6 

6 . 1 1 0 . 1 8 

9 . 4 1 0 . 5 6 

3 . 3 1 0 . 0 0 

8 . 1 1 1 . 4 « 

5 . 7 1 0 . 1 8 

9 . 2 1 0 . 7 4 

3 . H 0 . 1 8 

7 . 4 1 0 . 7 4 

6 . 3 1 0 . 3 7 

9 . 1 1 0 . 5 6 

3 . 3 H . 4 8 

8 . 3 1 0 . 5 6 

1 0 . 2 1 0 . 5 6 

8 . 7 1 0 . 1 3 

5 . 0 1 0 . 1 8 

8 . 1 1 0 . 0 0 

8 . 1 1 1 . 1 1 

9 . 4 1 0 . 5 6 

3 . 9 1 0 . 5 6 

1 2 . 0 1 0 . 5 6 

1 0 . 9 1 0 . 5 6 

1 2 . 6 1 1 . 4 1 « 

1 0 . 2 8 0 . 1 8 

1 0 . 7 1 0 . 3 7 

9 . 4 1 0 . 1 8 

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

2 1 . 9 

2 4 . 1 

2 4 . 3 

3 3 . 0 

1 4 . 4 

2 8 . 4 

2 3 . 9 

3 2 . 1 

1 2 . 7 

3 0 . 9 

2 2 . 1 

3 3 . 7 

1 0 . 8 

2 9 . 2 

1 8 . 8 

2 4 . 3 

9 . 2 

2 9 . 7 

1 8 . 4 

1 8 . 6 

1 2 . 0 

2 8 . 8 

1 6 . 9 

1 4 . 0 

8 . 2 

2 7 . 3 

1 3 . 4 

1 4 . 9 

7 . 9 

7 . 8 

9 . 3 

1 1 . 2 

http://12.611.41�
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Table 7 .3 .S continued 

Location 

Th« Sound 

_ • — 

• • • 

_ • _, 

Th« Sound 

— • —. 

_ • • _ 

* » _ 

Th« Sound 

* • — 

• • —. 

* • * 

Barsebick 

—. * — 

•• ** « 

» * * 

Ringhals 

_ * _ 

— m — 

— •> — 

— • — 

* • * 

Th« North 

« • •» 

• • _ 

- South 

- nor th A 

- North B 

Se« 

Posi t ion or 
s ta t ion nuabur 

N E 

55»25' 

— • — 

— • — 

— • —. 

55048« 

• " — 

•» •* — 

— • — 

55059• 

* * _ 

38 

•) 

» 

m 

57014' 

— • — 

— W — 

— • — 

2 

• 

55057« 

55055' 

55013' 

12«39* 

M • * 

• ** • 

— » — 

12044" 

_ * *. 

• * — 

* * * 

12°42* 

_ M _ 

— • — 

— » — 

11053*7 

_ » * 

_ » — 

•> * * 

3O30* 

5057•5 

8012* 

Depth 
in m 

0 

12 

0 

12 

0 

19 

0 

20 

0 

26 

0 

25 

0 

16 

0 

16 

0 

66 

0 

65 

0 

22 

0 

0 

0 

Dat« 

nu?i*st 

•» _ 

Decemlier 

— •> — 

AuquSt 

_ • _ 

December 

_ w _ 

Auqust 

_ m _ 

December 

• • — 

August 

— • — 

November 

_ <• .. 

July 

_ ** * 

October 

* * •> 

_ - _ 

* ** _ 

September 

January 81 

_ •» _ 

kBq JH m - 3 

t i S .E . 

9 .411.30 

8 .511.11 

11 .7*0 .18 

9 .4 *0 .18 

8.711.30 

4-/811.11 

6 .510.92 

7.911.30« 

8 .510.37 

2 .810.18 

5.910.37 

5.410.18 

7.411.11 

3.010.00 

10.010.37 

8.310.18 

11.810.37 

5.411.67 

4.810.00 

2 .810.18 

6 .311 .15* 

6 .110.56 

2 .810.56 

5 .010.56 

6.110.56 

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

11.1 

1 2 . 

11.2 

11.9 

13.6 

27.2 

19.5 

22.6 

10.7 

32.9 

21.3 

27.J 

13.1 

31.6 

11.2 

19.2 

20.8 

35.3 

30.0 

33.0 

18.6 

29.7 

35.1 

34.5 

29.5 
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8. TRANSURANICS IN ENVIRONMENTAL SAMPLES 

by Karen Nilsson, Henning Dahlgaard, and Asker Aarkrog 

8.1. Materials and methods 

The studies have comprised four types of marine samples in sea 

water, marine sediments, brown algae (Pucoids and Laminaria), and 

mussels (Mytilus edulis mostly). The samples were collected in 

Danish waters from Skagen to Bornholm by the research vessel Fyr-

holm (fig. 8.1). 

Sea water samples were measured both as total water and as par­

ticulates filtered by a 0.45-y Gelman Acroflow II filter (500-

1000 1 h~1 ). The samples for Pu-Am analysis were 200-1000 1 and 

they were collected by a pump through a rubber tube. The Pu and 

Am were precipitated with 236Pu and 243Am spikes (kindly provided 

by Drs. H. Volchoch, EML, and J. Sedlet, ANL) by adding NaOH to 

the water on board the ship (pH - 10). This method was developed 

by Dr. Elis Holm, Lund University. 

Sediments were collected down to 15-cem depths by the HAPS""*) 135. 

mm cylindrical stainless steel cover. The samples were divided 

into 3-cm thick sections before analysis. 

Brown algae were collected as fresh growing plants. The total 

plant was included in the analysis, but epifauna was removed. 

Mussels were divided in flesh and shells before the analysis. The 

bysus threads were removed before the preparation. The samples 

were analysed for Pu by the method of Talvitie^9'30) and the Am 

was determined by a method developed by Elis Holm33). 
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8°E 9°E 10°E 11°E 12°E 13°E 14°E 15°E 

f i q . > . 1 . Saaplinq l o c a t i o n s for marin« samples in July-Auqust 1910 

8.2. Results and discussion 

8.2.1. Sea water 

Pigure 8.2.1 shows that the Pu concentration in sea water in­

creases with increasing salinity in the Danish waters. Por com­

parison, a sample from the Norwegian West Coast (approximately 

63° N) and 9 samples from Thule waters (approximately 76° N) 

(contaminated by fallout only) are plotted on the figure. It ap­

pears that these data fitted into the pattern of samples from 

Danish waters. Kautsky34) collected 3 sea water surface samples 

in the Kattegat and two in the Baltic Sea in July 1980. The mean 

239,240pu content in these samples was 0.23±0.05 fCi 1
_1 (±1 

S.D.) (0.0084 Bq m~ 3). This was in the same range as our surface 

water samples collected in July-August 1980. 
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Pig. ».2.1. Plutonium-239,240 in sea water related to salinity, 

1979-1980. o: Danish surface sea water (1980). 7: Danish bottom 

sea water (1980). H: Norwegian sea water (1980). T : Thule waters 

(1979) (ti S.D., 9 determinations). 

