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Environmental Radioactivity in Denmark in 1976

by

A. Aarkrog and J. Lippert

Ris¢ National Laboratory
Health Physics Department

Abstract

The present report deals with the measurement of fall-out
radioactivity in Denmark in 1976. Strontium-90 was determined
in samples from all over the country of precipitation, soil,
ground water, sea water, grass, dried milk, fresh milk, grain,
bread, potatoes, vegetables, fruit, total diet, and human bone.
Furthermore, 9°Sr was determined in local samples of air, rain
water, grass, sea plants, fish, and meat. Caesium-137 wag de-
termined in soil, sea water, milk, grain products, potatoes,
vegetables, fruit, total diet, fish, and meat. It was also
measured by wholebody-counting of a control group at Risg¢.
Estimates of the mean contents of radiostrontium and radio-
caesium in the human diet in Denmark during 1976 are given.

The y-background was measured regularly at locations around
Risg, and ten of the State experimental farms, The marine
environments at Barsebdck and Ringhals were monitored for
and corrosion products. Pinally the report includes routine
surveys of environmental samples from the Risg area. Results
of plutonium determinations in soil and sediments from 1975 and
in grain from 1963 and 1965 are presented in this report.
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fCi

pci
aCi

c/min

c/h
R
S.0.
O.R.
R.U.

U.C.L.
L.C.L.
[
8.8.D.
£

s2

fission products

femtocurie 10 1% ci

picocurie, 10 12 ¢, upcs
nanocurie, 10”7 Ci, myCi
millicurie, 1073 ci

maximum permissible comcentration
counts per minute
disintegrations per minute
counts per hour

micro-roentgen, 10~® roentgen
pci %sr/q ca

observed ratio

pCi 137c' /g9 X
vertebrae
male

female

natural (stable) Sr

sea wvater
soil

air

bed soil
eel

grass

sea plants
drain water
vaste water
precipitation
milk

equivalents ug uranium: activity as from 1 ug U

(~90 d/h)

equivalents mg KC1l: activity as from 1 mg KCl

(~0.88. d/min)

/T (i-xi) 2
standard deviation: — -1y

standard error: ¢/ -1y

ni{n-
upper control level
lower control level

one standard deviation due to counting

sum of squares of deviation: l:(i-xi)2

degrees of freedom
variance
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ratio between the variance in guestion 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 (? > 95%),

** : significant (P > 99%).
®9%: highly significant (P > 99.9%)






1. INTRODUCTION

1.1,

The present report is the twentieth of a series of periodic
reports (cf. ref. 1) dealing with measurements of radioactivity
in Denmark. The programme is unchanged as comparecd with 1975,
but some samples (dried milk, grain, bread, vegetables and fruit)
have due to low levels been pooled before analysis.

1.2,

The methods of radiochemical analysis® %) and the statisti-
cal treatment of the resultss) are still based on the principles

established in previous rcportsl).

1’ 3.

The report does not include detailed tables of the total
f-measurements from the envirommental control of the Riseg site.
These tables are available in the form of microcards at the Rise
library.

1.4.

The report contains no information on sample collection
and analysis except in the cases where these procedures have
been altered.

1.5,

In 1976 the personnel of the Environmental Control Section
of the Health Physics Department consisted of one chemist, ten
laboratory technicians, two sample collecters, and two labora-
tory assistants. The Section for Electronics Development con-
tinued to give assistance in the maintenance of the counting
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eguipment and in the interpretation of the y-spectra. The
program (cf. 2) uduthulculatimot”nnﬂmy-
amalysis, as wesll as the progr:a for data treatment, were
developed by this sactioa.

1.6.

The composition of the average Danish diet used in this
report is {demntical with that proposed in 1962 by Professor
R. Boff-Jergyensen, Ph.D.
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2. ORGANIZATION AND FACILITIES!’S:7:8)

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

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

Isotope (or code for y-background, etc.)

Sampling date

Sample type

Sampling location

Quality of measurement (relative standard deviation)
Unit of results

followed by:

Number of results
Results.

Routines for treatment of y-spectra and for calculations
on empirical prediction models (app. C) has been included in
programme.

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

3.1. Gross B-Activity

3.1.1. Sea Water

Fig. 3.1.1.1 shows the sample locations in Roskilde Fijord.
Fig. 3.1.1.2 shows the control chart for H I. The yearly mean
for H I in 1976 was 58 eqv. mg KC1/2.5 g (in 1975: 56), for
H III-VI: 55 eqv. mg KC1/2.5 g (in 1975: 53) and for H VII-X:
55 eqv. mg KC1/2.5 g (in 1975: 54). Fig. 3.1.1.3 shows the
mean levels of radioactivity in sea salt since 1957.

Fig., 3.1.1.1. Roskilde Fjord.



401

304

104

-13 -

eqv. mg KCl/ 25 g sait

o

Fig

JEFEMAM I JTAS O ND

. 3.1.1.2,

3.1.2, Soil

Control chart for HI, 1976.
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Pig. 3.1.1.3. Mean radioactivity
in sea water 1957-76.

No soil samples from the environment of Risg were measured
for total f-activity in 1976.
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Fig. 3.1.2.1. Ris¢ National Laboratory.

3.1.3. Air

Fig. 3.1.3.1 shows the diagram for FP activity in air
samples in 1976. The mean value for the year was 0.15 eqv. mg
KCl/rn3 as compared with 0.18 eqv. mg l(Cl/m3 in 1975.

Fig. 3.1.3.2 ghows the mean FP levels in air since 1957.
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- 16 -
3.1.4. Bed Soil from the Fjord

The mean activity in bed soil B I was 136.5 eqv. mg KCl/
3.0 g ash in 1976 as compared with 143 eqv. mg KC1/3.0 g in 1975.
Fig. 3.1.4.1 shows the mean levels for B I since 1957 (cf. also
3.4). )

W | cxmgitfy o oan

FTOINIROUGBESTaON T RNR BN
81!
Fig. 3.1.4.1. Nean radioactivity in bad soil, 1957-76¢.

3.1.5. Pish

No fish samples from Roskilde Fjord were measured for total
B-activity in 1976.

3.1.6. Grass

The mean values were in 1976 for PG I: 15 eqv. mg KC1/0.1
g grass ash (in 1975: 14), for PG II-III: 20 eqv. mg KC1/0.1 g
(in 1975: 11) and for PG IV~V: 10 eqv. mg KC1/0.1 g (in 1975: 7).
Pig. 3.1.6.1 shows the mean activities in grass ash since 1957.
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Fig. 3.1.6.1. Mean PP-radiocactivity in grass ash, 1967-76.

3.1.7. Sea Plants

The mean FP level in 1976 in Pucus vesicolosus (PH I) was
2 eqv. mg KC1/0.1 g ash (2 in 1975). 1In Zostera marina (PH III-
IX) we found 2 egv. mg KC1/0.1 g ash in 1976 (1 in 1975).

3.1.8. PFresh Water

Fig. 3.1.8.1 shows the control chart for 8 (cf. fig.3.1.2.).
The yearly means for D I, D II, D IV, and S in 1976 were 17 eqv.
mg KC1/1 (1975: 18), 19 egv. mg KC1/1 (1975: 14), 42 eqv. mg
KC1/1 (1975: 55), and 46 egv. mg KC1/1 (1975: 35) respectively.
Fig. 3.1.8.2 shows the activity in drainage water (D) and sewage
water (S).
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3.1.9. Rain Water

Pigs. 3.1.9.1 and 3.1.9.2 shov the specific FP level in and
the total fall-out from rain water collected daily at Risg in
1 n? rain collector in 1976. The total fall-out in 1976 was
measured at 0.014 - 10° eqv. mg l:cuhz. and the annual mean ccn-
centration in rain water at Risg wvas 42 eqv. mg KC1/1. 1In 1975
the corresponding figures were 0.008 * 10° and 18 respectively.

Fig. 3.1.9.3 shous the specific activity in rain wvater since
1957.

Pig. 3.1.9.1. Concentration of @#-activity in precipitation in 197¢.
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Fig. 3.1.9.3. Specific activity in precipitation, 1957-76.
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3.2. Radiochemical 8-Analysis

3.2.1. Air

The "big air sampler” described in Ris¢ Report No. 231) has
a shunt through which the air volume is determined. As in
previous years, both the shunt filter (I) and aliquots cut out
of the main filter (II) were analysed to see whether activity
levels were identical in the two filters. As I/II = 1.14 bt 0.08
(1 SE), we still concluded that the two filters showed the same
levels. The mean air activity level for 1976 is reported as the
mean of the glass-fibre filter collection and the daily paper
filter sampling: 0.21 ¥ 0.07 pci ?%r/103 w3, i.e. a guarter of
the 1975 level. The mean peak activity of the three collections
in 1976 was measured in June at 0.39 pCi °sr/103 m3.

Fig. 3.2.1.1 shows the 903: levels in air since 1957.

Table 3.2.1.2 shows the presence of fresh falli-out from a
Chinese atmospheric explosion on 26 September 1977. The cor-
rected ratios indicate a 89Sr/905r at formation in the range of
145-185, i.e. equal to the expected value.

Y e L L

-

§ -

o1

TR T A T AT T & TR TR T I R TR TR TEME TR T S AT S
$7°50 50 80 61 62 63 S 05 66 67 6 80 0O TN 71 73 R B B

Pig. 3.2.1.1. Quarterly 905: levels in air, 1957-76.
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Table 3.2.1.1

Strontium-90 in #ir collected at Rise in 1976

pci Vsr 1073073
Daily air filters Monthly air filters
Month (glass-fibre filters)
Paper I II
Jan 0.165 0.102 0.083
Feb 0.205 0.162 0.122
March 0.193 0.223 0.125
April 0.189 0,180 0.173
May 0,297 0.377 0,359
June 0.318 0.417 0.423
July 0.250 0.416 0,344
Aug 0.197 0.275 0.198
Sept 0.122 0.099 A 0.110
Oct 0.204 0.158 0.158
Nov 0.194 0.188 0.184 A
Dec 0.124 0.090 0.129
1976 0,205 0.224 0.201

I: the normally used shunt filters.

II: aliquots cut out of the main filters also

used for

137

Cs determinaticn (cf. table 3.3.1).

Table 3,2,1.2

Ratio 89s:/905r in air collected at Risgp in 1976

Ratios corrected

Month Daily paper air filters 90
for old " Sr*

Oct 70 100

Nov 49 72

Dec 29 57

*The old 908: in Oct-Dec 1976 was empirically
estimated to 50% of tha Sept level, This was
the ratio observed in 1975%.
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3.2.2. Grass

Table 3.2.2 shows the USr content in grass ash from Zealand
in 1976. The mean °Sr activity was 1.6 pCi 2%sr/g ash or 25
S.U. as compared with 2.6 pCi/g ash or 44 S.U. in 1975, i.e. the
1976 level was 0.6 times the 1975 level. FPig. 3.2.2.1 shows the
905y concentration in grass since 1957 and fig. 3.2.2.2 shows
the predicted levels (cf. Appendix C) compared with the measured.

wo) o6 g, 7gash

S0+

7 58 59 60 61 62 63 & 65 O 67 ¢ 6 0 N N N X B W

Pig. 3.2.2.1. Quarterly ’OSr levels in grass, 1957-76.

Table 3,2.2
Strontium=-90 in grass from Zealand, 1976

pci %r (g asn)”?! pci 2%y (g ca)”}
Jan=March 1.46 21.4
April=June 1.46 2%.6
July-Sept 1,83 25,9
Oct=Dec 1.83 25.2
Mean 1,64 24.9
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24

v v

Pig. 3.2.2.2.

Tealand.

Sea Plants

—

p———

A comparison between observed (: 1 S.L.) and
calculated (curve, cf. appendix C) $.U. levels ia grass from

The level in Pucus

Pig. 3.2.3 shows the S.U. levels in sea plants since 1959
and table 3.2.3 the results for 1976.

vesicolosus was 22.5 pCi ,°Sr/g Ca, and in Zostera marina 2.5

pci Osr/g ca.

Table 3.2.)
strontium-90 in sea plants from Roskilde Fjord in 1976
month | Locaticn Species pci P9sr (g car”! | et s (g asmy”
July I Fucus vesicolosus 10.2 0.72
Nov 3 fucus vesicolosuws 34.8 0.%94
June 11z fostera marina 2.4 0.26
Nov 111 fostera marina 3.1 0.25
July X fostera marina 1.9 0.076¢
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Fig. 3.2.3. Strontium-90 in sea plants from Rosh.lde Fjord, 1959-76.

3.2.4. Rain Water

Table 3.2.4.2 shows the quarterly radiostrontium levels in
rain water collected in ion exchange columns at Risg in 1976.
The total 2%sr fall-out in 1976 was 0.04 mci 2°Sr/km? (237 mm
precipitation), and the mean concentration in the rain water was
0.17 pci 2%r/1. 1In 1975 we measured 0.27 mCi 29Sr/km? (477 mm
precipitation) and 0.56 pCi 90Sr/l, i.e. the 1976 9OSr concen~-
trations were 0.3 times the 1975 figures. The deposition values
in 1976 were probably too low due to incomplete sampling of the
rain water; the precipitation measured by the ion exchange
columns was thus nearly a factor of two too low in 1976.
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Fig. 3.2.4.1. Quarterly °'sr levels in precipitation, 1959-76.

Table 3.2.4.1

Strontim=90 in rain water collected in ion-exchange
column collectors at Risg in 1976 (sampling area 0.325 m?)

Month o pci %r 171 ] mer sr km™?2 | 895r/%0sy
Jan-March 48 0.157 0.0075
April=June 64 0.175 0.0111
July-sSept 63 0.126 0.0080 32
Oct-Dec 62 0.224 0.0140 9,6 B
1976 I 237 % 0.171 £ 0,0406
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3.2.5. Milk from a Farm near Ris¢

The Chinese test explosion on 26 September 1976 resulted in
a temporary contamination of cows' milk by 1311. The time-
integrateua level was approx. 200 pCi 1311 days, corresponding to
a dose of 2 mrad to the infant thyroidzl).

Table 3.2.5

Iodine~131 in milk from Rise® in 1976

Date pei 1311 31
Oct. 13 12.5
Oct. 15 5.9

. Oct. 20 22.6:0.8
oct. 22 22.8:0.8
Oct. 25 7.4

*The milk was obtained
from the milk-producing
farm nearest to Rise.

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

As in 1962-1975, samples of air were collected twice a weak
by means of the air sampler described in Risg Report No. 231).
The filters were measured on a 30 cm3 Ge (L1) detectora). Table
3.3.1 shows the monthly means of the 137Cs determinations. The
peak value was observed in May. The mean level in 1976 was a
third of the 1975 mean. The 137Cs/gOSr mean ratio in air filter
was 2.1 in 1976.

Debris from the Chinese atmospheric nuclear test explosion
on 26 September 1976 appeared in ground-level air collected at
Risg ten days after the explosion. The short-lived nuclides
were followed in air filters until the end of November (fig.
3.3.2). The mean ratios (corrected for decay to 26 September
between short-lived radionuclides measured in air samples were
compatible with those expected" (table 3.3.4). Some ratios,
however, showed an evident time trend: 1311/“°Ba, 141Ce/1°3Ru
and 952r/1°3Ru thus decreased with time, while 14OBa/QSZr and
141Ce/952r increased. This may indicate that the fresh fall-out
from the explosion was enriched in 952r and depleted in 14°Ba
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Table 3.35.1

Caesium=-137 in glass-fibre air filters ccllected

twice a week at Rise in 1976

pCi i 37Cl /103-3

Month

Jan. 0.25:0.04
Feb. 0.33:0.03
March 0.34:C.03
April 0.41:0.06
May 0.64:0.06
June 0.6120.05
July 0.56:0.10
Aug, 0.42:0.03
Sept. 0.27:0.04
Oct 0.48:0.14
Nov 0.47:0.08
Dec 0.25:0.03
1976 0.42

The error term is the S.E.
the activity found in 8 or 9 filters
collected during a month.

of the mean of

Table 3.3,2

3

(unit £Ci m °)

Short-lived nuclides in ground-level air samples collected at Ris¢ in 1976

Activity referred to the middle of the sampling period

Nuclide Collected Collected Collected Collected Collected
oct 4=0ct 7 | Oct 7=Oct 11} Oct 11-Oct 14 Oct 14-Oct 18| Oct 18-Oct 21
144, - 7.0 8.7 3.7 6.1
MUlc, 4.0 29 40 9.4 15
237 1.0 2.7 2.1 - -
239, 19 56 27 - -
140, 11:1 6027 98212 18:2 2613
131, 8.6 25 30 6.8 8.8
"Be 100 130 78 50 105
1030y 2.8 10 29 6.2 8.5
1065, 1.2 5.6 6.2 2.6 2.1
140g, 8.7 43 75 14 21
132, 5,220.5 15.320.2 13:1 1.920.1 -
e 2.9 2022 4024 8.611 1522
up 0.9 6.0 1.5 3.4 6.6
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Table 3.3.3

Short-lived radionuclides in precipitation samples collected at Ris¢ in 1976

(activity at time of collection)

Collected Oct 5-7 | Collected Oct 15 | Collected Oct 17
pci 17| pes 72| pei 17| pes w72 | poi 17 | pes w2

44, - - 2.0 38 - -
1., 2.4 47 3.2 61 9.4 110
140, , 1411 280:20 15:2 | 290240 41:5 490:60
131, 37 730 1 210 21 250
The 15 300 17 320 a7 560
10340 .8 170 9.8 190 n 130
106, 2.7 55 3.8 7 5.7 1
1404, 22 430 10 340 Q 500
952r 3.5:3.1 | 7022 4.1:0.4] 78:8 5.7:1.1  €9:15
93y, 0.8 15 1.3 25 3.0 36
The samples were collected by msans of a 1 lz rain collector
{(3.1.9), and before Ge~y-spectroscopy the rain water was
ion-exchanged on a mixed-bed Dowex—-column in the laboratory.

Table 3.3.4
Radicnuclide ratios in air and rain samples collected at Risg in Oct and Hov 1976
Sample Period of Nuclide Mean ratio :1 S.E. Theoretical t-test
sampling ratio on Sept 26, 1976 ratio at ) between (I) & (II)
formation?
(1) (I1) t af. sign
Air Oct 4=-Nov 27 1.0420.09 1.59 15 -
1311/1403‘ 0.89
Rain Oct 5-0Oct 17 1.3 :0.2 1.97 2 -
Air Oct 4-Nov 27 2.9 +0.2 1,61 15 -
1y 14, 2.59
Rain Oct 15-0ct 17 18 +7 2,25 2 -
Air Oct 4-Nov 27 5.5 20.6 1,5% 15 -
131,952, 5.6
Rain Oct 5-0ct 17 18 +3 4.12 2 -
.58+ Jct 4-Nov 27 5.9 0.9 1,23 18 -
140,952 5.2
Rain oct S-Nov 30 13 22 2,8 3 -
Air Oct 4-Nov 27 1.3720.14 2,26 15 d
141cq,103p, 1.0
Rain Oct 5-Nov 10 0.5820,15 3,09 ) -
Ar Oct 4-Nov 27 1.9 :0.1 0.84 15 -
“1C./’52r 1.77
Rain Oct 5-Nov 30 0.55:0.14 8.48 3 i
hir Oct 4-Nov 27 0.85:0,11 2,20 14 .
%52c/1%3 Ry 0.60
Rain Oct S-Nov 30 0,6620.16 0.35 3 -
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T .3

=1
Sashowt factors in fresh debris M = KLl (zaim),

£Ci m ° (ain)

>

suclide
str 95. l.)~ uon l“u ulc. lll‘ = $.D. s.z.
Date
Oct 4-7 1.22 | o.87 1.1 2.3 .32 0.40 4.3 1.9 1.3¢ 0.51
Oct 14-18 0.57 | 0.6) 1.7 2.1 1.58 0.%7 2.4 1.38 f 0.76 a.29
Nov 1976 1.357 | 1.48 1.00 1.53 1.76 0.97 *) 1.12 J 0.3 0.1}

The radionuclide coacentrations in rain were determined by iea exchange; the Octobar
samples .a the laboratery on precipitation collected in the ] l2 rain sampler at Rise
(}.1.9) and the November sample om the munthly collection of fallout in the five
Lon~exchange collectors at Rise (3.2.8).

*) too low & concentration for relishle determination.

table )36
pci 577 in gress fres Rise in Oct-Nev 1976

Date 1976 oct 12] oct 13¢ | oet 15] oct 10°] oct 21 ] oer 25 [ mov 1° | mav 8 [ mov 13
¢ fresh weight a 3 260 237 18 100 174 ne ) | 130
s dry waight m 2 » a “ 5 o a a 61 »
sa precipitstion since
last sampling - ¢ [ ] n 1.3 2.) k.1 4.4 1.3
[T 220 w0 s s slo "y a1s o | 1ss
n Y] 144 91 10 m s 227 no | 100
103y, » 70 228 " 157 109 129 118 .«
1, 172 235 57 1% 264 132 79 Y )
150,, 197 244 37 344 21 1Y) 193 162 58
Lo, , a9 e 1406 s | loss 514 405 27 7
., 27 ses 116 525 240 525 $12 ses | 107
*the grass samples used in the estimation of deposition velocities.

and 103Ru' This is in agreement with the early observations on
fractionation phenomena by Edvarson et 31.22), who predict that
fresh fall-out is enriched in 9SZr and depleted in 1°3Ru, 14°Ba
and 131I, while 1‘ICe is somewhere in between.

A few daily samples of precipitation and a monthly were also
studied for fresh debris (table 3.3.3). A comparison between
the rain and precipitation samples made & calculation of the
washout-factors (Ho) possible (cf. table 3.3.5). The ratios
were in general higher than the ratios observed for 905:, which
in the period 1960-721) showed a mean ratio of 0.99. The dif-
ference may be due to the higher dry deposition (which was in-
cluded in the rain samples) of fresh debris than of old.
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In grass with a dry matter yield of 44 ¥ 3 (1 sp) gm™
(cf. table 3.3.6%), the 1‘1Ce levels were nearly constant (532 ¥
24 pci m 2) from 15 October to 1 November. We may thus assume
that the daily uptake by grass of 1‘ICe from fall-out approxi-
mately equalled the daily field loss. During summer the retention
half-life of radionuclides on grass is approx. 19 days and in
winter 49 days (23). Let us assume that the half-life in autumn
is in between these values, i.e. 34 days. The effective half-
life of 141ce on grass then becomes 17 days and the daily field
loss was thus 532 (1 - e28-2) = 22 pci m™2 @71,

The mean air activity during the last half of October 1976
was 47 * 10.3 pCi 1‘uCe m-3. Hence, the deposition velocity was
ﬁg m - a1l =0.5cms™); if the retention half-life had
been 19 days instead of 34 days, the deposition velocity would

have changed to 0.7 cm s 1. The winter half-life of 49 days

gave 0.4 cm s 1.
We may similarly estimate the deposition velocities of the
other radionuclides: 2°2r = 0.3 em s~ %, 1%%ru = 0.1 cm 57! and
1

1405, = 0.4 cm s-1. 1In the case of iodine, we calculated the

2

Wess 10’ w’
1.24

: /n “

0.44

03

02

014

00 ] L3 LA™Y ¥ A T m ¥ ) T ) L A L s 1 0 v N ¥ ) ]

Fig. 3.3,1. Caesiur-137 in ground level air at Risg in 1976.
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Fig. 3.3.2. Short lived fissions products in airborne debris
from the Chineese test explosion 26 september 197€ collected

in groundlevel air at Risg¢, October-November 1976. The time-
integrated levels are indicated for the various radionuclides.

amount of 131

1 deposited on the grass between two samplings

from the levels measured in the grass, and under the assumption
of effective half-lives varying from 5-8 days. The median value
of the deposition velocities for 1311 calculated in this way was
1 cm s~1, and the range of values was 0.1 - 3.1 cm s 1. The
values showed a decreasing tendency with time in agreement with
expectations, as small particles {old fall-out) have a lower
deposition velocity than large particles (fresh fall-out)24).

It should, however, also be noticed that from 15-18 October the
precipitation was substantial (31 mm), which may have increased
deposition on the grass. The estimated deposition velocities

on grass were of the same order of magnitude as given in the
literaturezs).
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The transfer factors from air to grass were estimated for
I from the infinite, time-integrated 1311 levels in air and
grass. We found 1 pci 131 w3 -a ~ 6.5 ncs 1311 w72 - a

grass
~ 158 nci 13! - d ~ 23 nCi 1”1ﬁ”muqht - d.

131

I kg dry =atter

3.4. y-Spectroscopy of Bed Soil Samples from Roskilde Fjord

North of the ocutlet from the Waste Treatment Station (fig.
3.1.2.1), bed s0il samples were collected with a HAPS sampler.
Cores down to a depth of approx. 15 cm were analysed by Ge(y)
spectrometry. Table 3.4.1 shows the results, which are equal to
those in previous years.

Table 1.4.1

Caesiuwn~137 in fjord-bed soil collected in
Roskilde Fjord in 1976 (MAPS) (145 cm?)

Date Oepth | pct Vs ke | mes MVes ka2
ncoa
July 5 (1) 0-15 147 25
July 5 am | o-16 224 n
Sept. 30(I) 0-15 187 3
Sept. 30(11) | o0-1% 164 25
Mean 180 28
s.D. 33 3
S.E. 16 2




4. RADIOSTRONTIUM AND RADIOCAESIUM IN PRECIPITATION,
SOIL AND GROUMD-NWATER IN DENMARK IN 1976

4.1. Strontium-90 in Precipitation

Samples of rain water wvere collected in 1976 from the State
experimental farms (cf. fig. 4.1.1) in accordance with the
principles laid down in Risg Report No. 63, p. S11).

Table 4.1.1 shows the results of the 2OSr determinations
and tables 4.1.2 and 4.1.3 the analysis of variance of the

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

The maximum concentration in precipitation occurred in May-~June,
when the mean content in precipitation was 0.34 pCi ’CSr/I (cf.
also the air measurements in 3.2.1) wvhile the maximum fall-out
rate occurred in Nov.-Dec. 0.024 mCi 905r/k-2. Tables 4.1.2 and
4.1.3 show that the variation between locations was not signifi-

Table 4.1.1

Strontium-90 fall-out in Denmark in 1976

- Stude- $x. Jyn-§ ®1 Vicwr Axirke=] Ladre-
Period vnie Tyiserup [ P0TS" | Gawm | nenow | 3L N "-m;‘ Tyseofee | LI | avee y ore Pean ®

par 17t 8.1 o.182 fo.2t o.38 0.19% 0.20 0.2% 0.192 |o.20 4 | o.24 °.21 0.23
Jan=fen -

mCi okt 9.0108 |o_0lesf 0.0132] 0.03L 2.01%¢ | 6.0118 | 9.010% 10,0125] 0.0140 10.01)7 |[o.0094 | 0.0132

pCy 4! [ 1) 0.27 jo.1e | 0.3 0.193 9| ©0.25 0.1 5.41 o.1%54 fo.22 0.24 0.2%
Rarch-Apeil .2

aCs ke 0.0361 §6,0126) 0.0095] 0.0l48] 0.00%¢ 9.008% 60,0056 [e.000¢| 5. 0082 [0.009% | 0.0084 | 0.009%

Py 1) 0.3 [ 9 1] o.n EIS H 0.9 2,13 0.37 0.28 ]o.2 8.30 0.1% 0.4
Ray=June -2

@C3 ke 9.02% 0.9%71] 0.0123] 0.026 0.028 0.0100 9.0)9 0.022 | 6.0187 }0.0187 1,009 | 0.022

pci 17t 0.174 0.33 fjre.an | o.ee 0.26 2.90 0.29 o.1¢ 6,30 0.175 9.21) 0.7
JulyrAug -

acs o ? 0.0042 §0.,0027) 0.0067} 0.0179) o.029 0.0101 90980 | 0.0072] 0.014n |0.0082 [o0.0084 | 0.0102

pCL 3 - 0.151 o.1¢¢ | 0.193 | 0.1359 "7 0.12 5.20 0.120 fo0.22 0,25 8,162 0.194
Sepr-Oct -2

aCi owm 0.038 0.024 | 0.0104] 0.028 0.044 6,918% 9,915 |o.0079) 0.020 [o0.0108 | o.0116 | 6.022

<y l-‘ 0.2¢ 0,136 | 0.19) | 0.27 10.21%) 0.2) n.188 .1 o 2.2 0.1l .32
Sov-Dec

nci xa”? 0.030 0.022 | 0.0149] 0,018 0.0y 0.937 n.01 [0.017 | 9.028 |[n.on 90,0071 0.024

a1V i ] 0.0 0.18% | 0.20 0.27 0.2% 0.2% 0.28 0.21 0.27 6.1 0.177 0.0230
978

mcs wm"d 2 | 0.100 0,093 | 0,07 | 0.192 0.147 0.094 0,091 0.07¢ [ 0,101 [n.09) 0.0% 0.10)
;m precipieation I " %) e 554 5T ml 320 e 378 b2 ] F13) 2

"Ledraborg not incloded in meen, Figures in Brachers caleulored from vax ) 13},



Table 4.1.2

Analysis of variance of 1ln pCi 905: 1-1 precipitation in 1976

(from table 4.1.1)

Variation SSD £ sz \rz 4
Between locations 1.330 10 0.13) 1.250 -
Between months 1.832 S 0.366 3.444 99%
Remainder 4.094 46 0.106

Table 4.1.3

90 2

Analysis of variance of 1ln mCi Sr km
(from table 4.1.1)

precipitation in 1976

variation SSD £ s? vi P
Between locations 5.656 10 0.566 4,092 >99,95%
Between months 9.480 ] 1.896 13.718 >99,95%
Remainder 6,358 46 0,138

Table 4.1.4
The ratio '9Sr/905r in precipitation in Denmark in 1976

Location November December
Tylstrup 4] 107 B
Studsglrd 33 24 A
Sdum 15 B 20 B
Askov 4.2 40

St. Jyndevad - 57
Blangstedgird 55 35

Tys tof te 200 B 13 B
virumghra 36 -
Abed 62 0.4 8
Aki rkeby 49 28
Ledreborg 32 B 25 A
’(tB2 eici\ﬁive) 1027 3525

cant. The mean levels for ten State experimental farms were

0.10 mci 2%r/xm? and 0.24 pci ?%sr/1. In Appendix A the country
mean level (area-weighted) is estimated to be 0.10 mCi 9os:'/kmz
for a mean precipitation of 523 mm (area-weighted), i.e. a
quarter of the fall-out in 1975,
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T

Fig. 4.1.1.

State experimental farms in Denmark.



-37-
A comparison between the amounts of precipitation found in
the rain gauges used by the Danish Meteorological Instituteg)
and the amounts collected in our rain bottles at the same loca-
tions in 1976 showed a mean ratio of 1.22 ¥ 0.04 (1 SE) between
the two sampling systems. The summer of 1976 was drier than
n 2. This resulted in a considerable evaporation from our
rain bottles as compared to the rain gauges collected daily by
the Danish Meteorological Institute; hence the ratio between the
two systems became greater than usual.
Table 4.1.4 shows the presence of 89
collected in November and December. The

equal to those observed in air (table 3.2.1.2).

Sr in precipitation

89Sr/9°Sr ratios were

4.2, Strontium-90, Caesium-137 and Plutonium in Soil

The aims of soil sampling in 1976 were partly to examine
the importance of the application of manure to the fields (with
respect to the levels of fall-out nuclides) and partly to repeat
soil sampling at a few locations that showed unexpected activity
levels in 1975. The results of these studies are given in
tables 4.2.1-4.2.11.