The particulate fraction (£, 0.45 M) of the Pu activity in the 

Danish samples were 7*2 (1 S.D.)%. In the Thule samples we found 

13*4%. The particulate fraction for Danish inner waters is sur­

prisingly low and may be a result of the filtering method applied. 

The mean ratios: 241Am/239'240pu w a s 0.11*0.03 in Danish waters 

(1 S.D.; 7 samples); in Thule waters we found 0.18*0.09 (1 S.D., 

4 samples). These ratios are lower than that in accumulated fall­

out (~ 0.3) because Am is more easily removed than Pu from the 

water column to the sediments. 

The source of Pu and Am in Danish waters during 1978-1980 has 

mainly been global fallout. There may have been contributions 

from Windscale, too, but this could not be confirmed by our data. 

Kautsky34) has, however, shown an increase in Pu concentrations 

in the Kattegat in March 1979 which probably was due to Wind-

scale. 
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»aH«; » . t . l . r l a t e a i a a e * 4 aawr lc iaa i a c«« v a t e r c a i l e c t * * » Bautisa n u n i n I t t l y - I n p u t « • * 

UCMiM S*e*Y>1 

b a * . i U 2 

Borahola, 
U s t a d 

l e * 1 osr fec t watar 

W » i « t t j * ( 19 •>) 
t a x s r 

l e t 5 1 svr fece 
0 . 4 * n r e r t i e a l j t a a 

nM I v u f t a water 

• f » 1 r . - t tca ( i » » ) 
vices* 

7:.» 1 »serf ece 
C.4S V • • t t i . « l « t e » 

>,« i sur.'are water 

Wji * l -ot to* 1 1 * m) 
water 

10J«; 1 a t x f a c * 
0.45 » p a r t i c u l a t e « 

Mi 1 t w f < r i Mtar 

tao 1 bat tea 1 1 * • ) 
v a t e r 

1 M 1 »ar*aea watar 

1 M 1 bcittaa ( i » a>) 
watar 

5T0 1 surface 
0.45 li p a r t i c u l a t e 

180 1 ( a r f a c a watar 

1000 1 aurfaca 
0.45 w part iculate« 

i a l ' a l t j 
i n 

a/a« 

2 M . 2 4 0 , , , **w 

21. J » i l ? 22 

«.» - - -

2 S . 1 - » -

11.4 aua 2 

30 .3 - - -

11.4 - " -

i j . f r Juiy ve 

34 .0 - - -

1».0 - - -

12.7 Jtaa« • 

31 .6 - " -

s.a »uo s 

a.s - • -

8 . 0 aue 19 

0 .00*4 

0.010 

o. i r :« 

0.005S 

3.OU 

0.00044 

0.0070 

C.OIJi 

iKOOOii 

C.0C61 

C.010 

0.0041 

O.OOtS 

0.O0S3 

0-S0 

9.018 

0.1S 

0 .41 

0.012 

0.19 

0.J7 

0.314 

0.1S 

0.27 

0.17 

0.10 

0.0046 

0.002 

0.00C8 

0 . 0 0 1 * 

fCi I"1 

0.0« 

0.C2 

0.03 

Haan aorfaea watar t i S .D. 0.00(710.C02 0.1810.04 0.001410.0009 C.0320.01 

Mean button watar 11 S.D. (except Møen) C.OHtO.004 0.3910.10 0.031310.0003 0.0310.006 

Haan p a r t i c u l a t e s 11 S.D. 0.0004710.0002 0.01310.005 

8 . 2 . 2 . Sediments 
In 1980 sediments were c o l l e c t e d along with the sea water samples 
shown above. The mean depos i t ion (0-12 cm) at Ringhals , Barseback, 
and the Great Belt was 56*7 Bq 239,240pu m-2 (±j s .D . ) (or 1.5*0.2 
nCi m"2). The mean r a t i o : 238pu /239,240P u „ a g o .04t0 .015 and the 

mean r a t i o : 2 4 1 Am/ 2 ^ 9 ' 2 4 0 Pu was 0 . 3 5 t 0 . 0 6 . These observat ions are 
s imilar to those in the previous period 1975-1979^. 

http://ij.fr
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The mean concentration ratios between 0-3 cm-sediments (Bq kg-1 

dry weight) and bottom sea water (Bq 1"*) were 1 »10^ for 239f240pu 

and 3»105 for 241^m# similar ratios were found in Thule in 1979. 

The higher concentration ratio between sediments and sea water 

for Am than for Pu agrees with the lower solubility of Am in sea 

water. 

Table 8.2.2. Plutonium and Anericium in sediments collected in inner Danish waters in 

J u l y - A u g u s t 1980 

Loca t ion S e c t i o n 
h d a t e in cm 

R i n g h a l s 2 0 - 3 

( F i g . 3 . 2 . 1 . 2 ) 3 - 6 

J u l y 16 6 - 9 

9 -12 

Barseback 38 0 - 3 

(Kig . 3 . 2 . 1 . 1 ) 3 - 6 

Aug 8 6 - 9 

9 -12 

The Great B e l t 0 - 3 

55O23»N,11O03 ,B 3 - 6 

Aug 2 6 - 9 

9 -12 

HMD 
5 4 0 5 7 ' N , 1 2 ° 4 1 ' S 0 - 5 
Aug 5 

The e r r o r terms are 1 S . E . 