The mean ratios between the accumulated activities in culti-
vated soils from Tylstrup, Askov, Blangstedgdrd, Abed and Risg¢
with and without manure were for 90Sr, 0.92 ¥ 0.09 (1 SE), and
for 137cs, 1.17 ¥ 0.10 (mci km™2, 0-50 cm, cf. tables 4.2.1,
4.2.3 and 4.2.7 and in Risg Report No. 345! tables 4.2.6 and
4.2.8). We thus conclude that the application of manure ap-
parently plays no major role for the levels of accumulated 90
and 137Cs in Danish soil. This is in accordance with the

Sr

Table 4.2.1

2

Strontium=90 in manured, cultivated soil in 1976 (mCi km <)

Depth Tylstrup | Askov Blangstedg. Abed
in cm
0-20 29,1 28,6 32.8 26.4
20~30 13.4 9,3 10.5 10.1
30-50 8.2 4.9 3.0 2,1
L 0-30 42.5 37.9 43.3 36.5
I 0~50 50,7 42,8 46,3 38.6
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Table 6.2.2
Stroatium=%0 in manured, cultivated soil ia 197¢ (pCi l.q.l)

Depth Tylstrup | Askov | Blarcstedy. Abed
in cm
-2 % 119 112 112
20-30 ;4 73 (3] (3]
3jo-%0 24 19 9.9 7.2
= 0-30° [ 1] 103 L X L 1
x 0-%9° 2 » [ +] 37
*veighted mean

Table &.

Casesium-1)7 in manured, cultivated soil ia 197¢ (aCi h’z)

Dapth Tylstrup | Askov | Blangstedy. | Abed
incm
0-20 7 [ %] (1] 41
20-30 23 6.7 7.6 15.4
30-5% 4.0 0.9 A 2.2 1.9
f -3 103 76 71 56
t 0-%0 107 77 73 58

Table 4.2.4
Cassium-137 in manured, cultivated soil in 1976 (pCi kq-l)

Depth Tylstrup | Askov | Blangsteds. Abed
incm

0-20 248 208 ‘216 174

20-30 150 s2 50 103

30-50 11.6 3.5 A 7.3 6.5
x 0-30° 214 206 159 146
% 0-50° 129 123 L] %
*weighted muan




Strontium=-90, Caesium-137 and Potassium-40 in uncultivated soil collected at
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Table 4.2.5

g K kg‘l in manured, cultivated soil in 1976
Depth Tylstrup Askov Blangstedg. Abed
in cm

0-20 13.2 12.6 17.0 16.1

20-30 12.9 13.9 16.2 9.1

30-50 12.9 13.4 16.6 14.1
x 0-30* 13.1 13.0 16.7 13.4
x 0-50* 13,0 13.2 16,7 13,7
*weighted mean

Table 4.2.6

Tystofte and Jyndevad in 1976

Jyndevad

Tystofte

- ?
s opookgt | P os mo

wm™? | P70y pey ket

40 1

LERTY

Pss mcr we'l

L] 17 H

Cs wCL hm

37y par ag7t

0% g me”

1

17 LN
L1 2.6
(1] 5.9

s 2.0

"
193
i

A 5.3 4

.1
@9
10.4

108

20.9
11.4
42
4.8

144 3.0 1%
[ 1 1.6 L1
1z 0.9 8.7

r.0 B.D.L B.U.L

5.8
15,9
16,5

6.4

121
i N

8.4

D

30

138

.2
131

10.3

112 218
[ 148

8.3
4.8

8.8

faeipited mean

Table 4.2.7

Strontium=-90 and Caesium~137 in cultivated soil
from Ris¢g and Ledreborg, 1976 (mCi km-z)

Depth Risg Ledreborg
in cm cultivated cultivated* cultivated®
90Sr 137Cs sosr 137C' 90sr 137C'
0~-20 23.8 44.2 30.1 60.0 36.2 72
20-30 9,5 11.9 7.4 4,0 16.7 16,5
30-50 4.3 3.8 1.9 1.9 4.3 1.7
L 0-30 33.4 56.2 37.5 64.0 52.9 89
£ 0-50 37.7 60,0 39.4 65.9 57.2 | 90
*manured
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le 4.2.8

Tab

Strontium-90 and Caesium—-137 in cultivated soil
from Ris¢ and Ledreborg, 1976 (pCi kg~ 1)

Depth Risg Ledreborg
in om cultivated cultivated®* cultivated®
90, 137cs 90, 137c3 905: 137c3
0-20 94 174 81 161 105 72
20-30 62 78 48 26 84 16.5
30-50 14.0 12.2 6.3 6.6 12.3 1.7
x 0-30** 82 138 71 122 98 89
x 0-50°* 53 84 48 80 64 90
* manured
**weighted mean
Table 4.2,9
g K kg~ ) cultivated soil from
Ris¢® and Ledreborg, 1976
Depth Risg Ledreborg
incm
cultivated | cultivated?® cultivated®
0-20 19.3 17.2 17.1
20-30 18.6 17.1 18.3
30-50 18.2 16.3 19.1
x 0-30°* 19.0 17.2 17.6
x 0-50°* 18.7 16.9 18,2
* manured
**weighted mean
Table 4.2.10
The ratio 137Cs/905r in manured, cultivated soil in 1976
(from tables 4.2.1 and 4.2,3)
Depth Tylstrup | Askov | Blangstedgird | Abed | Mean SD SE
in cm
0~-20 2.65 2,41 1.95 1.55 2.14 0.43 0.24
20~30 1.87 0,72 0.72 1,52 1,21 0,58 0.29
30~50 0,49 0.18 0.73 0.90 j 0,58 | 0.31 | 0.16
X 0-30 2.42 2.01 1.64 1,53 1,90 0,40 0.20
X 0-50 2.11 1.80 1.58 1.50 | 1.75 | 0.27 | 0,14
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Table 4.2.11

137

Cs/QOSr in soil in 1976

(from tables 4.2.6 and 4.2.7)

Depth Jyndevad Tystofte Risg Rise Ledreborg
in cm uncultivated uncultivated | cultivated cultivated® cultivated*®
0-10 3.82 2.3
0-20 1.86 1.99 1.99
10-20 2.22 1.11
20-30 0.43 0.21 1.25 0.54 0.99
30-50 0.22 - 0.88 1.00 0.40
* 0-20 3.22 1.89
x 0-30 2.49 1.69 1.68 1.7l 1.68
X 0-50 2.14 1.61 1.59 1.67 1.57
*manured

Table 4.2.12

Plutonium in uncultivated soil collected in Danish experimental

farms in 1975

(mci 239:240p, 172
L ¥
Tylstrup | Studs- | Askov | Blang- ' Tystofte| Ledre- Abed | Akir- | Mean | SD SE
gard stedgdrd borg keby
0-10 em |, 1.52 1.29 1.33 0.69 1.15 0.60 1.10 1.80 1.19 | 0.40 |0.14
10-20 cm 0.16 0.25 0.52 0.55 0,46 0.34 .16 0.24 0.34 10.16 }0,.06
— —_
20-30 cm - 0.03 0,16 0.13 0.05 0,22 0.30 0,09 0,14 10.10 10,04
30-50 cm Analyses of 50 g samples did not show Pu levels significantly
different from zero activity
0-50 cm 1.68 1.57 2.01 1.37 1.66 1.16 1.56 2,21 1,65 {0.33 0,12
Table 4.2,1)
Plutoniuwm in cultivated soll collected In Danish experimental farms in 1975
(mCi 2”’“057\; kn'z)
Tylstrup | Studs~| ddum | Askov |{St, Jyn-| Biang- |Tystofte | Ledre- ! Abed | Akir~| Mean | $D ] 4
gird devad stedgérd borg keby
R W 4 ORI S SR,
0-20 cm 0,32 1.78 0.98 1,47 175 0.7¢ 0,88 0,38 0.34 1,00 0.97]0.55]0.17
20-30 cm 0,07 0,09 0.11 0.10 - 0,22 0.60 0.1} 0.09 0.17 0,17 10,17 (0,08
30-50 cm Analysis of 50 g samples did not show Pu levels significantly different
from zero activity
0-50 cm 0.39 1.87 1.09 1.97 1.7% 0.98 1.48 0,49 0.43 1,17 1.12]0.55]0.17
Cultivated soils showed a lower 139,240, content than uncultivated soils. The difference was probably
signi ficant (p < 0.0),
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estimates in 1975 (Risg Report No. 345°° table 4.2.20), which
indicated that the amounts of 9OSr and 137Cs removed by crops
and later returned to the fields as manure were in the order of
5% of the deposit.

From table 4.2.6 and from Risgp Report No. 345 it appears
that the 1975 samples from Jyndevad were atypical. Especially
the 908r 1975 levels were anomalously high in the deeper layers.
On the other hand, the 137Cs seemed to have been underestimated
in 1975. Table 4.2.7 shows that the 1976 samples of cultivated
soils from Risg and Ledreborg contained more 9°Sr and 137Cs than
the 1975 samples, which were anomalously low (cf. in Risg Report
No. 345!) tables 4.2.6, 4.2.8, 4.2.13 and 4.2.15). We conclude
that the few samples found in the 1975 material that deviated
from the expected fall-out levels were atypical, because a
repeated sampling at these locations in 1976 gave results in
agreement with expectations based on earlier years' sampling at
these locations. The extremely high levels found in the 1975
#dum samples were not further investigated in the 1976 studies,
but will be examined later in a special study.

The 1975 soil samples were used for a study of Pu in
Danish soils. The analysis was performed on 10 g of ashed soil
by the classical Pu-analysis method described by TALVITElg).
Most determinations were carried out as double or triple analy-

1)

1)

239,240

ses. Plutonium concentrations below 30 cm were generally so low
that the analyses were performed on 50 g aliquots. From tables
4.2.12 - 4.2.14 we conclude that the total accumulated 239'24°Pu
in Danish uncultivated soil was 1.7 + 0.1 (1 SE) mCi km 2 in
19755 23%/2805,,90g = 0.032 + 0.002 (1 SE) and 23%+240py/137¢4

-

T -

Table 4.2.14
Pu/n7Cl x 100 in uncultivated soil
collected at Danish experimental facms in 1979 {cf. Ris# Report No, 345, table §.,2.3)

239,240

Tylstrup | Studs~ | @dum | Askov [ St, Jyn- { Blang- |Tystofte |Ledre- | Abed | Akir- | Mean ] SD SE
gbrd devad stedghrd borg keby

0-1¢ cm 1.63 1.59 | 2.7 |3.15 2,09 1,68 1.95 1.43 3.67 2,86 2.1810.71 0,22
10-20 om 2.00 3J.al | 2.3 1.68 1.00 1.1 2.80 1.36 0.44 1,04 1.7810.79 |0,25
20-30 cm - 0.88 ! 2.0 [0,86 6,42 1,18 0.68 l.24 2.48 1,70 2,18 | 1.80 {0,60
30-50 em - - 2.2 - - -

- - - - - - -

0-50 cm 1.78 1.68 | 2.30 | 1.64 3,85 1,81 1.87 1.57 2,15 .38 2.10 | 6.67 (0,21

239 ,240"‘

Mo significant variation could be found in the /”7Cl ratios with sampling depth, or between

cultivated and uncul tivated soils,



http://Tat.lt

- 43 -

Table 4.2.13

139.240) 13704 4 100 in cultivated soil

collected at Danish axperimental farms in 1975 (cf. Rise Report No. 1345, table 4.2.8)

Tylstrup | Studs~ | @dum | Askoc T St Jyn- Blang- Tystcofte | Ledre— Abed | Akir=-| Wean | SO st
ghrad devad stedadrd barg kaby

0=20 cm 0.44 2.12 | 1.5¢ | 2.1) 2.% 2.2¢ 1.47 0.84 0.63 | 1.92 | 1.57 {0.70 1 0.22
20-30 cm 0.47 0.7¢ | .80 jO. 8% - 1.7 3.82 6.11 0.73 | 1.42 1.83 §1.91 0.6

0=30 cm 0.53 1.87 l.¢8]1.92 2.1¢ 1.0¢ 1.8 1.04 1.13 | 1.93 1.62 J0.5) }0.17

= 0.021 + 0.002. These ratios are compatible with other findings
239'24°Pu/905r ratio of 0.02 in airzl), and thus of
0.028 in so0il in 1975. Cultivated soil probably contained less
239’24°Pu than uncultivated soil, the mean ratio between the
activity contents of the two soils being 0.6 + 0.1 (1 SE). The
239’24°Pu activity showed the same vertical distribution as

137Cs in the soil column, even in the case of an atypical 137Cs
distribution as found in Gdum (table 4.2.14).

assuming a

4.3. Strontium=-90 in Ground Water

As in previous years, ground water was collected in March
from the nine locations selected by the Geological Survey of

Denmark.
Table 4.3.1

Strontium -90 in ground vater collected in March 1976

gy £c1 171 gca1l
Hvidsten 3 0.0708
Peldbak 18 0.0259
Re¢me 15 A 0.0281
Renne New* 19 0.0050
Re¢nne Old 2 A 0.0237
Hasselg 3 0.173
Firetofte B.D.L 0.0918
Kalundborg 7 0.0823
Ravnholt B.D.L 0.0719
Fredericia 8 0.0708
Mean 194 0.0643
Median 5 0.0708
*collected in June.
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Fig. 4.3.1. Ground-water sampling locations in Denmark.
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Figure 4.3.1 shows the sample locations and table 4.3.1 the
results of the 9oSr analyses (cf. also 5.8.4).

The median level of 9OSr in 1976 was a third of that found
in 1975 but nearly equal to the values observed in 1973 and 1974.
Figqure 4.3.2 shows the median levels in Danish ground water since
1961.

As appears from fig. 4.3.3, the ground water from Feldbak
had showed no decreasing tendency by March 1976, but the March
1977 level were lower than both 1975 and 1976.

pCi 90 /1
004 -
: [-]
003 - °
002 - e L ° o
0.01 .L ° ° o )
0 ° °

61 62 63 64 65 66 67 68 63 70 7T 72 73 74 75 16

Fig. 4.3.2. Median 9°Sr levels in Danish ground water, 1961-76.

pci 90 /1
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6 62 63 6L 65 66 67 68 €9 70 M 72 13 % B W 1

Fig. 4.3.3. Strontium=-9%0 in ground water at Feldbak,1961-76.
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5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1976

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

As in previous years, monthly samples of dried milk were
collected from seven locations in Denmark (cf. fig. 5.1.1) but

9°St and 137

the analyses for Cs were performed on pooled
quarterly samples.
Table 5.1.1 shows the results of the 9°Sr determinations

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

Table 5.1.1

Strontium=90 (pCi (g Ca)-l) in Danish dried milk in 1976

Month | Hjerring | Arhus | Videbak | Abenrd | Odense | Ringsted | Lolland-Falster Mean
Men

Jan

Feb 5,2 4.8 6.6 5.5 3.4 3.9 2.2 4.5

March

April

May 4.8 4,3 5.5 4.2 2.8 2.8 1.7 3.7

June

July

Aug 3.2 31,0 4,1 2.8 1.31 A 1.23 A 2.3 A 2.6

Sept

Oct 3.4 3.7 4.0 3.1 1.83 2.1 1.51 2.8

Nov 3.2 3.0 2,3 4.4 1,84 2.1 1.75 2,7

Dec 2.0 2.5 3.7 3.1 2,8 1.39 1,02 B 2.4

Mean 4.0 3.8 4.9 4.0 2.4 2.4 1.91 3.4

As 1 litre of milk contains 1.2 g Ca, the mean 905: content in Danish milk

produced in 1976 was 4,1 pCi 1-1.
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recent years the time variation was significant for S5.U.; the
levels in the first quarter of the year were the highest. The
S.U. mean level in 1976 was 3.4 pCi 2%Sr/g Ca, i.e. 0.8 times
the 1975 mean.

As previously, milk from eastern Denmark showed signifi-
cantly lower levels than that from Jutland.

Table 5.1.3 shows the results of the 137Cs determinations
and table S5.1.4 the analysis of variance of the results. The
M.U. mean level in 1976 was 2.6 pCi 137Cs/g K or 0.7 times the
1975 level.

Figures 5.1.2- 5.1.5 show the S.U. and M.U. levels in
dried milk compared with the predicted values (cf. Appendix C).

Table 5.1.2

Analysis of variance of In pCi ,OSI (g c;)_l

{from table 5.1.1)

in dried milk in 1976

Variation SSD f 32 v2 P
Between locations 3.095 6 0.516 13.522 > 99.93!
Between quarters 1.753 | 3| o.s84 | 15.316 [> 99.95¢
Remainder 0.687 18 0.038

Caesium~137 (nCi (g X)-l) in Danish dried milk in 1976

Month | Hjgrring | Arhus | Videbak | Abenrd | Odense | Ringsted | Lolland-Falster Mean
Me¢n

Jan

Feb 3.0 3.2 3.8 4.2 2.1 2.1 2.1 2.8

March

April

May 3.4 2.9 3.5 3.0 1.2 3.8 0.8 A 2.7

June

July

Aug 3.6 3,6 5.4 3.3 0.7 # 1.5 A 1.2 A 2.8

Sept

Oct

Nov 2.7 1.3 2.2 3.5 0.8 A 1.7 1,2:0,3 2.1

Dec

Mean 3.2 3,0 3.7 3.5 1.2 2,3 1,2 2,6

As 1 litre of milk contains approx. 1.66 g K, the mean 137Cs content in Danish

milk in 1976 was estimated at 4.3 pci 11,
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Fig. 5.1.1. Dried milk factories in Denmark.
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_Table 5.1.4_

1374 pci (g K)™! in Danish dried milk 1976

(from table 5.1.3)

Analysis of variance of 1n

Variation SSD f '2 v2 | 4
Between locations 6.581 6 1.097 12.476 >99.95
Betwesn guarters 0.403 3 0.134 1.527 -
Remainder 1.582 18 0.088

Su

20+

154

04

vssv - "7”' Y LR Sams e S S one ¢ T Yy .

Fig. 5.1.2. A comparison between ocbserved and calculated
(curve, cf. appendix C) S.U.~levels in dried milk from the
Islands.
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Fig. 5.1.3., A comparison between observed and calculated
(curve, cf. appendix C) S5.U.-levels in dried milk from Jutland.
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FPig. 5.1.4. A comparison between observed and calculated
(curve, cf. appendix C) pCi 137Cl/qx levels in dried milk
from the Islands,
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Fig. 5.1.5. A comparison between observed and calculated
(curve, cf. appendix C) pCi 137Cs/gx levels in dried milk
from Jutland.

5.2, Strontium-90 and Caesium-137 in Fresh Milk from the
Entire Country

The samples of fresh milk were collected in the eight zones
and in Copenhagen (cf. fig. 5.2.1) in connection with the total-~
diet collection (cf. 5.7).

Table 5.3.1

Strontim-90 and Caesium=-137 in fresh milk in 1976

June 1976 Dacember 1976
Zone - " Y T " -
pcr 9%r (g co Y] pei M7es g 11| pes 137¢e 170 | pet %081 19 car™t| per es g 1] por e 17t

1: North Jutland 4.420,3 3.6 6.2 31.) 1.9 3.1
II: East Jutland 4.2:0,2 2.3 A 3.7 A 2.9 1.4% 2.3
I1I; West Jutland 4.4:0.0 .G 4.9 3.7 2,31 3.7
IV: South Jutland 2,%:0,2 2.2 A 1.4 A 2.6 A 1.54 2.5
Vi  Funen 2.610,2 2.4 2 3.8 A 2.6 1.19 8 1.2
VI: Zealand 3,0:0.1 1.42 A 2.2 A 2.5 1,98 A 1.2 A
Vvii; Lolland-Falster 2,1 2.0 A J.1 A 1.78 1.42 A .1 A
ViiIiBornholm 3.7:0,2 1.028 1.56 B 3.7 .M 1.8
Mean 3.4 2.2 3.6 2.9 1.69 .7
Copenhagen 3.400.1 1.72 B 2..8 5.0 3,41 5.7
Population=weighted
mean 1.6 2.2 3.6 1.5 2.2 2,6
Production=weighted
mean kP 2.6 4.3 3.0 1.74 2,8
Relative error dum
to analysis ™
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Fig. 5.2.1. Sample locations for fresh milk, bread and total diet.
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Table 5.2.1 shows the results of the determinations of

137Cs in consumer milk.

90

radiostrontium and
137Cs in Danish
consumer milk in 1976 collected in June and December were 3.4
S.U. (~ 4.1 pci 2%r/1) and 2.2 M.U. or 3.6 pci 137cs/1,

respectively.

The production-weighted means for Sr and

As observed previously (except in 1973), fresh milk showed
lower levels of caesium than the corresponding dried milk.
Strontium showed slightly heigher levels in fresh milk than in
the corresponding dried milk.

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

As in previous years, grain samples were obtained from the

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

1)), and 137Cs was

determined as previously (Risg¢ Report No. 63
measured on pooled ashed samples by y-spectrometry on a Ge-
detector.

Table 5.3.1 shows the measurements of 90

Sr in grain in 1976.
According to Appendix B, approx. 2/3 of all rye in Denmark is
grown in Jutland and 1/3 in the eas.ern part of the country.

As regards wheat, 4/5 is produced in eastern Denmark and 1/5 in
Jutland. 1In the calculation of the means in tables 5.3.1 and
5.3.4. At Jutland is represented by five rye samples and seven
wheat samples, while eastern Denmark contributes nine wheat and
four rye samples. Thus the means in table 5.3.1 for wheat are
higher than the production-weighted means for the country,
while the rye means are perhaps too low. Table 5.3.2 gives the
analysis of variance of the S.U. figures and table 5.3.3 that
of the pCi 9OSr/kg grain figures.

Tables 5.3.2 and 5.3.3 show that the variations in S.U.
between species and locations were significant. Rye showed the
highest S.U. levels and oats and barley the lowest, while the
pCi 90Sr/kg figures were higher in oats than in the other species.

As in previous years, the variation with location was highly
significant; the mean pCi 90Sr/kg level for grain from Jutland
was 2.3 times that in eastern Denmark.

Table 5.3.4 shows the measurements of 137Cs in grain in

1976. The l37Cs levels in grain from 1976 were 0.55 times the



Table $.3.1

Strontium=-90 in Danish grain in 197¢

Rye Barley ¥heat Oats
pci %sr kg7l s.v pci Psr xg7}] s.u. pci se xg”! [ s.u. | wci s xg™l] s u.
Tylstrup 19.6 $1 23 45 5:16.4 s:47 37 3
Studsgird 38 92 24 60 25 a1
ddun 10 57 7.8 13.5 s i 2c 18.3
AsSkov w:2l w:49 21 39 29 62 38 43
St. Jyndevad EN) 75 26 a5 3:4 f:lz; 4 51
Blangstedgdrd 23 31 8.9 16.6 5.8 30 13.8 13.4
Tystofre 10.8 27 9.4 17.1 MR 3:199 30 27
Ledreborg w:l5.5 39 8.9 19.6 M 3 9
Abed 3.0 17.8 3: ;:: 3:10.2 13.9 12.4
Akirkeby 9.3 25 5.3 12.5 30 3 15.5 16.6
Mean 22 54 14.3 29 17.0 4 28 28
Table 5.3.2
Analysis of variance of In S.U, in grain in 1976
(from table 5.3.1)
2 2
Variation SSD £ s v P
Between species 2,386 3 0.795% 8.361 > 99,9%
Between locations 9.403 9 1.045 10.984 > 99,95%
Spec. x loc. 2,378 25 0.095 0.551 -
Remainder 1.036 5 0.173
Table 5.3.3
Analysis of variance of 1ln pCi 90gy xg~1 grain in 1976
(from tabie 5.3.1)
2 2
Variation $SD f 8 v P
Between species 3.571 3 1,190 10,575 }> 99.95%
Between locations 11,280 9 1.253 11.133 > 99,95%
Spec., x loc. 2.814 25 0.113 1.714 -
Remainder 0,394 6 0.066
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Table 5.3.4

Caesium-137 in Danish grain tn 197¢

Rye Barley Wheat Oats

13 1 137 1 "nu. pCi 137 137 -1

oci Pcs ket mou. | et 1ca kg™ cs xg”l mou, | opos P30y kg7 wen,

Jutiang 16.0 2.71 6.8 1.26 7.0 1.78 13.0 1.85
(zones I~-IV)

The Islands 6.5 1.16 0.86 B 0.22 8 1.0 0.63 6.5 1.28
{zones V-VIII}

Mean i1.8 2.02 3.8 0.74 4.8 1.13 9.4 1.3)

The number of samples from the various species and areas of the country appears in table 5.3.1.

levels in 1975. The ratio between fall-out in May-August in
1976 and 1975 was 0.2.

We may thus conclude that the 137Cs grain levels in 1976
were higher than expected from the fall-out in May-August (cf.
Appendix C). This may be due to root-uptake of 137

fall-out not captured by our rain collectors.
Comparing the S.U. levels in grain from the harvest of

1976 with the levels from 1975%, we find that the 1976 figures
are 0.8 times the 1975 levels.

Cs or to dry

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

In 1976, samples of white bread (75% extraction) and dark
rye bread (100% extraction) were collected all over the country
in June, and 9OSr and 137Cs were determined on pooled samples.
The 137Cs determinations were carried out on the ash by Ge y-

spectroscopy.

Tables 5.4.1 and 5.4.2 show the results. It is assumed
that 1 kg flour yields approx. 1.35 kg breadll) and that wheat
flour of 75% extraction contains 20% of the 9°Sr and 50% of the
137Cs found in wheat g:ainl), while rye flour is 100% extraction.
Hence we can compare the 1976 bread levels with the 1975 grain
levels (cf. table 5.4.3).

Table 5.4.3 shows that the 9°Sr and 137Cs levels in bread
were in reasonable agreement with the above-mentioned model,

expect for 9OSr in rye bread, where the bread levels were lower
than expected.
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_Table 5.4.1

Strontiur-9) in Danish bread in June 1976

White bread Rye bread
Zone -1 1
pCi kg S.U. pCi kg 5.U.

Jutland
(Zones I-1IV) 3.2 1.51 11.9 4.0
The Islands
(Zones V-VIII) 1,90 0.92 10.9 3.6
Mean 2.6 1.22 11.4 3.8
Copenhagen 2.6 1.46 5.9 2.6
Population-weighted
mean 2,7 1.33 10.0 3.5

Table 5.4.2

Caesiuw~137 in Danish bread in June 1976
White bread Rye bread
2one -1 1

pCi kg M.U. pCi kg M. U,
Jutland
(Zones I-IV) 4.5 A 2,7 A 13.5 4.3
The Islands
(Zones V-VIII) 4.6 2.8 15.4 4.1
Mean 4.6 2,8 14.4 4.2
Copenhagen 4.3 1.7 6.9 B 2,5B
Population-weighted
mean 4.5 2.5 12.3 3.8

Table 5.4.3

A comparison between 905: and 137Cs levels in bread and grain in 1976
Bread activity Activity in grain
in June 1976 1) "Pread”/grain
Nuclide Species calculated as 1 from harvest 1975 ratio
grain in pCi kg~ -1
{cf. text) pCi kg
wheat 18,2 20 0.9
90Sr
Rye 13.5 20 0.7
137Cs wWheat 12,2 9.3 1.3
Rye 16.6 17.0 1.0
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5.5. Strontium-90 and Caesium=-137 in Potatoes from the Entire

Country

The samples of potatoes were collected in September from

ten of the State experimental farms (cf. fig. 4.1.1) and
90 137

analysed for Sr and
of the ash).

Table 5.5.1 shows the
The mean contents for the country were 1.7 pCi 90Sr/kg or 32
S$.U. and 2.2 pCi 137Cs/kg or 0.6 M.U. The levels were one half

to one third of those of 1975.

Cs (y-spectroscopy of bulked samples

90 137

Sr and Cs contents in potatoes.

Table 5.5.1
Strontium-90 and Caesium—137 in Danish potatoes in 1976
pci %sr kg™ | s.u. | oci 37cs kg7 | u.u.
Tylstrup 1.50:0.03 60 =7 [
Studsgird 0.89 A ] 6.9 A
@dum 1.73 30 } a5 0.9
Askov 4.5 0.5 71 9
st. Jyndevad 1.41 49 J
=
Blangstedgard 0.83:0.13 A |11.5+0.3
Tystofte 3.1 35
Ledreborg 1.29+0.33 33 :100) 0.9 B 0.2 8
Abed 0.94:0.22  [15.5:3.1
Rgnne 0.71 10.9
Mean 1.69 32 2.2 0.55

5.6. Strontium=-90 and Caesium-137 in Vegetables and Fruit from
the Entire Country

In 1976, as in previous years, vegetables and fruit were
collected in the autumn from eight larger provincial towns, one
in each of the eight zones. The samples were pooled into two
groups one from Jutland and one from East Denmark (table 5.6.1).

Some of the y-measurements were performed on bulked ash
samples representing the entire country (cf. table 5.6.2).

The highest 905r levels (pCi/kg) were found in kale, the
lowest in apple.
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Table 3.4.1
Strontium=3%0 L vegetables and fruit = 197
C abb age Careat J Kale* Celery root® Bavtrooe® Leeh®™ Apple
FONPTILE IS T FRR (pi.'l wg t s.u oo g7 sue o [TAL] FTCH rvamees ) IR PRl PR
—_— r -
Jutland e.7-0.6 fli5-0 1) l.e [ X1 » 2 16.) ”» 1905 0 .7 a1 1.10 17
The Islanda) 4.5-0.4f %.0-0.3] a.a 13.8 13} 12.1 n a2 1.8 2 [ X 2 0.%0 20
van 5.6 &z 18 1.2 0 1s.0f o [ 13,4 . L] 2 1.00 2
*Only one sampling location
_Table 5.6.2
Caws1im-.]7 1A vegetables and fruib 1n 197¢
Cabbage carrot Kale Celery root Baetroot Apple
pc: ke7d | mu. et na 7t v, fpcn ne | meu. | mei we [ e | et ng" ] men fpct mottfmu. [per ag” | miv.
Jutland 1.3 1.8 [ [ .1 112 2.9 A |1.21A
The Islands 0 o ° [ .24 Joer A 7oA [ 116
?,'.':," .11 1.08] o.am jo.1m)  s.e 1.7 [ 0 e a.97 5.0 e | 1.8 1.52
Table 5.6.3
Calculated 905: and n’c: mean levels in vegetables in 1976
Daily - -
intake Species $0g, pei kg | s.u. | 137cs pei kg7 ] mou.
ing
50 Leaf vegetables (cabbage, kale) 6.6 10.6 2,2 1.07
30 Root vegetables (carrot, celery,
beet, leek) 9.5 28 2.6 0.61
40 Pea (4.5) (17.6) (3.7 {0.7)
120 Vegetable total 6.6 17.3 2.8 0.83
The ?%sr levels in peas are those found in 1973
The 137Cs levels in peas are those found ir 1974

Table 5.6.3 shows a calculation of the mean contents of

90

are the population-weighted means.
The 1976 levels in Danish fruit were calculated from apples
and the mean levels in Danish fruit were thus 1.0 pCi 90Sr/kg

Strontium=-90 and Caesium~137 in Total Diet from the

and 1.9 pci Y37cs/xkg.
5.7,
Entire Country

Sr and 137CS in Danish vegetables collected in 1976 (9°Sr in

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

In 1976 total-food samples representing an average Danish
diet according to E. Hoff-Jg¢rgensen (cf. Appendix B in Risg
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Report No. 631)) were collected from eight towns each represent-
ing one ¢f 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. In contrast to
previous experience, it was not possible in 1976 to see any
significant difference in the diet levels from Jutland and the
Islands.