239 ,240 , 

Bq kg"1 

0 . 6 3 

0 . 5 5 

0 . 4 0 

0 . 0 6 5 

2 . 0 9 

2 . 2 9 

0 . 0 5 

0 . 6 5 

1 . 4 0 1 0 . 0 8 

1 . 4 9 4 0 . 1 1 

0 . 7 2 1 0 . 0 1 

0 . 0 5 3 1 0 . 0 0 2 

0 . 1 2 

c f t h e mean of 

Pu 

Bq m - 2 

1 3 . 5 

1 8 . 2 

1 4 . 0 

2 . 4 

2 1 . 5 

2 6 . 9 

0 . 5 

8 . 0 

1 7 . 8 

2 9 . 3 

1 4 . 5 

1.1 

1 0 . 3 

d o u b l e 

2 3 8 P u / 2 3 9 , 2 4 0 P u 

0 . 0 7 1 

0 . 0 5 3 

0 . 0 3 

-

0 . 0 5 1 

0 . 0 3 4 

-

0 . 0 2 7 

0 . 0 3 4 1 0 . 0 0 3 

0 . 0 3 3 * 0 . 0 0 5 

0 . 0 2 4 1 0 . 0 0 3 

-

-

d e t e r m i n a t i o n s . 

2 « W 2 « ' 2 4 0 p u 

0 . 3 1 

-

-

-

0 . 2 7 

0 . 4 3 

-

-

0 . 3 6 1 0 . 0 3 

0 . 3 6 1 0 . 0 2 

0 . 3 8 

-

-

8.2.3. Sea plants 

Sea plants were collected at the same locations as sea water (cf. 

fig. 8.1). Figure 8.2.3 indicates that the plutonium concentra­

tions in sea plants were lower in 1980 than in 1979, which was 

contrary to the observation made for 137Cs (cf. 5.11.2). The 

figure further shows that there was no significant difference in 

Pu concentrations in Fucoids collected in "low"- and "high"-
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salinity Danish waters. Within the year the PJ levels showed 

variations similar tu those observed between years. The reasons 

for these variations may be explained by the varying growth rate 

of the sea plants. 

Table S.2.3. Plutonium 239,240 in focoids and laaunaria collected 

in July-August 

Location 
and data 

Skagen 
July 22 

1980 in Danish Matars 

Specie« 

Laminaria 

Pucus vesiculosus 

Bq kg"1 w t 

0.014 

0.005 

•q k,"' dry 

0.073 

0.031 

The Great Belt 
Aug 2 Pucus vesiculosus 0.013 

•araeback 

Aug 10 Pucus vesiculosus 0.002 

Rødvig-Korsnmb 
Aug 6 Pucus vesiculosus 0.006 

Listed, Bornholm 
Aug 19 Pucus vesiculosus 0.006 

0.057 

0.039 

0.033 

0.034 

Mean 11 S.D. 0.007710.0048 0.04510.017 

Mean 0.21 pCi kg" 1 1.20 pCi kg" 1 

0.3 

0.2 -
3> 
3 

Q. 

IN 

% 0.1 

S 

0.0 

- - 1 i r 

vD 
1 1 

1 

Salinity 
10-20%o 
20-30%o " 

1977 1978 1979 
YEAR 

1980 1981 

Fig. 8.3.3. Plutonium-239,240 kg"1 dry weight fucoida collected 

in Danish water« 1977-1980. (Mean values 11 S.E.) (number of 

•ample« indicated). 

8 

6 £ 

O) 

- U 

3 

2 «v 
o a 
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The concentration ratio between brown algae (Bq kg-1 dry weight) 

and surface sea water (Bq l"1) was (7±0.9)»103 (±1 S.E., 5 deter­

minations) for Pu (on a wet weiqht basis it was 1*1()3). These 

ratios are approximately 3 times lower than those observed in 

Thule (cf. Rise-R-42335') but the difference is hardly signifi­

cant. 

Earlier measurements of Am in sea plants1*35^ have shown that the 

concentration ratio between brown alqae and sea water is the same 

as that observed for Pu. 

8.2.4. Mussels 

The concentration ratio for plutonium between Mussel flesh (Bq 

kg"l dry weight) and surface sea water (Bq l"1) was estimated at 

(6±1.2)»103 (±1 S.E., 5 determinations) (on a fresh weight basis: 

6»102); the mean ratio of shells/flesh (dry weight) was 0.31±0.07 

Table 8.2.4. Plutonium in missel« collected in Danish Maters in 

July-August 1980 

Location and date 

Skagen 
July 22 

The Great Belt 
Aug 2 

Ringhals 
July 16 

Barseback 
Aug 12 

Dragør, the Sound 
Aug >0 

Korsnas), Rødvig 
Aug 6 

Mean (Hytilus eduli 

Saaple 

Hytilus edulis 
flesh 

Hytilus edulis 
flesh 
shell in 

Hytilus edulis 
flesh in 

Hytilus edulis 
flesh 

s flesh) tl s.D. 

Bq kg"1 

fresh v. 

0.0025 

0.0041 

0.015 

0.0019 

0.0069 

0.0051 

0.0041±0.0020 

Bq kg"1 

dry w. 

0.019 

0.033 
0.013 

0.079 
0.026 

0.040 

0.060 
0.014 

0.048 

0.04010.015 

Mean (Hytilus edulis flesh) 0.11 pCi kg-1 1.08 pCi kg' 
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(1 S.D.). On a dry weight basis mussels thus showed a concentra­

tion ratio similar to that of Pucus; but on a fresh weiqht basis 

Pucus concentrated Pu more easily than Mutilus by a factor of ap­

proximately two. As for Pucus we found no strong indication of 

any relationship between salinity and Pu-concentration in mussels. 
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9. MEASUREMENTS OF BACKGROUND RADIATION IN 1980 

by L. Bøtter-Jensen and S.P. Nielsen 

9.1. Instrumentation 

Measurements of the background radiation were made with thermo-

luminescence dosimeters (TLD's), a mobile Ge(Li) spectrometer 

system^), a high-pressure ionization chamber (Reuter-Stokes RSS-

111), and a Nal(Tl) detector. 

9.2. State experimental farms 

The State experimental farms are situated as shown in fig. 4.2. 

The results of the TLD measurements are shown in Table 9.2.1. The 

results of the Nal(Tl) detector measurements are shown in Table 

9.2.2. 