Figures 5.7.1 - 5.7.4 show the zone mean levels (not popu-
lation-weighted) of S.U. and M.U. in total diet compared with
the predicted values (cf. Appendix C).

Table S.7.1
Strontium=-90 and Caesium=137 in Danish total diet collected in June 1376
zone oci %z g car t | pct ®sr aay ) gca gay ! | pct 12ca g 007 ] pei 1Men day!
I: North Jutland 31.4:0.0 5.3:0.0 1.54+0.00 2,3 8.8
Ix. East Jutland 2,.9:0.2 5.3:0.4 1.79+:0.00 2.0 8.1
I1X: West Jutland 4.2:0,2 6.5:0.2 31.56:0.02 1.7 A 6.2 A
IV:  South Jutland 3.0¢0.2 5.1:0.3 1.70:20.01 2.2 8.1
Vs Funen 1.2+0.0 5.6:0.1 1.74:0.00 2,9 10.1
vi: Zealand 3.5+0.0 5.7:0.1 1.63+0.01 1.9 7.8
Vii: Lolland-Falster 2,9:0.2 4.8:0.3 1.66+0.00 2.7 9.7
VIII: Bornholm 4,.8:0,3 7.9°0.4 1.66+0.00 2.4 10.8
Nean 1.9 5.8 1.66 2.2 8.6
Copenhagen 3.3:20.1 5.0:0.2 1.50:0.01 2.6 10.8
Population-weighted
nean 3.4 5.5 1.62 2.2 8.9
Relative error due
to analysis 7% 6% 13

Table 5,7,.2

Strontium-%90 and Caesium=-117 in Danish total diet collected in December 1976

lone pci 2% (g ca) | pci ®Csr day™d | g ca aay™! | pct 37cs (g 01| pet 1¥cs dayt
I: Korth Jutland 31.9:0.0 6.2:0.0 1,58:20.02 3,2 12.0
1. East Jutland 3.7:0.4 5.8:0,6 1.55:0,00 1.3 12.4
I11: West Jutland 3.8:0.1 5.8:0.3 1.53:0.02 3.8 14,2
IV:  South Jutland 3.7:0.1 5,0:0,2 1,4420.00 1.6 6.2
v Funen 2,7:0.1 4,7:0.2 1.74:0,01 2.3 8.7
vI: lealand 2,710.2 4.420,4 1,66+0,00 1,6 A 5,8 A
VII: Lolland-Falster 3.1-0.3 5.8:0.6 1.8820.02 3.0 14,1
VII1l: Bornhoim 3.9:0.2 6,2°0.4 1,60:0.02 1.9 8.2
Mean 3.4 5.5 1.62 2.7 10.2
Copenhagen 3,3:0.2 5.1:0,3 1,5510.01 3.3 12.4
Population~weightea
rean 3.4 5.3 1.%9 2,9 11,0
felative error due
to analysis 9 i0% 1s
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The 1976 levels in total diet were approx. 2/3 of the 1975
levels.

From the total-diet sampling it is possible to estimate the
mean levels of 9%y and 137cs in the Danish diet in 1976. For
the period January-April 1976, the 905: level in the total diet
is assumed to have been equal to that measured in December 1975,

Risg Report No. 3451). For the period May-September we assume

the level to have corresponded to that measured in June 1976.
The December 1976 figures are taken to represent the last three
months of the year. The population-weighted mean of 9°Sr in
total-diet samples was 5.2 pCi 908:/9 Ca in December 1975. Hence
the mean content in the total diet in 1976 was 4.0 pCi 90Sr/g Ca
or 7 pCi 905r/day.

Similarly, the 137

Cs content in the Danish diet in 1976 was

estimated to be 10 pCi 137Cs/day or 2.6 pCi 137Cs/g K.
wci se/g ca
0
20
0
I
O ws . wm . wn

Fig. 5.7.1. A comparison between observed (¢ 1 S.E.) and
calculated (curve, cf. appendix C) S.U.-levels in total diet
from the Islands.
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Fig., 5.7.2. A comparison between observed (+ 1 S.E.} and cal-
culated (curve, cf. appendix C) S.U.-levels in total diet from
Jutland.
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Fig. 5.7.3, A comparison between observed (* 1 S.E.) and cal-
culated (curve, cf, appendix C) pCi 137Cs/gl( levels in total
diet from the Islands.
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Fig. 5.7.4. A comparison between observed (¢ 1 S.E.) and cal-

culated (curve, cf. appendix C) pCi 137

diet from Jutland.

Cs/gK levels in total

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

5.8.1. Strontium-90 and Caesium-137 in Meat

Pork and beef samples were collected in Copenhagen in three
large shops in June and November. Table 5.8.1 shows the results.

Table 5.8,1

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

Species Unit June November Mean
pri 2%r kg™l 0.39 B 0.26 B 0.32
pci 2%z (g ca)”! 5.9 B 1,27 B 3.6
Pork
pci 13¢5 kg™! 27 17.6 22
pei 137cs (g 02 8.4 5.3 6.8
pci 2%z xg™1 0.98 A 0.38 B 0.68
pct 9%r (g cay”? 17.4 A 3.7 B 10.6
Beef
pct 137¢cg kgl 14.9 49 32
pci 137cs (g 971 4.5 17.8 11.2
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5.8.2. Strontium-90 and Caesium-137 in Fish

Fish samples were collected in inner Danish waters together
with the sea-water samples (cf. 7).Table 5.8.2 shows the results.
The mean levels in fish from 1976 were 59 pCi 13-,Cs/kg (8 samples)
and 0.52 pci %Sr/kg (8 samples).

Table 5.8.2

Strontium=90 and Caesium-137 in fish collected in 1976

Species | Location 3% r pei kg™l | %9x per (g car™t ] 1¥cs pei ka7 | 3 7cs poi (g 07T
The north part Meat 0.1 B 0.1 B 33 10,0
Plaice
of the Great Belt | Bone - 0.64 - -
The north part Meat 0.3 B 0.8 B 54 14,1
Herring
of the Great Belt | Bone - 0.08 B - -
The north part Meat 0.2 B 0.1 B 50 13.4
Cod
of the Great Belt | Bone - 0.35 - -
Meat 1.00 A 1.04 A 82 23
Plaice Redbyhavn
Bone - 0.80 - -
Redbyhavn Meat 0.3 B 0.4 B 64 15,0
Herring
"Fehmern Belt" Bone - 0.09 B - -
R @dbyhavn Meat 1.79 1.03 67 18.8
Cod
"Fehmern Belt” Bone - 1.12 - -
Meat 0.2 B 2.2 B 76 18.3
Herring Roskilde fjorad
Bone - 0.1 B - -
Meat 0,28 A 0.63 A 41 15.1
Eel Roskilde fjord
Bone - 0.59 - -

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

As compared with the corresponding sampling in 19741), the

levels were generally lower in 1976.

Table 5.83

Strontium=-90 and Caesium~137 in various foods collected
in December 1976

pci Vsr xg~1 | s.u. pci 137cs xg™! | m.u.
Orange 10,7 12.5 2,8 2.1
Banana 0.43 A 15.1 A 1.4 B 0.4 B
Cof fee 6.8 A 5.5 A 38 1.8
Tea 8.2 19.4 31 2,1
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5.9. Estimate of the Mean Contents of 905r and
Human Diet in Denmark in 1976

137Cs in the

5.9.1. The Annual Quantities

The annual quantities are calculated by multiplication of
the daily quantities by 365 (as stated by E. Hoff-J¢rgensen, cf.
Risgp Report No. 63, table Bl)).

Table 5.9.1

Estimate of the 90Sr content in grain products consumed

ver capita in 1976

Fraction from harvest Fraction from harvest
1975 1976 Total
Type p =T
kg flour | pCi kg pCi kg flour | pCi kg pCi oCi
Rye flour
(100% ex- 21.9 20 438 7.3 22 161 599
traction)
wheat flour
{75% ex- 32,9 4.0 132 10.9 3.4 37 169
traction)
Grits 5.5 12.4 68 1.8 11.2 20 88
Total 60.3 10.6 639 20.0 10.9 218 857

5.9.2. Milk and Cream
90 137

The
from the annual mean values for dried milk (cf. tables 5.1.1 and

Sr and Cs contents per kg milk were calculated
5.1.3). 1 kg~ 11 milk, containing approx. 1.2 g Ca and 1.66 g
K. Hence the mean contents in milk were 4.1 pCi 90Sr/kg and 4.3
pCi 137Cs/kg.
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Table 5.9.2

137

Estimate of the Cs content in grain products consumed

per capita in 1976

Fraction from harvest Fraction from harvest
1975 1976 Total
Type 1 a7
kg flour | pCi kg pCi kg flour } pCi kg pCi nCi
Rye flour
(100% ex- 21.9 17 372 7.3 11.8 86 458
traction)
Wheat flour
(75% ex- 32.9 4.6 151 10.9 2.4 26 177
traction)
Grits 5.5 12.3 68 1.8 7.0 12.6 81
Total 60.3 9.8 591 20,0 6.2 125 716

5.9.3. Cheese

One kg of cheese contains approx. 8.5 g Ca and 1.2 g K.
The 90Sr and 137Cs contents in cheese were calculated from these
figures and from the S$.U., and M.U. levels in dried milk (cf.
tables 5.1.1 and 5.1.3). One kg of cheese appeared to contain

28.9 pci 905: and 3.1 pCi 137Cs.

Table 5.9.3

Estimate of the mean content of 905: in the human diet in Denmark in 1976

Type of food Annual pCi 905: Total Percentage of
qrﬁ“;;ty per kg pci 2%r  |total pci %k

in food

Milk and cream l64.0 4.1 672 27.9

Cheese 9.1 28.9 263 10.9

Grain products 80.3 10.7 859 35.6

Potatoes 73.0 1.7 124 5.2

Vegetab les 43,8 6.6 289 12,0

Fruit 51.1 2,3 118 4,9

Meat 54.7 0.4 21.9 0.9

Eggs 10.9 0.9 9.8 0.4

Fish 10,9 0.5 5,4 0,2

Coffee and tea 5.5 7.3 40 1.7

Drinking water 548 0.02 11 0.3

Total 2413

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

praeparata), Hence the 9°Sr/ca ratio in the total diet was 3.9 5.U.

in 1976.
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5.9.4. Grain Products

Tables 5.9.1 and 5.9.2 show the estimates of 7%sr and !37cs

respectively, in grain products consumed in 1976. From these
tables, the activity levels in grain products were estimeted at

10.7 pCi 90Sr/kg and 8.9 pCi 137c8/kg.
Table 5.%2.4
Estimate of the mean content of ll‘lc, in the human diet in Denmark in 1976
Type of food q::::::y pCi l.l'l(3 h::‘ll PQrcnntfq:]?,l
in kg per kg pCi Cs totai“pg;n Cs
Milk and cream 164.0 4.3 708 17.3
Cheese 9.1 3.1 12 0.3
Grain products 80.3 2.9 716 17.6
Potatoes 73.0 2.2 161 4.0
Vegetables 43.8 2.8 123 3.0
Fruit 51.1 2.0 102 2.5
Meat 54.7 25.1 1384 340
Eggs 10.9 2.7 29 0.7
Fish l10.9 59 643 15.8
Coffee and tea 5.5 35.7 19¢ 4.8
Drinking water 548 0 0 0
Total 4071
AS the approximate intake of potassiur was 1365 g, the oci 227¢s (g ©)7!
ratio was approx. 3.0. The daily mean intake in 1976 was 11.2 pCi U’Cs
per capita.

5.9.5. Potatoes

The figures in table 5.5.1 were used, i.e. 1.7 pCi 9°s::/):¢;
and 2.2 pci 137cs/xg.

5.9.6. Vegetables

Table 5.6.3 shows the calculation of 903: and 1376: in
Danish vegetables consumed in 1976. The mean contents were 6.6
pCi 9OSr/kg and 2.8 pCi 137Cs/kg.

5.9.7. Pruit

The levels in imported fruit in 1976 are assumed to be
equal to the mean levels found in oranges and bananas collected

1 4
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in Copenhagen in 1976, i.e. 5.6 pci OSr/kg and 2.1 pci Y37Cs/kg.
The mean levels in Danish fruit (apples) in 1976 were 1.0 pCi
90Sr/kg and 1.5 pCi 137Cs/kg (cf. 5.6). The daily mean con-
sumption of fruit consisted of 100 g of Danish and 40 g of
foreign origin. Hence the mean contents in fruit were 2.3 pCi
905r kg and 2.0 pci 13cs/xg.

137

5.9.8. Meat

20 13

Sr and 7Cs in meat were cal-
culated from table 5.8.1: 0.4 pCi 90Sr/kg and 25.3 pCi 137Cs/kg.
{In a Danish diet meat comprises 2/3 pork and 1/3 beef).

The annual mean values of

5.9.9. Fish
90

The Sr and 137Cs contents in fish are estimted from
table 5.8.2 at 0.5 pCi 90Sr/kg and 59 pCi 137Cs/kg.

5.9.10. Eggs

The activity contents in eggs were estimated from a 1975
sample collected in Copenhagen. The levels were 0.9 pCi 90Sr/kg
and 2.7 pCi 137Cs/kg.

5.9.11. Coffee and Tea

One third of the total consumption consists of tea and two
thirds of coffee. The mean contents from table 5.8.3 were used:
7.3 pci 2%sr/kg and 35.7 pci 137cs/kg.

5.9.12. Drinking Water
90

Th 2 Sr level (population-weighted mean) found in drinking
water collected in June 1973 was used as the mean level for
drinking water, i.e. 0.02 pci 2%Sr/1. The 137
drinking water is assumed to be negligible, bzscause it cannot
be detected even in surface fresh water (cf. 4.4).

Cs content in

5.9.13. Discussion

Tables 5.9.3 and 5.9.4 show the estimates of 9°Sr and 137Cs
in the Danish diet in 1976. The figures should be compared with
the levels calculated from the total-diet samples (cf. 5.7).

The 9OSr estimates obtained by the two methods were 3.9 S.U. and
4.0 S.U. respectively, and the 137Cs estimates were 11 pCi
137cg/day ana 10 pci 137ce/day.
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The relative contributions of %0

Sr from milk products (~ 39%)
and from grain (36%) were similar to those in 1975. The con-
tribution from potatoes, other vegetables, and fruit was ~ 22%,
i.e. also nearly unchanged from 1975. The relative contribution
of 137Cs in the total diet changed as follows from 1975 to 1976:
milk products were a little higher (16 to 18%), grain products
decreased from 31 to 18%, and meat was higher (25 to 34%). Fish
contributed nearly 16% to the total 137Cs intake in 1976.



6. STRONTIUM-90 AND CAESIUM-137 IN MAN IN 1976

6.1. Strontium-90 in Human Bone

The collection of human vertebrae from the institutes of
forensic medicine in Copenhagen and Arhus was continued in 1976.
As in the total-food survey (cf. 5.7), the country was divided

Table 6.1.1

Strontium-90 in bone from new-born children (< 1 month old) in 1976

Zone Age in Month Sex pCi 905: (g Ca)-1
days of
death
VI 2 3 F 1,20 A
v 30 ~ 5 F 0.85*
*] samples combined in one analysis,

Table 6.1.2

Strontium-90 in bone from infants (< 4 years old) in 1976

Zone Age in years Month Sex pCi 9°Sr (g Ca).1

and months of

death

II 4m 8 M 1.48
VI ly 4 M 1.00 A
Vi 4 m 9 F 1.01
VI 4y 10 F 1.0 B
VI “4dm 4 F 1,24*
VI v2m - F 1.09*
vi v ém ~ o6 F 1.15**
VI ~3m 10 F 0.93"*
* 4 samples combined in one analysis
**2 samples combined in one analysis
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into eight zones. The samples were divided into five age groups:
new-born (< 1 month), infants (1 month-4 years), children and
teenagers (5 - 19 years), adults (< 29 years) and adults
(> 29 years).