Table 9.2.1. TLD-measureraents of the background 

radiation (uR h"1) at the State experimental 

farms in 1979/80 

Tylstrup 

Borris 

Ødum 

Askov 

St. Jyndevad 

Blangstedgård 

Tystofte 

Abed 

Win^jr 
1979/80 

7.3 

6.6 

7.6 

7.2 

6.4 

7.7 

8.4 

8.4 

Summer 
1980 

7.5 

6.5 

7.9 

7.3 

6.4 

7.4 

8.4 

-

Mean 

7.4 

6.6 

7.8 

7.3 

6.4 

7.7 

8.4 

8.4 

Mean 7.5 7.5 7.5 



- 122 -

Table 9.2.2. Terrestrial exposure rates at the State 

experimental farms Measured with the NaKTl) detector 

in 1980 (uR h-1) 

Location June Sep Dec Nean 

Tylstrup 

Borris 

Ødum 

Askov 

St. Jyndevad 

Blangstedgaard 

Ledreborg 

Tystofte 

Abed 

Tornbygird 

3.7 

3.5 

5.0 

4.1 

2.2 

4.6 

5.2 

4.9 

5.2 

5.9 

3.0 

2.9 

4.4 

3.4 

1.6 

4.P 

4.8 

3.8 

4.8 

(5.3) 

(3.1) 

(3.0) 

(4.5) 

3.2 

1.8 

3.8 

(4.8) 

(4.1) 

5.2 

(5.3) 

3.3 

3.1 

4.6 

3.6 

1.9 

4.1 

4.9 

4.3 

5.1 

S.5 

Mean 4.4 3.8 3.9 4.0 

Figures in brackets calculated from VAR212'. 

The Y-background measured with the NaKTl) detector in four groups 

of sampling stations is shown in fig. 9.2.1 from 19b2 to 1980. 

The change of levels in 1977 is due to a modification of the in­

strument and of the calculational procedure-*! ). 

The results of ionization chamber measurements are shown in Table 

9.2.3. The results of Ge(Li) spectrometer measurements are shown 

in Tables 9.2.4 and 9.2.5. 
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Fig. 9 . 2 . 1 . Terrestr ia l exposure rates at the State experimental 
farms in 1962-1976 and 1978-1980 measured with the NaKTl) de­
tector (uR h - 1 ) . 

Åkirkeby/Tornbygård 

Abed, Blangstedgård, Tystofte 

—~"— Virumgird/Ledreborg, Ødum, Tylstrup 

— • — Jyndevad, Askov, Studsgård/Borris 

Table 9.2.3. Ionization chamber 

measurements of the background 

radiation at the State experimental 

farms in 1980 (pR h-1) 

Location 

Askov 

St. Jyndevad 

Blangstedgård 

Ledreborg 

Abed 

Tornbygård 

September 

6.9 

5.8 

8.3 

8.7 

8.6 

9.2 

Mean 7.9 



- 124 -

Table 9.2.4. Terrestrial exposure rates at the State 

expertMental farms estimated fro« field spectroscopic 

measurements Made in September 1980 (uR h~* ) 

Location 

Askov 

St. Jyndevad 

Blangstedgird 

Ledreborg 

Abed 

Tornbygård 

Mean 

40K 

1.3 

1.0 

2.1 

2.3 

2.1 

2.7 

1.9 

226m 

0.5 

0.3 

0.9 

0.9 

1.1 

0.8 

0.7 

232TH 

0.6 

0.3 

1.3 

1.5 

1.2 

1 .4 

1 .1 

»37Cs 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

Total 

2.5 

1.8 

4.4 

4.8 

4.4 

4.9 

3.8 

Table 9.2.5. Radionuclides in the soil at the 

State experimental farms estimated from field 

spectroscopic measurements made in September 

1980. (Onit: Bq kg-1) 

Location 

Askov 

St. Jyndevad 

Blangstedqard 

Ledreborg 

Abed 

Tornbyg&rd 

Nean 

40K 

250 

200 

420 

470 

422 

540 

380 

226Ra 

6.5 

5.6 

17.8 

17.0 

20.4 

15.9 

14.4 

232Th 

8.1 

4.4 

17.8 

20.4 

15.9 

18.1 

14.1 

137Cs 

7.8 

11.1 

5.6 

5.2 

5.6 

2.6 

6.3 

9.3. Risø environment 

The five zones around Risø are located as shown in fig. 9.3.1. 

The results of the TLD measurements are shown in Table 9.3.1, and 

the results of the Nal(Tl) detector measurements are shown in 

Table 9.3.2. 
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Tabla » . 3 . 1 . TLD-aaasuraaants of tha background 
radiat ion (»R h"1) in f iva zonas (I-V) around Rise 
in 1979/80 

Risa zona Location Nintar 
1979/80 

Suaaar 
1980 

Haan 

1 

2 

3 

4 

5 

8 . 8 

8 .9 

23 .0 

9 .6 

14.9 

8 .2 

8 .7 

21.7 

9 .0 

16.7 

8 .S 

8 .8 

22.4 

9 .3 

15. 8 

Maan 13.0 12.9 13.0 

II 1 

2 

3 

4 

8 .2 

8 .6 

7 .8 

8 .9 

8 .2 

8 .5 

7 .6 

8 .4 

8 .2 

8 .6 

7 .7 

8 .7 

Maan 8.4 8.2 8 .3 

III 8.8 

7 .9 

8 .9 

8 .6 

8 .6 

8.7 

7 .9 

8 .8 

Naan 8 .5 8.6 8.5 

IV 1 

2 

3 

4 

5 

6 

7 

8 .1 

8 .1 

8 .6 

9 .0 

6.7 

8 .1 

9.2 

7 .8 

8 . 5 

8 .3 

8 .8 

6 .4 

8 .1 

9 .5 

8 .0 

8 .3 

8 .5 

8 .9 

6 .6 

8 .1 

9.4 

Haan 8.3 8 .2 8 .3 

1 

2 

8 

9 

10 

8 .2 

8 .8 

8 .5 

8.4 

9 .4 

8 .8 

8 .7 

7.4 

9 .2 

8 .1 

7 .9 

8 .9 

8 .4 

8 .1 

9 . 1 

5 .7 

8 .8 

7 .3 

8 .7 

8 . 2 

8 .1 

8 .9 

8 .5 

8 .3 

9 .3 

8.8 

8 .8 

7.4 

9 .0 

8 .2 

Haan 8.5 8 .4 8 .5 
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Table ».3.2. Terrestrial exposure rates at the Rise zones 

in 1980 measured with the NaHTl) detector (IIR h_1) 

Rise zone Location Feb Nay Auq Nov 

II 

1 

2 

3 

4 

5 

4 . 6 

5 . 7 

74.7 

4 . 6 

23.5 

4 . 4 

5 . 8 

54.4 

6 . 8 

11.2 

5 . 3 

7 . 1 

64.8 

6 . 2 

33.0 

4 . 6 

6 . 7 

58.8 

5 . 4 

10.8 

Mean 22.6 16.5 23.3 17.3 

1 

2 

3 

4 

3 . 4 

4 . 7 

3 . 9 

3 . 5 

5 . 2 

6 . 6 

3 . 9 

5 . 1 

5 . 2 

6 . 0 

4 . 5 

5 . 3 

• » • ^ 

5 . 2 

3 . 3 

4 . 5 

Mean 3.9 5.2 5.3 4.4 

III 1 6.6 6.0 6.1 

2 5.2 5.6 4.7 

3 4.8 5.4 4.4 

Hean 5.5 5.7 5.1 

IV 1 5.0 4.0 

2 5.1 4.8 

3 5.2 4.7 

4 4.5 4.2 

5 3.4 3.4 

6 4.0 4.0 

7 3.9 4.3 

Mean 4.4 4.2 

V 1 5.5 4.3 

2 5.6 5.4 

3 5.9 4.9 

4 5.0 4.3 

5 4.7 4.4 

6 5.0 4.7 

7 5.2 4.8 

8 4.4 4.2 

9 4.9 4.7 

10 3.9 4.1 

Mean 5.0 4.6 
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Pig. 9.3.1. The environment of Ris«. Locations for measurements 

of the background radiation. 

9.4. Gylling Næs environment 

The Gylling Næs environment (a potential nuclear power plant 

site) is routinely monitored with TLD's, and the results from 

three zones around the site are given in Table 9.4.1. The loca­

tions are shown in fig. 9.4.1. 
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10°E 20'E 

56°N 

£5' N 

56°N 

45'N 

10° E 20'E 
Pig. >.4.1. Tha environment of Gylling Mes. Locations for meas­

urements of tha background radiation. 
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Table 9.4.1. TLD-a*asuree*nts of the background 

radiation in four zones (I-IV) around the 

Gyllingnes site in 1979/80 

Gyllingnas 
lone 

I 

n 

• 

• 

Mean 

II 

W 

Mean 

III 

l» 

-

M 

1* 

Mean 

IV 

w 

m 

Mean 

Location 

1 

2 

3 

4 

1 

2 

1 

2 

3 

4 

5 

1 

O 

3 

Winter 
1979/80 

7.3 

7.6 

8.1 

7.6 

7.7 

8.3 

8.3 

8.3 

7.3 

7.6 

7.9 

-

8.0 

7.7 

8.0 

8.1 

7.7 

7.9 

9.5« Great Belt and Langeland Belt areas 

Locations on both shores of the Great Belt and the Langeland Bel 

(an international shipping route) are likewise routinely moni­

tored with TLD's; the results and locations are shown in Table 

9.5.1 and fig. 9.5.1, respectively. 
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45'N 

30'N 

15'N 

55° N 

45'N 

OVE 11°E 20'E 

Pig. 9.5.1. The coasts of the Great Belt. Locations for measure­

ments of the background radiation. 
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Table 9.5.1« TLD-Masureænts of the back-

qround radiation (nit h"1 ) along the coasts 

of the Great Belt and Lanqeland Belt in 

1979/80 

Location Winter 
1979/80 

Sumaer 
1980 

Mean 

IRasnas 

Reers* 

Svendstrup 

Frederiksdal 

Vesternas 

Kelds Nor 

Tranekar 

Hov 

Fyns Hoved 

Knuds Hoved 

7.4 

8.5 

7.6 

8.7 

8.4 

9.3 

8.6 

7.2 

7.8 

8.1 

7.3 

8.4 

7.5 

8.6 

8.4 

9.1 

8.5 

7.4 

8.0 

8.3 

7.4 

8.5 

7.6 

8.7 

8.4 

9.2 

8.6 

7.3 

7.9 

8.2 

Mean 4.2 8.2 8.2 

9.6. The Baltic island, Bornholm 

Locations on the island of Bornholm have been monitored with 

TLD's in the period November 1979-June 1980. The results and 

locations are shown in Table 9.6.1 and fig. 9.6.1, respectively. 

Table 9.6.1. TLD-measuremAnts of the 

background radiation on the island 

Bornholm in 1979/80 

Location Nov 1979-June 1930 

9.1 

7.4 

8.7 

14.3 

Mean 9.9 
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55°20'N 

55°00'N 

10 0 

I 3 ^ 
P # 

10 20 km 

2 \ 

U°30'E 15°00'E 15°30'E 
Fiq. 9.6.1. Locations for measurements on Bornholm. 

9.7. Discussion 

The reported results are in reasonable agreement with those ob­

tained in 1979. 
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10. CONCLUSION 

10.1. Environmental monitoring at Rise, Barseback and Ringhals 

No radioactive contamination of the environment originating from 

the operation of the research establishment was ascertained out­

side Risø in 1980. 

Benthic brown algae, mussels and fish collected at the Swedish 

nuclear plants at Barseback and Ringhals were analysed for radio­

active pollution. Transfer factors from releases of various ra­

dionuclides to Fucus were calculated. The radioactive contamina­

tion of the marine environment due to the operation of the Swedish 

nuclear power plants resulted into doses of less than 5 ySv per 

year to any individual eating 20 kg mussel and 100 kg fish per 

year. 

10.2. Nuclear-weapon debris in the abiotic environment 

The mean content of 90Sr in air collected in 1980 was 9.9 uBq 

m~3 (0.27 fCi 90Sr m ~ 3 ) , i.e. approximately 0.7 times the 1979 

level. The average fallout at the State experimental farms in 

1980 was 4.3 Bq 90sr m~2 (0.12 mCi 90 S r km"
2) or 0.7 times the 

1979 figure, and the mean concentration of 90Sr in rain water 

was 5.6 Bq 90Sr m-3 (0.15 pCi 90 S r l"
1)-

By the end of 1980 the accumulated fallout was approximately 

1750 Bq 90Sr m"2 (47 mCi 90Sr km - 2). The corresponding 137Cs 

was estimated at 2800 Bq m~2. 