Tables 6.1.1 - 6.1 5 show the results for the five groups.

The levels were on the average two-thirds of those in 1975.
The highest mean level in vertebrae was found in infants, but
the levels in the different age groups were not much different.

Table 6.1.3

Strontium=-90 in bone from children and teenagers (< 19 years) in 1976

Zone Age in Month Sex pci sr (g cay”?

years of

death

1 11 7 M 1.12
11 17 9 F 0.71
11 5 8 M 1.40
I1 17 8 M 1.26
11 8 9 M 1.04
111 18 6 7 0.91
VI 9 2 F 0.4 B
VI 18 10 F 1.5
VI 14 .2 F 0.86
VI 14 F 1.28
VI 19 10 F 0.54
VI 17 M 0.94
VI 14 M 0.84
VI 19 M 0.74
Vi 15 10 M 0.93
VI 15 10 2 1.2 B
VI 9 3 M 1.03
VI 15 2 i 1.2 B
VI 18 4 M 0,51
VI 15 5 M 0.66
vi 18 4 M 0.84
VI 9 4 M 1.30 A
VI 17 11 M 0.94
Vi 16 11 ] 0.90
VI 15 11 M 0.74
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_Table 6.1.4

Strontium=90 in vertebrae from adults (< 29 years) in 1976

Zone Age in Month Sex pCi 905: (g Ca).1
years of
death

1 26 8 " 0.66
11 21 9 M 1.17
11 29 9 o d 0.82
11 23 9 M 0.77
11 25 6 M 1.02
11 22 8 i1 0.87
III 20 6 M 1.08
111 27 8 M 0.79
Vi 23 10 F 1.42
VI 23 10 F 1.01
Vi 22 9 F 0.70
VI 22 5 F 0.86
VI 22 11 F 0.85 A
VI 23 11 F 0.64
VI 24 1 " 1.16 A
VI 25 1 M 1.99
VI 26 1 " 1.42
\'2 1 26 1 " 1.42
VI 20 3 M 1.62 A
Vi 27 2 M 0,88
Vi 23 3 M 0.93
vl 25 2 4 1.21
A4 29 2 M 1.29
vl 26 3 M 0.77
V1 24 4 M c.98 »
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Table 6.1.5
Strontium=-90 in vertebrae from adults (> 29 years old) in 1976
Zone Age in Month Sex pci Psr (g ca!
years of
death

1 42 9 F 0.80
I 51 6 M 0.78

83 3 M 1.43
II 45 5 F 0.51
II P 8 F 0.77
II 54 6 F 0.81
11 69 8 F 0.8 B
11 63 7 M 1.26
II 37 7 M 2.39
11 47 7 M 1.03
11 44 8 M 1.01
II 68 6 M 1.66
11 30 ] M 0.85
II 41 8 M 0.58
II 96 ] M 1.21
III 67 5 F 0.95
1994 40 9 F 1.10
III 31 8 F 1.05
III 57 9 M 1.00
Iv 47 7 F 0.52
v 79 7 F 0.90
VI 36 2 F 1.52 A
VI 35 2 F 0.75%
Vi 39 2 F 0.65
VI 30 5 F 0.85 A
VI 34 5 F 0.84

Table 6.1.6

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

Age group Number of Number of Min, Max. Median Mean of Sample nurber
sanples analysis analysis weighted mean

New-born

(< 1 month) 4 2 0.85 1.20 1.03 1,03 0,94

Infants

(< 4 years) 16 8 0.93 | 1.48 1.07 1.12 1.13

Children

{< 19 years) 25 25 0,29 1.48 0.93 0.95 0.95

Adults

(< 29 years) 25 25 0,64 1.99 0.98 1.05 1,05

Adults

(> 30 years) 26 26 0.51 \ 2,39 0.91 1,01 1.01
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6.2. Caesium-137 in the Human Body

Whole-body measurements were initiated at Risg in July 1963
(cf. 2.3 in Ris¢g Report No. 851)).
Health Physics Department was selected and has since then been

A control group from the

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

The annual mean value of the control group was 9.5 pCi
137Cs/g K. As earlier, we shall consider this fiqure represen-
tative of the mean of the Danish population in 1976. The total-
body content of 137Cs in 1976 for a standard man containing 140
g of potassium equals 140 * 9.5 « 10™2 nci = 1.3 nci 37cs, i.e.
approx. 80% of the 1975 level.

Figure 6.2 shows the mean M.U. values (with one S.E.) for
men and women measured in 1963-1976.

The maximum was reached in August 1964. The figure also
shows that the mean level in the male group was approx. 1.3-1.5

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

Whole-body measurements of caesium=1)7 and potassium in 1976

TN sex Countinyg Age | Height | Weight MU oli s kg-r 3 K kq.I
date in cm in kg i1n body body weight
2 F Apr:l 28 165 52 13.6 21
4 F - 52 161 59 10.1 13.8 1.4
7 F - 48 171 63 (2.5 Q. 1.2
8 » - a4 133 Te 40 70 1.7
10 M - 24 270 (1] 14.4 26
11 M - 28 172 74 10.1 18.8
12 M - 8 174 80 2.4 B 3.5 B 1.4
15 3 - 40 165 52 (2.5) (3.95) 1.4
18 M - 37 178 80 6.2 9.9 1.6
0 M - 13 172 69 7.8 12.8 1.6
22 . - 53 183 72 2.58 4.2 B 1.7
27 M - 19 170 63 1.4 B 2.4 B 1.7
3o M - 30 168 61 2.9 B 4.8 B 1.6
33 M - 44 183 62 12.1 24 2.0
35 " - b1} 181 74 1.78B z.a 8 1.6
19 ¥ - 27 172 648 2.5 {3.0) 1.2
43 M - 54 167 €9 21 E2) 1.6
44 F - 26 170 54 6 B 52 B 1.4
48 F - 7 162 51 12.8 i16.8 i.3
57 ] - 26 187 78 3.18B 5.4 8 1.7
59 M - 29 190 82 2.0 B 3.3 8 1.7
62 M - 41 173 71 7.6 A 12.6 A 1,7
2 F Aug 27 165 52 9.1 15.0 1.7
7 F - 4 171 LE] 9.1 A 14.2 A 1.6
8 M - 44 193 78 20 is 1.9
10 M - 23 171 63 12.3 24 2.0
19 L - n 174 [1] 10.3 13.4 1.9
20 M - 4) 172 69 13.4 22 1.6
2 " - 82 183 72 11.9 3 129
23 ) - 43 192 7 2.7 B .98 1.8
4 L] - 4“ 17 7% T.6 A 14.7 A 1.9
6 r - k] 160 ¢ 8.2 M 1.)
30 " - E ] 168 60 9.7 17.9 1.9
32 F - 47 157 62 16.4 25 1,6
3 L - 4“ 104 61 n $7 2.0
35 L} - 34 18 7% 17.4 33 1.9
4) L3 - [T} 167 (1] 7.2 A 1.6 A 1.9
44 r - 6 170 83 15.% 2 1.5
4 r - k1 162 30 12.0 17.7 1.5
so0 M - 20 169 67 i 60 1.9
51 ] - 4“ 175 [ 1] 14.2 27 1.9
4 r - 35 163 60 15.9 20 1.3
€0 r - » 164 9 16.7 21 1.3
€1 r - n 158 43 17.¢ 28 1.5
62 " - 40 173 (1] 11.0 31 1.8
2 | 4 Dec 20 165 52 12,9 {3,5%) 1.4
7 r - 4" m “ 14.3 17.1 1.2
] L - “ 193 7T 2,9 (6.5) 1.9
10 " - 24 171 6) {2.%) 3.0 1.%
12 L - Je 17+ [} (2.5) (4.2} 1.7
19 ] - L] 174 " (2.9) (4,9%) 1.9
20 " - 44 172 (14 2.9) (4.0) 1.6
32 L - 5) 10 72 (2.5) (4.5) 1.9
23 L - 46 192 [ ] (2,5} 4.0) 1.8
4 " - 45 170 [ 3 {2.%) (3.0 1.%
25 r - » 167 56 h1] 41 1.2
0 » - 30 168 63 1.5} (4.9) 1.6
kT 4 - 47 157 61 (2.5) (2.0 1.2
L) n - » 177 70 (2,5) (4.0) 1.8
35 " - 3% 181 76 (2,5) 4.2) 1.7
b1 |4 - 7 m (1} 2.5 (3.9 1.4
4 n - 59 167 (34 2.5 (4.0) 1.4
40 F - 37 162 50 (2,5) (3.9) 1.4
53 r - 50 154 99 (2.5) 2. 0.9
54 r - R1] 16) 61 (2.9 12.%) 1.0
$7 ] - 27 167 80 12.%) (4,5 1.0
59 L - 9 190 L L 1.5) 4.0) 1.4
61 r - n 158 4" 2,9 (3.2) 1.3
[3) L4 - 4 166 73 3.7 89 4.08 1.1

Figures in brackrts relate to results below detection limit, They were estirsted ot
half of detectlon 1imlt.
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7. STRONTIUM-90 AND CAESIUM-137 IN SEAWATER IN 1976

As in previous years, seawater samples were collected by
M/S Fyrholm in the summer and late autumn from inner Danish
Waters (cf. table 7.1 and figs. 7.1 and 7.2). PFurthermore,
seawater samples were collected at Barsebdack in the Sound
(table 7.2), and at Ringhals in the Kattegat (table 7.3). The
DANA took samples in the North Sea and the Skagerak in February
and in June (table 7.4).

In Risgp Report No. 3051) it was suggested that the in-

90Sr and 137

creasing Cs levels observed in 1973 in inner Danish
waters were due to contamination from inflow of water from the
North Sea contaminated with 137 0
in the UK and France.

In accordance with this hypothesis, the 9OSr concentration

Cs and Sr from nuclear plants

increased especially in seawater of high salinity as shown in
the following regression equations:

pci 2%sr 171 = 0.94 - 0.018 o/00 (1967-71)
pci 2%r 171 = 0.97 - 0.020 o/00 (1972)
pci %r 171 = 0.95 - 0.014 o/00 (1973)
pci 2%r 171 = 0.93 - 0.010 o/o0 (1974)
pci %sr 171 = 0.79 - 0.006 o/00 (1975)
pci %sr 171 = 0.71 - 0.002 o/00 (1976)

(The regression analysis showed significant or probably
significant regression in all cases except in 1973, 1975 and
1976).



2.1

Table

Strontium-90 in sea water collected arouad Zealand iz Junme and lcvember 1976

Posttion June Novenber
x £ [ aepen PUse _ [satiniey] Ve | demen [PO5e _ Psatiary | Vs
inma JpCi 1 a/ 00 <t 1 ianm foCi L o/oe #ci 1
Kullen 56213 | 12925 0 0.64 18.% c.02 ¢ 29.9 1.2%
- 22 3.2 1.02 23 0.4 4.3 1.38
Hessels 56%10° | 11%7° 0 0.7¢ 18.2 0.77 0 0.¢8 2.6 1.18
- 22 0.43 3).4 0.9¢ 25 29.3 1.67
Kattegat Su 56271 | 11°10° 0 0.66 15.1 0.87
- T 3.0 0.9
Asnas reef 55238° | 10%7* ° 18.0 0.95 e 0.68 24.3 1.16
- . % 0.52 32.1 1.2 .2 ».7 1.38
Halskov reef 15%20° | 11%2° 0 14.6 0.88 ° 0.7% 5.8 0.94
. - " 2.0 1.29 ey 0.66 293 1.3
Langeland belt 54%52° | 1050 ° 12.¢ 0.8 0 lost 2.8 0.9¢
- - a7 3.2 1.51 so 0.8) ».7 1.0%
Fehmern belt 54%36° | 11%s5° 9 10.3 0.7y 9 0.7% 19.9 0.80
- - 30 28.0 0.8 24 lost 2.5 1.5
Gedser reef 54%2¢° | 12%12° [ TN 0.6l ° 2.88 13.% 0.48
. - 2 0.62 17.8 0.1 23 3.6 0.94
Asen 54957 | 12°41° 0 0.48 8.1 3.72
- 20 13.4 0.00 20 0.0 lost 1.03
The Sound - south $5°25° | 12%0° 0 0.67 7.9 0.55% 0 25.7 0.62
- . - 12 ’.1 0.55% 12 0.6¢ 2.8 1.08
The Sound - north A | 58%s' | 12°44" [} 0.46 19.9 0.9% [} 1.7 0.9%)
- - - 20 15.4 0.7¢ 19 0.5 1.5 1.27
The Sound - porth B | 55959° | 12%42° [ 19.2 0.9 o 0.6 22.9 c.s0
- - - 27 0.47 32.3 1.20 27 0.54 32.7 1.32
Kean Sucface] 0.64 14.4 0.81 Surfac1 0.7 2.3 0.87
D 0.09 4.5 °.12 0.08 5.6 0.28
SE 0.04 1.3 0.04 0.0} 1.8 0.09
Rean sottom | 0.51 21.) 0.9 soteom | 0.65 9.9 1.27
sD 0.99 s.8 0.26 0.1) 4.0 0.2?
$E 2.0 2.5 0.00 0.05% 1.3 0.07
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Table 7.2

Strontium-90 and Caesium=137 in sea water collected in the Sound (Barsebdck) in 1976

Position June December
N E gepth [*%sr _ | 137cs_| | salinity | deptn [!?7cs_, | saliniey
in m pCi 1 pCi 1 2/00 in m pCi 1 o/00
55°42'08"]| 12954 0 0.55 0.71 19.1 0 0.69 11.8
="- -- 14.5 0.51 1.03 24.1 14 1.13 18.8
55047'05' 12°51707" 0 0.63 1.22 19.9 0 0.81 lost
-Fa - 16 0.59 1.13 26.0 15 1.23 27.7
Mean Surface|] 0.59 0.97 19.5 Surface] 0.75 11.8
SD 0.06 0.36 0.6 0.08
SE 0.04 0.26 t.4 0.06
Mean Bottom 0.55 1.08 25.0 Bottom 1.18 23.2
SD 0.06 0.07 1.3 0.07 6.3
SE 0.04 0.05 1.0 0.05 4.4
Table 7.3

Strontium~-90 and Caesium-137

in sea water collected at Ringhals in July 1976

Position depth 905: pCi 1_1 137Cs pCi 1-1 Salinity

N E inm o/o0
57°16°05" | 126" 0 0.71 0.90 20.7
-n - - - 15 0.65 1.05 35,9
57°13'03" | 12°03'04" 0 0.71 0.91 28.3
-" - - 24 0.84 1.16 31.6
57°14° 11953706 0 0.68 0.96 10.7
- -"- 74 0.93 0.90 33.2
Mean Surface 0,70 0.92 19.9
s.D, 0.02 0.03 8.8
S.E. 0.01 0.02 5.1
Mean Bot tom 0.81 1.04 33,6
s.D. 0.14 0.13 2.2
S.E. 0.08 0.08 1.2
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Table 7.4

Strontium=-90 and Caesium~137 in sea water collected
at the North Sea in 1976

Position Date 905y pci 171 | 137cs pei 17t saéjggty
57°30'N 08°%0'E| Feb 2 0.44 0.77 34.0
61%3'n 01%5'W - 0.12 0.25 34.9
59°32'N  00%44°E - 0.32 1.64 34.6
59°21'N 02957°'E - 0.18 0.57 34.9
54°18'N 07°%44'E} - 0.66 1.14 1.1
55°18'n  05%0'e| - 0.96 1.78 34.6
59951'5  03Y28°'E| June 21 0.13 0.50 34.5
56°42'N 06°43'E | June 18 0.66 1.60 33.2
56°37'N  04°35'E| June 19 0.44 1.37 34.3
56°15'N  05°30'E| June 19 0.80 1.32 34.1
56°15'N 07°30'E} June 17 0.78 1.41 33.7
57°14°'n  01°54'E] June 20 0.43 1.57 35.0
Mean 0.49 1.16 34.1
S.D. 0.28 0.51 1.1
S.E. 0.08 0.15 0.3

In analogy with 90Sr, the following regression equations
137

were found for Cs in inner Danish waters:
pci 137cs 171 = 0.80 - 0.0043 o/00 (1972)
pci 137cs 171 = 0.60 + 0.012 0/o0  (1973)
pci 137cs 171 = 0.54 + 0.018 0/00  (1974)
pci 137cs 171 = 0.64 + 0.010 o/o0  (1975)
pci 137cs 171 = 0.53 + 0.019 o/00  (1976)

(The regression analysis showed a significant regression
in 1974 and 1976, probably significant in 1973 and 1975, and
insignificant in 1972).

According to the above regression lines, the mean levels
in Danish surface waters (16 o/oo salinity) have been relatively
constant since 1972. The mean 908: concentration was estimated
at 0.70 2 0.05 (18D) pci 171 and the 137cs 1level was 0.80 %0.04
pci 171,
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Fig. 7.1. Strontium-3%0 in surface sea-water from inner Danish
waters, 1962-76 (1 S.D. indicated) (from table 7.1).
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Fig. 7.5, Concentrations (pCi/l) of 137C5 and 905: (italics)
in surface sea-water collected in February (+) and June (®) 1976.
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8. SPECIAL SURVEYS

8.1. Meteorclogical Mast Experiments

No samples were collected in 1976.

8.2. Fission Product Ratios in Aiir Samples Collected at
Different Heights in the Meteorological Mast

No samples were collected in 1976.

8.3. Human Milk

No human milk samples were collected in 1976.

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

8.4.1. State Experimental Parms
1)

As in previous years™’, the y-background was measured at
the State experimental farms (cf. fig. 4.1.1). Table 8.4.1.1
shows the results, and table 8.4.1.2 gives the analysis of
variance. The variation between locations was highly significant
(P > 99.95%). As previously, it was evidently not the fall-out
that determined the variation between locations. The mean level
in 1976 was lower than the 1975 level.

FPig. 8.4 shows the y-background since 1962 in four groups
of sampling stations. The fact that stations with a low fall-
out rate and a high clay content in the soil (Abed, Blangsted-
gdrd, and Tystofte) show higher y-levels than stations with a
high fall-out rate and a low clay content (but a high sand
content) (Studsgérd, St. Jyndevand, and Askov) was discussed in
Risg Report No. 1541’.
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Table 8.4.1.1

¥-background at the state experimental farms in 1976 (uR/h)

June-July October December Mean
Tylstrup 5.2 4.7 5.6 5.2
Studsydard 4.3 4.2 4.4 4.3
2dum 6.3 5.7 6.0 6.0
Askov 5.3 5.8 5.3 5.5
St. Jyndevad 3.8 5.5 4.6 4.6
Blangs tedgdrd 6.2 5.5 5.8 5.8 ]
Tystofte 5.8 7.4 7.4 6.9 .
Virumgard 5.1 5.5 5.9 3.5
Ledreborg 5.2 £.0 5.7 5.6
Abed 5.1 6.4 6.4 6.0
Tornbygard (6.4) 6.8 (6.9) 6.7)
Mean (5.3} 3.8 (5.8) 5.6

Table 8.4.1.2

Analysis of variance of the y-background
at the state experimental farms in 1976
(from table 8.4.1.1)

Variation SSD f sz v2 4
Between locations 92.948 10 9.295 6.289 | > 99.95%
Between months 7.285 2 3.632 2.458 -
Loc. x months 26.602 18 1.478 12.546 | > 99.95%
Remainder 17.199 | 146 0.118

L WA n - Alrkedy
A} e—v Abec, Blangstedgird, Tysiofte
.f;/:\:/,'lﬂ a----a Veungird, Bdum, Tyistrup
! -~ v S Jyngeved, Ashos, Studsgird

™62 1983  MEL 1S W66 W7 | mes 1968 !0 1971 T 1972 1973 T WA T 1915 1976

Fig. 8.4, The y-background at the State experimental farms, 1962-76.
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8.4.2. The Ris¢g Environment

Gamma background measurements were performed in the five
zones round Ris¢g. The measurements were carried out ac the
locations where grass is collected (cf. figs. 3.1.2.1 and
3.1.2.2 {the coloured map)).

Tables 8.4.2.1 and 8.4.2.2 show the results.

At all locations in zone I, especially at the waste treat-
ment station (location 3), the y-background showed increased
levels because of the various radiation sources at the research
establishment. The weighted annual mean for zones III-V was
5.9 yR/h. 1In zone I the excess activity from the research
establishment was 17.8 - 5.9 = 11.9 yR/h (in 1967: 4.0, in 1968:
3.9, in 1969: 3.3, in 1970: 4.7, in 1971: 1.6, in 1973: 11.5
in 1974: 16.0 and in 1975: 21.2 uyR/h). A man working in the
open in the Ris¢g area 40 hours a week for 45 weeks a year would
thus get an excess dose of 21 mR/year.

y=background (uR/h) in Zone I around Ris¢ in 197¢

Location Feb 2 July 1 Aug 2 Sept 1 Oct 1 Oct 29 Nov 29 Mean
1 5.8 5.6 6.1 5.9 6.0 5.9 5.9 5.9
2 8.0 7.0 6.8 7.3 7.3 6.7 7.9 7.3
3 78.4 $6.3 61.0 63.3 26.1 44.5 44.7 54.9
4 7.4 6.4 6.2 6.6 6.4 6.3 6.4 6.5
5 14.9 15.5 14.4 15.3 13,2 13.2 13.2 14,3
Mean 22.9 20.1 18.9 19.7 11.8 15.3 15.6 17.8
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Table 8.4.2.2

y-background {uR/h) in four zones {II-V)} arcund Risg in 1976

*Ris¢ zone Location Jan Feb July Aug Oct Nov Mean
11 1 6.6 5.3 5.2 5.1 5.6 5.6
- 2 7.2 6.0 6.0 6.0 6.2 6.3
- 3 6.2 5.0 4.9 4.9 5.2 5.3
- 4 6.6 5.5 5.8 5.7 6.1 5.9

Mean 6.6 5.4 5.5 5.4 5.8 5.7
I11 1 7.4 6.3 6.8 6.9 7.2 6.9
- b 7.0 5.7 5.8 5.7 5.8 6.0
- 3 6.6 5.2 5.3 5.2 5.9 5.6

Mean 7.0 5.7 6.0 5.9 6.3 6.2
v 1 5.8 4.8 5.4 5.4
- 2 6.8 5.1 5.5 5.8
- 3 6.8 5.0 5.4 5.8
- 4q 7.0 5.5 5.3 5.9
- 5 5.4 5.7 5.6 5.6
- 6 6.2 4.5 4.8 5.1
- 7 6.€ 5.4 6.0 6.0

Mean 6.4 5.1 5.4 5.6
v 1 6.2 7.2 6.6 6.7
- 2 7.0 6.2 6.4 6.5
- 3 6,0 5.0 5.2 5.4
- 4 6.0 5.3 6.1 5.8
- 5 6.8 5.8 5.7 6,1
- 6 6.6 5.5 6.0 6.0
- 7 6.0 7.0 7.2 6.8
- 8 6.2 5.5 6.4 6.0
- 9 7.0 5.7 6.1 6.3
- 10 6.2 4.9 5.3 5.5

Mean 6.4 5.8 6.1 6.1
*(cf, coloured map in Rise¢ report No. 3231)).
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8.5. Environmental Surveys at Barsebidck, Ringhals ard in other

Marine Environments

Sweden is operating nuclear power plants on the Sound at
Barsebdck and on the Kattegat at Ringhals. At present two units

“‘\\

Barseback

V 5545

O

O
O
+

@,
1250 1300
Pig. 8.5.1. Sampling locations for sea-water (+) bed soil (0),
sea animals (x) and =eaplants (A) at Barsebick.
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are in operation at each site. As both locations are close to

Danish waters and fishing grounds, the marine environment around
them is monitored by collection of seawater (table 7.2 and 7.3),

sediments (8.5.1) and biological samples (8.5.2).

(/\Af/ <7 AN 5720

57°15°

®

® © N,
o,

12'05° 12100

12°00°
Fiq. 8.5.2. Sampling locations for sea-watur (+) bed soil (o),
seaanimals (x) and seaplants (a) at Ringhals.
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8.5.1. Sediment Samples

The sediments were taken by the HAPS samplerls)

and 3 cm
thick sections were analysed to a depth of approx. 15 cm.
Anova's (tables 8.5.1.3 and 8.5.1.5) showed that the 137Cs
levels were similar to those observed in 1975. The vertical
distribution sometimes showed a maximum in the 3-6 cm layer,
probably an indication of the 1962-63 fall-out peak. The inte-
grated mean levels in the sediments were estimated at approx.
15 mCi km 2 at Barseback (tables 8.5.1.1-8.5.1.2). Sediments
from Ringhals (table 8.5.1.4), the Great Belt (table 8.5.1.8)
and the North Sea (table 8.5.1.9) showed similar, integrated
13-’Cs levels. A few sediment samples (tables 8.5.1.1, 8.5.1.2
54Hn, 58Co and
Co indicating releases of corrosion products from the plant.

and 8.5.1.7) near Barseback contained traces of
60

Table 8.5.1.1

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

Depth - _
Position in pCi 137cs kg 1 mCi 137Cs km 2 Traces
cm
55%44°07"8 12°53'01"E 0-3 820 5.8 44n
-" - - - 3-6 162 A 1.7 A
- - - 6-9 130 A 1.0 A
- " - - " - 9=-12 5.D.L B.D.L
-" - -" - 12-15 B.D.L B.D.L
0-15 T 8.5
55C43'08"% 12954°04"E 0-3 1091 6.4
- - -" - 3-6 460 4.3
- - -" - 6-9 20 1.2
-"- -" 9-12 107 1.5
-" - - 12-15 13 B 0.2 8
0-15 T 13.6
55%44°00"y 12%s6"02"¢ 0-3 106 4.1
-" - - 3-6 82 3.5
-" - -" - 6-8 124 3.3
0-8 1 10.9
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Table 8.5.1.2

Cacsium-127 in bed scil ccllected at Barsebi3ck in December 1976

Depth - -
Position in pci 137cs kgl | mci 137cs xm 2 | Traces
cm
(o] o2
55°44°07"N 12°53'01"E 0-3 970 6.2
-" - - - 3-6 470 4.8
- - -" - 6-9 360 4.7
- - - " - 9-12 84 0.8
0=-12 I 16.5
55°43%08"% 12°54°04"E 0-3 1270 8.1 ss
Co,
-" - - - 3-6 680 7.2 r S.Hh
GOCO‘
-" - - " - 6-9 330 3.1
- - - - 9-12 180 1.8
-" - - " - 12-15 B.D.L B.D.L
0-15 r 20.2
55°44°00"N 12°5¢°02"E 0-3 790 2.7
.- - - - 3-6 940 7.4 $0¢o
- " - -7 - 6-9 110 A 1.3 A
- " - -" - 9-12 %8B 1.0 B
-® - - - 12-15 156 2.2
0-15 L 14.6
*Reference to table 8.5.1.4
Table 8.5.1.3
. . 137 -2
Analysis of variance of 1n Cs mCi km
in bed soil from Barsebick 1975-1976
vari « 2 2
ariation S5D 4 ] v P
Between month 3.885 3 1.295 3.58) -
Between depth 14.692 4 3.673 10.161 > 99.91
Between location 0.816 3 0.272 2,442 -
Between month x depth 3.976 11 0.361 3.775 > 97.5%
Between depth x location 1.207 7 0.172 1.801 -
Between month x location 0.301 5 0.060 0.629 -
Between month x depth x loc, 1.053 11 0.09¢




Table 8.5.1.4

Caesium-137 in bed soil collected at Ringhals in July 1976

Depth

Position in pcr 137%s kg™l | mei 137cs km?
CR
57°15°01"8 12%03°07"E 0-3 159 3.8
- - 3-6 103 3.7
- - . -9 103 3.7
- . - 9-12 36 1.46
- - 12-13 B.D.L B.D.L
0-13 I 12.7
! 57°16°05"N 12%06°03°E 0-3 101 3.0
- _ - 3-6 74 2.6
- ® o - 6-9 26 B 0.92 8B
- - 9-12 B.D.L B.D.L
- - - 12-13 B.D.L B.D.L
0-13 I 6.5
57°17'01"8 12°07'02"E 0-3 248 0.93 B
- -m - 3-6 73 A 2.74 A
- - 6-9 48 A 1.70 A
- -" . 9-12 58 A 1.38 A
0-12 I 6.8
57°13'03"8 12%03'04"E 0-3 250 4.5
- P oo - ? - 3-6 190 6.2
-" . - " 6-9 58 1,94
- -" - 9-12 63 2.2
- . -" - 12-13 228 0.3 8
0-13 £ 15,1




Table 8.5.1.5

- 9§ =

Analysis of variance of In 1'"(:: aCi Im.z
in bed soil from Ringhals 1975-197¢

variation SSD £ sz v2 | 4
Between month 0.09) 1§ 0.093] 0.552 -
Between depth 1.988) 3| 0.663 3.943 > 97.5%
Between location 3J.665 k| 1.222 7.270 > 99, 5%
Between month x depth g.087| 3 | 0.029{ 0.101 -
Between depth x location 0.930 8] 0.116 0.404 -
Between month x location 0.327 31 0.109 0.378 -
Between month x depth x loc. | 1.441} 5 o.zlfl

Table 8.5.1.6

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

Depth - -
Position in pci 137cs kg™l | mci 137cs k"2 | Traces
cm
55%59°N 12%42°E 0-3 250 3.6
T 3-6 220 4.1 Shen
0.6 7.7

Table 8.5.1.7

Zink-65 and Cobalt-60 in bed soil (3-6 cm)
collected at Barsebick in December 1976

Posi tion Isotope | pci kg™ | mci xm~2
55943'08"N 12°54'04" | ®5zn 865 9.1
- - 60 ¢ 910230 9.6:0.3




Table 8.5.1.8

Caesium~137 in bed s0il collected in Creat Belt in June 1976

Depth - -
Poisition in pci 3¥cs kg7! | mci 137cs wm”2
[~}
55°318°N 10°47°E -3 180 4.2
- .= 3-6 139 3.8
0-6 £ 8.0
55°13'~8 11%06°E 0-3 2%0 4.3
- .= 3-6 340 5.5
- o= -9 90 1.69
-~ - =a 9-10 131 0.33
0-10 I 1.8

Table 8.5.1.9

Caesium-137 in bed soil collected in The North Sea in Fsbruary 1976

Depth - _
Posi tion in pCi 1173 kg 1 mCi 13.'Cs km 2
<m
55°18'n 05%00°E 0-3 55 1.71
L AE T 36 87 3.8
0-6 5.5
57°30°'N 08%o0°'E 0-3 108 0.97
e e 3-6 140 3.4
T 6-9 94 2.6
0-9 7.0
60°15'y 00°30°E 0-3 200 3.0
- . om 3-6 133 3.2
N 6-9 189 4.9
I 9-12 170 4.8
0-12 15.8
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8.5.2. Biological Samples

A sample of Fucus vesicolosus collected at Barsebick in
June 1976 contained corrosion products (table 8.5.2.2). The
cobalt isotopes 5'(:0 and ‘OCo wvere the most prominent, but s‘nn
and probably also ‘szn were detectable too. A sample of
Mytilus edulis contained traces of *co (table 8.5.2.1).

The Ringhals samples from July 1976 (mMytilus and Pucus:
table 8.5.2.3) also contained corrosion products. The levels
did not present any health hazards. Tre annual dose to a
hypothetically critical individual consuming 20 kg of Mytilus
flesh annually would be less than 1 o/oco of the background
radiation dose, i.e. < 0.1 mrem y'l (wvholebody dose), esti-
mated from the present measurement.