In agreement with the greater precipitation in that part of the 

country, fallout levels in Jutland were 25-50% higher than levels 

found in eastern Denmark. 
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The median level of 90Sr in Danish ground water was 0.14 Bq m"3 

(4 fCi 90sr l - 1). Lake water showed a countrywide mean level of 

4.9 Bq 137cs m"3 (0.135 pCi 13?Cs l"1). 

Inner Danish surface waters (salinity 16 o/oo) contained 23 Bq 
90sr m~3 (0.6 pCi 90Sr i-1} a n d 43 Bq 137Cs m-3 (1.2 pCi ^ C s 

1-M. 

10.3. Fallout nuclides in the human diet 

The mean level of 90Sr in Danish milk was 106 Bq (kg Ca)"1 (2.9 

S.U.), and the mean content of 137Cs was approximately 111 Bq 

nr3 (3.0 pCi 13?Cs 1-1). 

The 1980 90Sr and *37cs levels were 1.0 and 0.6 times respec­

tively the levels found in milk produced in 1979. 

The 90gr mean content in grain from the 1980 hardest was 0.84 Bq 

kg-1 (23 pCi 90Sr kg-1). The 137cs mean content in grain was 0.28 

Bq kg"1 (7.5 pCi 137Cs kg"
1). The 9nSr level in grain from the 

1980 harvest was equal to the level found in the 1979 harvest, 

and 137cs was 0.75 times the 1979 level. 

The mean contents of 9nSr and 13?Cs in Danish vegetables col­

lected in 1980 were 0.34 Bq 90Sr kg'* (9.2 pCi kg-1) end 0.084 Bq 
137Cs kg"1 (23 pCi kg"1), respectively, and in fruit 0.044 Bq 

90Sr Kg"
1 (1.2 pCi kg"1) and 0.045 Bq 13?Cs kg"1 (1.2 pCi kg"1); 

potatoes contained 0.083 Bq 90Sr kg"1 (2.2 pCi kg-1) and 0.077 Bq 
137cs kg"1 (2.1 pCi kg"1). 

The mean levels of 90gr and
 137cs in total-diet samples collected 

in 1980 were 157 Bq 90Sr (kg Ca)
_1 (4.2 S.U.) and 91 Bq 137cs (kg 

K)"1 (2.46 M.U.), respectively. Prom analyses of the individual 

diet components, the 90sr level in the Danish average diet was 

estimated to be 142 Bq 90Sr (kg Ca)"1 (3.8 S.U.) and the 137Cs 

level to be 104 Bq 137cs (kg K)"
1 (2.8 M.U.). The levels of 137cs 

in the Danish total diet consumed in 1980 were 25% lower than the 

levels observed in 1979, while the 90sr contend was nearly un­

changed . 
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Grain products contributed 33% and milk products 35% to the total 
90Sr intake; 14% of the *37Cs in the diet originated from grain 

products, 22% from meat, and 13% from milk products. Fish con­

tributed with 35% to the 137Cs diet intake, of this 90% were es­

timated to be due to radiocesium from Windscale. 

Both 9nSr and ^37Cs diet levels were on the average higher in 

Jutland than in eastern Denmark. 

10.4. Strontium-90 and Cesium-137 in humans 

The 90gr mean content in human bone (vertebrae) collected in 1980 

was about 30 Bq (kg Ca)"1 (1.1 S.U.). 

Whole-body measurements of 137Cs have been suspended due to the 

low ^37Cs concentrations in man. The estimated level in 1980 was 

190 Bq 137Cs (kg K ) _ 1 (5 pCi 137Cs (g K) _ 1). 

10.5. Tritium in environmental samples 

Tritium levels varied between 4.3 and 113 kBq m~3 in rain water 

and between 0.56 and 11.8 kBq m-3 in ground water. The tritium 

concentration in sea water varied inversely as the salinity, 

16 o/oo sea water contained 8.4 kBq m~3. 

10.6. Plutonium in environmental samples 

Plutonium and americium were determined in sea water, sediments, 

fucoids and mussels collected at five locations in inner Danish 

waters. The mean concentrations were: surface sea water 6.7 yBq 

239,240Pu i-1 (0.18 fCi l"
1)/ bottom water: 14 wBq l"1 (0.39 fCi 

1~1) (241^m/239,240pu = o.15); the mean deposition in sediments 

was 56 Bq 239,240pu m-2 (1,= nCi m~2) and the 241^m level was one 

third of this. 
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10.7. Background radiation 

The average total background exposure rate measured with TLD's at 

the Stace experimental farms was 7.5 pR h""K The average terres­

trial background exposure rate measured with a Nal(Tl) detector 

at the State experimental farms was 4.0 pR h~1. These results are 

in accordance with those observed in 1979. 
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Appendix A. Calculated fallout in Denmark in 1980 

Zone ram Bq 90Sr m~2 

precipitation in 1980 
in 1980 

Accumulated 
Bq 50 S r m-5 

by the end of 
1980 

Is 

II: 

III: 

IV: 

N. 

E. 

W. 

S. 

Jutland 

Jutland 

Jutland 

Jutland 

912 

(970) 
4.87 1949 

V: Punen 

VI: Zealand 

VII: Lolland-Falster 

779 
(697) 

3.63 1555 

VIII: Bornholm 779 
(812) 4.41 

Area-weighted mean 809 
(830) 4.2 1700 

The amounts of precipitation were obtained from ref. 9. The 90Sr 

deposition was estimated from 4.2 and appendix 0. 

The precipitations in brackets were the mean of values measured 

by the Meteorological Institute at the State experimental farms: 

Jutland: Tylstrup, Ødum, Studsgård, Askov, St. Jyndevad; 

The Islands: Blangstedqård, Tystofte, Ledreborq, Abed; 

Bornholm: Åkirkeby. 



Appendix B. Statistical information 

Zone Area in Population Annual milk Annual wheat Annual rye Annual potato vegetable 
km2 in production production production production area 

thousands in mega-kg in mega-kg in mega-kg in mega-kg in km2 

15) 1971 28) 1976 14) 1971 13) 1972 13) 1972 13) 1972 13) 1972 

Is H. Jutland 6,171 471 911 

II: E. Jutland 7,561 881 1,258 
145 155 609 14 

III: H. Jutland 12,104 687 926 

IV: S. Jutland 3,929 245 572 

V: Funen 3,486 446 393 

VI: Zealand 7,435 2,165* 395 

VII: Lolland-Falster 1,795 123 68 448 71 100 73 

VIII: Bornholm 588 47 39 

Total 43,069 5,065 4,562 593 226 709 87 

*1,270,000 people were living in Greater Copenhagen and 895,000 in the remaining part of Zealand. 
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APPENDIX C 

The mean ratio between observed and predicted values was 1.22± 

0.52 (1 S.D.) for 90Sr and 1.15+0.43 for 137Cs. In general, the 

prediction models underestimated the levels in 1980. 

For the calculation of the 137Cs levels we have assumed the 

^7Cs/9uSr ratio equal to 1.6. This may as is suggested from 

Tables 4.2.4 and 4.2.5 have overestimated the 137Cs deposition 

in 1980, on the other hand, it may have underestimated it for 

the previous years^). 



- 141 -

appendix C.I. Coaparison between observed and predicted *°*» levels in envin tal les 

collected in 

Saaple 

Dried milk' 

t> m 

•ye 

m 

-tarlty 

m 

Hheat 

m 

Ottts 

n 

Rye bread 

Whit« bread 

Potatoes 

n 

Cabbage 

• 

Carrot 

n 

Apples 

Pork* 

Beef* 

Eggs 

Total diet C 

m n p 

Kuaan bone > 

1980 

29 yr 

Whole year grass 

Pucus vesiculosua 

Zostara marina 

Ground water 

Location 

Jutland 

Islands 

Jutland 

Islands 

Jutland 

Islands 

Jutland 

Islands 

Jutland 

Islands 

Denaark 

m 

Jutland 

Islands 

Jutland 

Islands 

Jutland 

Islands 

Denaark 

* 

M 

m 

m 

m 

m 

Islands 

« 

» 

Denaark 

»q 

*i 

•q 

Bq 

unit 

*°Sr (kg Ca)"' 

» •* — 

*>Sr kg"' 

- - -

- - -

• * _ 

- - -

• "> _ 

— " — 

— * «r. 

— * —, 

— •» —. 

«• •» • 

— • ~ 

— •• — 

— " «• 

90sr (kg Ca)"1 

m W „, 

— •» — 

_ *• _ 

• •* • 

— •• — 

»°Sr a-3 

Observed 

128 

»5 

1.00 

0.39 

1.02 

0.71 

1.22 

0.57 

1.08 

0.79 

0.66 

0.159 

0.106 

0.059 

0.60 

0.30 

0.56 

0.42 

0.034 

0.006 

0.020 

0.014 

157 

MA 

33 

1080 

393 

70 

0.44 

Predicted 

137 

65 

0.55 

0.178 

0.75 

0.33 

0.74 

0.33 

1.54 

0.73 

0.42 

0.14 

0.112 

0.100 

0.35 

0.30 

0.60 

0.24 

0.018 

0.029 

0.039 

0.0178 

170 

147 

43.7 

576 

497 

84 

0.38 

Obs./pred. 

0.9: 

1.31 

1.82 

2.18 

1.36 

2.15 

1.65 

1.73 

0.70 

1.08 

1.57 

1.14 

0.95 

0.59 

1.71 

1.00 

0.93 

1.77 

1.89 

0.21 

0.51 

0.79 

0.92 

0.97 

0.76 

1.88 

0.79 

0.83 

1.16 

Nedel in 
reference (21) 

C.3.2.1 Ho. 1 

- - - Ho. I 

C.2.2.1 M B . 1 

- - - He. 3 

- * - Ho. 4 

- - - Ho. 6 

- - - Ho. 8 

- - - Me. 10 

- - - Ho. 12 

- W - Ho. 13 

C.2.3.1 *s. 1 

- - - He- 2 

C.2.S.1 Mo. 8 

- - - Mo. 10 

- » - Ho. 1 

- - - Mo- 3 

- - - No. 5 

- * - Mb. 6 

- - - Mo. 13 

C.J.4.1 Ho. 3 

- " - Mo. 1 

C.3.6.1 Mo. 6 

C.4.2.1 No. 1 

- " - Mo. 7 

C.4.3.1 Mo. 13 

C.2.4.1 No. 1 

C.2.7.1 Mo. 3 

- " - No. 1 

C.1.4.1 Mo. 1 

•Hay 1980 - April 1981 ("milk year" (21)). 
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c.*. • a * »c*4ict«« ,1TC» l«*»ls i* i>»iT«—»tal i « f U > 

coAlocf*1 i a 19M 

UCMiM n u t OhwmM fr«4ict«4 Ofc*./»r*4. Modal in 
rvfaranc* (21) 

aria« a i ik* JWtlaaé •« 1>7Cs Iky KI­

K I 

Jat laM 137, rCs * • " 

r l a * JvtUa« 

Jotland 

U l a a é i 

ark 

Carrot 

Total «U«t c 

- " » 

•q 'J7C» lk« Kl" 

• 1 

1 1 

0 . ) 7 

0 . 2 * 

0.J0 

• .22 

0.32 

0.17 

0.17 

0 .21 

0 . 1 ) 

o.too 

0.127 

0.027 

0 .1 )4 

0.040 

0.045 

3.3« 

0 . M 

0.02« 

« j * * 

7 I . * « * 

0 9 

40 

0.44 

0.22 

0.2« 

0.1S 

0.30 

0 . 1 ) 

0.24 

9.14 

0.47 

0.155 

3 .15) 

0.019 

0.174 

0.020 

0.045 

0 . ) 0 

0.2« 

0 .0 )9 

52.5 

70.9 

1.17 

0.01 

0.M 

1.)) 

1.09 

1.50 

1.00 

1.M 

1.52 

1.49 

0.70 

0.05 

0.OJ 

0.70 

0.77 

2.50 

1.00 

1.27 

1.4« 

0.72 

1.20 

1.01 

C. 1.2.2 Ho. 1 

- - - HO. ) 

C.2.2.4 No. 2 

- " - »o. ) 

- " - »o. 4 

- - - »o. 5 

- " - KO. « 

- * - Ko. 7 

- - - KO. • 

- " - KO. 9 

C.2.3.1 KO. 4 

- - - KO. 5 

C.2.5.3 KO. 5 

- - - KO. 7 

- " - KO. 1 

- - - KO. ) 

- " - KO. 11 

C.).4.2 HO. ) 

- " - KO. 1 

C.).«.2 KO. « 

C.4.2.2 KO. 1 

- - - Ko. 6 

• (cf. net* to aaacacUa Cl) 

**Bccla»iv* contribution of n 7C« fro« Minavcala. ()0% Mindacal«, 70% fallout) 



- 143 -

APPENDIX D 

dj: 

Annual fallout rate in mCi 90Sr km"2 y-1. 

Accumulated fallout by the end of the year (i) assuming effective 

half-lives of 9°Sr of 27.7 y. Unit: mCi 90Sr km-2. 

di(Hay-Aug) a n d di(July-Aug): 

The fallout rates in the periods: Nay-Aug and July-Aug, respective­

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

The fallout rate (dj) was based on precipitation data collected 

for all Denmark in the period 1962-1980 (cf. Table 4.2.1')). 

Before 1962 the levels in the tables were estimated from the HASL 

data for New York (HASL Appendix 291, 1975)29) considering that 

the mean ratio between 90Sr fallout in Denmark and New York was 

0.7 in the period 1962-1974. 

The dj(May_AUg) and d}(juiy_AUg) values were also obtained from 

Table 4.2.11) for the period 1962-1980. For the years 1959-1961 

the values were calculated from data obtained from 90Sr analysis 

of air (1959) and precipitation samples (1962 and 1961) collected 

at Risø. Before 1959, the values were estimated from the corre­

sponding åi values assuming that the ratios dj(May_AUg)/di and 
di(July-Aug)/di 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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Appendix D. Fallout rates and accumulated f a l l o u t (mCi 9 0 S r km - 2 ) in Denmark 1950-1980 

Denmark J u t l a n d I s l a n d s 

rti * i<27 .7 ) d i Ai{27.7) d i A i (27 .7 ) 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

19 78 

1979 

1980 

0.021 

0.101 

0.198 

0.500 

1.901 

2.501 

3.101 

3.101 

4. JO* 

6.102 

1.140 

1.481 

7.428 

16.695 

10.412 

3.954 

2.145 

1.047 

1.403 

1.035 

1.647 

1.506 

0.435 

0.192 

0.710 

0.414 

0.103 

0.384 

0.463 

0.166 

0.116 

0.020 

0.118 

0.309 

0.789 

2.623 

4.997 

7.898 

10.728 

14.658 

20.247 

20.859 

2*.. 787 

28.493 

44.071 

53.136 

55.679 

56.395 

56.023 

56.006 

55.632 

55.863 

55.951 

54.993 

53.821 

53.183 

52.272 

51.082 

50.204 

49.426 

48.379 

47.307 

0.022 

0.114 

0.224 

0.566 

2.152 

2.831 

3.510 

3.510 

4.869 

6.908 

1.291 

1.676 

7.976 

18.453 

11.685 

4.204 

2.166 

1.176 

1.568 

1.241 

1.993 

1.726 

0.457 

0.215 

0.779 

0.452 

0.116 

0.405 

0.538 

0.174 

0.140 

0.021 

0.132 

0.347 

0.891 

2.967 

5.655 

8.939 

12.142 

16.591 

22.918 

23.610 

24.661 

31.830 

49.041 

59.225 

61.861 

62.445 

62.048 

62.04S 

61.721 

62.140 

62.288 

61.194 

59.891 

59.171 

58.150 

56.826 

55.827 

54.985 

53.810 

52.628 

0.020 

0.088 

0.172 

0.434 

1.650 

2.171 

2.692 

2.692 

3.734 

5.297 

0.990 

1.285 

6.880 

14.937 

9.139 

3.704 

2.124 

0.918 

1.237 

0.829 

1.301 

1.286 

0.413 

0.168 

0.643 

0.376 

0.090 

0.362 

0.388 

0.156 

0.095 

0.020 

0.105 

0.270 

0.687 

2.279 

4.340 

6.858 

9.313 

12.725 

17.576 

18.107 

18.913 

25.155 

39.101 

47.048 

49.497 

50.345 

49.997 

49.968 

49.542 

49.586 

49.615 

48.792 

47.750 

47.197 

46.397 

45.339 

44.581 

43.867 

42.947 

41.988 
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Oenaark Jutland I s lands 

(Hay-Aug) diiJuly-Aug) di(May-Aug) d i(July-Aug) di(Itay-Aug) d i (July-Aug) 

0.01 

0 .05 

0 .11 

0 .27 

1.03 

1.35 

1.67 

1.«7 

2 .32 

2 .50 

0 .47 

0 .66 

4.223 

9.965 

6.235 

2.029 

1.049 

0.367 

0 .841 

0.614 

0.90« 

0.992 

0.253 

0.075 

0.421 

0.159 

0.032 

0.17S 

0.232 

0.066 

0.063 

0.01 

C.02 

0.05 

0.12 

0.46 

0.60 

0.74 

0.74 

1.03 

0.68 

0.31 

0.47 

1.657 

5.629 

2.566 

0.850 

0.418 

0.141 

0.426 

0.276 

0.547 

0.405 

0.084 

0.033 

0.190 

0.075 

0.010 

0.107 

0.096 

0.030 

0.027 

0.01 

0.06 

0.12 

(J.31 

1.16 

1.53 

1.90 

1.90 

2.63 

2.76 

0.52 

0.73 

4.566 

10.753 

7.170 

2.094 

0.984 

0.380 

0.910 

0.723 

1.076 

1.154 

0.262 

0.093 

0.463 

0.179 

0.032 

0.164 

0.275 

0.087 

0.079 

0.01 

0.03 

0.05 

0.14 

0.52 

U.68 

0.84 

0.84 

1.17 

0.75 

0.34 

0.52 

2.052 

5.932 

2.910 

0.852 

0.496 

0.134 

0.460 

0.319 

0.632 

0.516 

0.084 

0.039 

0.219 

0.091 

0.011 

0.085 

0.098 

0.031 

0.031 

0 .01 

0.05 

0.09 

0 .23 

0 .89 

1.17 

1.45 

1.45 

2 .02 

2.24 

0 .42 

0 .59 

3.880 

9.177 

5.299 

1.964 

1.114 

0.354 

0.786 

0.505 

0.740 

0.830 

0.244 

0 .057 

0.378 

0.157 

0.032 

0.190 

0.186 

0.084 

0.047 

0 .01 

0.02 

0.04 

0.10 

0.40 

0.52 

0.65 

0.65 

0 .90 

0.61 

0.28 

0.42 

1.662 

5.327 

2.226 

0.848 

0.340 

0 .148 

0 .392 

0 .233 

0.462 

0.294 

0.084 

0 .027 

0.162 

0.060 

0 .009 

0 .129 

0 .093 

0 .029 

0.022 
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