Cassium-137 in Mytilus Edulis collected at
the outlet of Barsebick in 1%76¢

1370y oci kg7 | m.9. | Traces
Heat 8.6 A 10.1 A
Shells 1.5 8 0.2 8
Total 14.0 9.8 $0co

Table §.5.2.2

Radionuclides in Fucus vesicolosus collected at
the outlet of darsebick June 17, 1976

tsotope | pci kg~ ! ary | pci kg™! fresh
137, 220 A ETI Y
580 8700 1330

5% o 134

®52n 300 » 50 B
60¢o 3200 490

Potassium 16.6 g kq'l dry
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Table 8.5.2.)
Redionuclides in marine samples coliected at Ringhals in 1976
i pCL l.q’l fresh weight

Sample and Sampling 54 58 60 (33 £ 1 137 40 -1

locations date mn Co Co in ir Cs X g kg

Nytilus Edulis

flesh July 1

N.E. of 1976 - 310 A 1950 300 - 22 A 1.6

Ringhals

mytilus Edulis

shells

N.E. of - - - " - - 24 A 6.5

Ringhals

Mytilus Edulis

flesh

at the outlet - - 81l 1020 1250 - WA 0.68

of Ringhals

mytilus Edulis

shells - - - -

at the outlet 36 A 260 80 A 0.16

of Ringhals

pCi k;'l dry weight

Fucus

Vesicolosus s R aso A | 2200 A | 1900 eoon| - 260 17.5

Ringhals I

Fucus

Vesicolosus - 1080 3400 A 4700 1200 A - 270 A 13.2

Ringhals 1I

Fucus

Vesicolosus - 1800 8100 13000 4600 - 160 B 13.9

Ringhals III

Activities vere corrected to sampling date.

Table 8.5.2.4
Caesium-137 in bottom animals collected at Ringhals in July 1976
Species Location 1374 pCi kq'l M.U. Traces
Mytilus Edulis | Plesh | at the 13 B 5.5 B 95zr
" - Shells | outlet iB 6.6 B | 2%zr, %o
Mytilus Edulis | Flesh | N.E. of B.D.L B.D.L 60¢0
" » Shells | the outlet 30 B 19 B S4un

Cray fish Total at the outlet 240 A 60 A
Snail Flesh at the outlet 43 B 228
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Table §.5.2.5

Caesium=-137 in fish collected at Ringhals in July 1%7¢

Species Position 137¢ pci kg ! n.u.
Dab Heat 57°15'01°8  12%03°%07°E 4€ 1.1
- Total -" - --- 1 11.7
. Total -"- -"- 34 12.7
whiting | Meat -"- - 61 20
Cod Meat -" - - s 19.1
Plaice Meat -7 - - - 29 8.7
Norwvay
lobster Meat - - -" - 155 A 3¢ A
Plaice Heat 5716058 12%6°03"E 3.D.L 5.D.L
Dab Meat -". -". 19.1 5.8
8.5.3. Plutonium in 1975 Sediment Samples

Sediments from the 1975 program (cf. Ris¢ Report No. 3451),
The integrated Pu deposit in
the sediments (table 8.5.3) corresponded to the levels in soils

8.5) were analysed for

239,240

Pu.

_Table 8.5.3
139,280, et kw2
in marine seaciments collected in 1975 (cf. Riss Report 345, 8.5
Depth ssosars | ssoaan | ss2seew 570138 | 570168 | 57017°R 55038°% -
12-51°'E L2 36'E $§2°F 12 03°E 12 06°E L2 271°E loﬁ’"t x *] S.E.
e
The Sound The Cattegat Great belt
0.53:0.03} 0.50:0.02 §0.21:0.02 0.77:0.19 }0.39:0.03) 0.44:0.06 0.31 c.45 0.07
0-3 cm
("Pus/Cs") (0.08) (0.15) (6.08; (0.28) 0.26) (0.15) (0.09)
0.87-0.44] 0.73:0.12 { 0.41 0.89:0.24 J0.66 0.56:0.10 0.52:0,02 0.%9 0.0%
l=6 com
{("Pu/Ce") 0.16) {0.08) {(0.08) (0.21) 0.18) (0.26} {0.13)
0.38:0.21 ~ 0 0.50 0.30:¢.11 0 0.29:0.03 0.27:0.01 0.23 0.07
6=9 cm
("Pu/Cs”) {0.12) - (0.16) (0.11) c.18) 0.17)
0.15:0.14 v 0 0.52 0.03:0,01 - ~ 0 0.11 0.14 .08
9=12 com
{("Pu/Cs”™) (0.08) - {0.20) (0.01) {0.14)
0,07 0.03 0.24:0.03 ¢.00:0.01 - - 0.02 0.07 0.04
12-15 cm
{"Pu/Cs") {0.06) - {0.06)
z
0-15 cm 2.00 0.76 1.88 1.99 2,05 1.18 1.3% 1.44 0.19

The ersor term is 1 8.E. determined from multiple (mostly triplicate) analyses.
"pu/Cs" s 219,240',“/1170
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(tables 4.2.12-4.2.15), indicating that nearly all fall-out

plutonium in shallow waters, such as the Danish, is found in
the the sediments. The 2”'2“’!%;/137(:3 ratios showed that the

vertical distributions of Pu and radiocaesium wvere similar, i.e.
exponential with a half-depth of ~4 ca (cf. also the soil ob-

servations).
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9. CONCLUSION

9.1. Risg Environmental Monitoring

No radiocactive contamination of the environment originating
from the operation of the research establishment was ascertained
outside Risp in 1976. As in previous years, the variations in
contamination levu:l were independent of the distance of the
sampling locations from Rise.

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

The mean content of ’°Sr in air collected in 1976 was 0.2

fCci 905: -‘3, i.e. a quarter of the 1975 level. The average
fall-out at the State experimental farms in 1976 was 0.10 mCi
9%: xa~2 or a quarter of the 1875 figure, and the mean concen-
tration of 79Sr in rain water was 0.24 pci *%sr 171,

By the end of 1976 the accumulated fall-out was approx. 53
wci 99%r kn"2. The corresponding }37Cs was estim~ted at 85 mCi
kn~2.

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

The median level of 905: in Danish groand water was 5 fCi

90g, 371,

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

The mean level of s

137

Sr in Danish milk was 3.4 S.U., and
the mean content of Cs was approx. 4.3 pci 137¢s 171,

The 1976 9°s: and 137Cl levels were lower than the levels
found in milk produced in 1975.

The 905: mean content in grain from the 1976 harvest was
20 pci 2%r kg™l. The 137cs mean content in grain was 7 pCi
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Tcs kg1, The ?%r level in grain from the 1976 harvest was
nearly equal to the level found in the 1975 harvest, and 137Cs
was half the 1975 level.

The mean contents of ’OSr and Cs in Danish vegetables
collected in 1976 were 7 pci 29r kg~ (17 5.u.) and 3 pci
137¢4 xg~!, respectively, and in fruits 1.0 pci %sr kg™}
1.9 pci 137cs xg™!; potatoes contained 1.7 pci Y%sr xg!
2.2 pct 137cs xg7l.

The mean levels of ~ Sr and
collected in 197¢ were 4.0 S.G., or 7 pCi
137Cs day-l,
components, the " Sr level in the Danish average diet was
estimated to be 3.9 S.U. and the 137cs intake to be 11 pCi
1370 day-l. The levels of 2%sr and 137Cs in the Danish total
diet consumed in 1976 were lower than the 1975 levels.

Grain products contributed 36% and milk products 39% to
the total 905: intake; 34% of the 137Cs in the diet originated
from meat, 18% from grain products, and 18% from milk products.

Both 903: and 137

in Jutland than in eastern Denmark.

13 9

137

and
and

%0 137

Cs in total-diet samples
905, gay™! and 10 pci

respectively. From analyses of the individual diet
90

Cs diet levels were on the average higher

9.4. Strontium-90 and Caesium-137 in Humans

The 90Sr mean content in human bone (vertebrae) collected
in 1976 was approx. 1 S$.U. in all age groups. The 1976 bone
levels were lower than the 1975 levels.

The mean content of 137Cs in the human body in 1976 was
estimated from whole-body countings to be 1.3 nCi (1C¢ pCi
137cs/g X), i.e. a little lower than the 1975 level.

9.5. Strentium-90 in Seawater

The mean content of 0
approx. 0.7 pCi 908: 1'1 in 1976, and the
Danish surface waters in 1976 was 0.8 pCi 1~
changed from 1975.

Sr in inner Danish surface water was
137

1

Cs mean level in
» 1.e. nearly un-

9.6. The y-Background

The average y-background measured with a Nal crystal at the
State experimental farms in 1976 was 5.6 uR/h.
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9.7. Radionuclides in the Marine Environment at Barsebick and
Ringhals
Sea plants (Fucus) and bivalves (Mytilus) collected at

Barsebiack and Ringhals in 1976 showed low levels of corrosion
products (s‘lh. 5.(.‘o. ‘ocO. ‘szn) originating from the operation
of the power plants. The levels did not constitute any health
hazards.

9.8. Jodine-13]l in Cows®' Milk in 197¢

The Chinese test explosion on 26 September 1976 resulted
in a temporary contamination of cows®’ milk with 1311. The
estimated dose to an infant thyroid in Demmark from this con-
tamination was 2 mrad.

9.9. Summary

The concentrations of long-lived fall-cut nuclides in
ground-level air and precipitation collected in 1976 were a
quarter of the levels found in 197S.

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

the 1975 levels. In grain from 1976 the 137(:: levels were half

of those found in 1975 while the 903: concentrations were nearly
unchanged.
920 137

The ~ Sr and Cs levels in the total diet consumed in
1976 were approx. 2/3 of the 1975 levels.

The ’°s: concentrations in human bone were lower in 1976
than in 1975.
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AFPENDLIX A

Zone - wci Msr 12 Accygelated,
precipitation in 1976 ali ""Sr
ia 1976 by the end of
1976
Iz 8. Jutland
¢ & E. Jutla.d
Se6 0.107 87
IIK: W. Jutland
Iv: $. Jutlond
v: Fanen
VI: iealand 421 0.08¢ 45
vII: ‘olland-Falster
VIII: Bornhols 532 0.10% -
Are: ~weighted mean $213 0.10) 53
90

The amounts of precipitation vere obtained from ref. 9. The Sr deposition
was estiratet from 4.1 and appendix D. [t was considerel that the amount
of precipitation collected by the rain bottles only were 0.82 times that
measured by the Aetevrvlogical institute.
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APPENDIX B
Statistical information
Zone Area_in Population | Annual milk | Anrnual wheat | Annual rye | Annual potato | Vegetable
km in thousands | production oroduction | production} production area in kmd
in mega-kg in mega-kg in mega-kg in mega-kg *
15) 1971 15) 1971 14) 1971 13) 1972 13) 1972 13) 1972 13) 1972
I: N, Jutland 6,171 457 911
11 E. Jutland 7,561 4] 1,250
145 155 €09 14
I11: W, Jutland k2,104 661 926
1v: S. Jutland 3,929 239 572
V: Funen 3,486 434 391
VI:  Zealand 7,435 2,146™ 95
ViI; Lou.nd-t'ahni 1,79% 125 (1] 442 n 100 73
Viil: Bornholm 538 47 39
Total 43,069 4,950 4,562 593 226 709 87

¥ 1,345,000 people were living in Grester Copenhagen and 801,000 in the remaining part of Zealand.
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APPENDIX C

Our prediction models for grass, milk, vegetables and meat
were revised in 1976. For these samples we used the datal) from
1962-75; for grain we used: 1959-74 (}37cs: 1962-74), and for
total diet: 1961-74. The terms in the models were similar to

Tabls C.1
A comparison between observed and predicted ’°s: levels
in the human food chain in Denmark in 1976

Sample and area Observed | Predicted Prediction equation IET
Grass from Zealand 2% 19 SU, = 29 a,+1) 4, _,+4.4 Ahu“w.l’ Ai-2120) 56
Milk from Jutland 4.2 4.7 SU‘ » 1.0} d‘OO.GQ 61-100.26 A‘_1‘2)00.059 At-Z(ZI) 4.8
Milk from the Islands 2,2 2.6 SU, = 0.74 dl‘o.csd‘_loo.ld A‘_z“' 2,6
Rye from Jutland 85 s1 su, = 220 dHJul-Auq)‘o'ls Ax-l(s)’("” Aja1020) 70
Rye from the lslands 40 28 su; = 170 &, (Jul-Auq)’o'” A28 51
Barley from Jutland 40 38 SU = 164 9, 50 a8 Ay 5)*0.17 Ay gy 47
Barley from the Islands 17 19 su, = 98 d“J“l,A“q)OO.IJ AA-I(S)’O'“ LISYPTY) 30
Wheat from Jutland 64 58 SU; = 164 LA (Jul‘lug)’l’., A‘-Hs)oo.SS AA-H?.) 62
#heat from the Islands 25 32 su, = 138 dx(Jul-Aug)"o'“ A‘_us)vo.ss Aj-1(28) 49
Qats from Jutland 36 54 Sy, = 74 dleul-Auq)’o'N LIS TP 49
Gats from the Islands 22 24 SU‘ = 60 d‘ 'J“_Auq)’D.SO AA-l(Zl) 30
Potatoes from Jutland 2.0 3.3 pct P%r kg™l » 0,13 4,+0.08 o, 40,05 A, 1 )¢
+0,0547A 2.4
1=2028)
90, -1
Potatoes from the Islands 1.4 2,9 pCi Sr kg *~ = 0,16 dA00.07 d‘_loo.ou A‘_“n) 2.7
White cabbage from Jutland 6.7 11 pct P%r kg™l 4 0.20 4,40.72 9, 140278 A, 0, .1
white cabbage from 90 -
the Islands 4.5 9 pCi “"8r kg " = 0,58 4‘00.0] dx_loo.ol Ax_zu)’
+0.176°A 8,0
1-2(28)
Carrots from Jutland 2.6 18 pCi 905, uq'l (1) = 0,16 d;+1,1 dl_100.19 AA-:(ZD) 13
Carrots from the Islands T s pcr ¥ kg™) (1) = 0.34 6,40.31 A N
+0,016%A 1-19) 5
’ 1~1(28}
1 diet from Jutiand 4.3 S.8 8U, » 1,49 d.+0.95 d,_,+0.097 A, _ +
Tota ] 5 O0.0GL‘A i 1-1 1-2(5) 5,6
1-2(28)
. 5.1 SU, = 1,39 d,+0,98 d,_,+0.104 A, 6)*
Total diet from the Islands 4,0 i 00.09I‘A sy 122 (5) 6.2
1=2(28)
NewboIn's bone 0.9 1.2 BU, = 0,073 ¢,+0.14 4,.170.022 A, 5 g 1.1

[)
14 (4~
Human bone > 29 y 1.0 1.2 sul s 0,067 _.§.L!L + 0,038 AA_“”oo.GH A’_““ 0.8
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those used in previous years (cf. Risp Report No. 345, Appendix
Cl)), but in the case of 137Cs the fall-out rate: d' and the

accumulated fall-out: A' refer to 137c¢ fall-out instead of as

earlier to 9OSr fall-out; @' = 1.6-4d and A' = 1.6 * A, as the
13"(13/908r in fall-out is 1.621). The IEI (infinite time ex-
posure integral) for 137Cs is now based on 137Cs fall-out and is

thus 1.6 times less than the earlier values.

In Appendix D values are shown for the %0

90

Sr fall-out rates
(di) and some of the accumulated
calculations of prediction models.

The predicted values in 1976 for
137

Sr fall-out (Ai) used in our

9OSr were in general higher,

whereas the Cs values were lower than those observed.

Table C 2

A comparison between observed and predicted 137‘:. levels

in the human food chain in Denmark in 1976

Sample and area Observed | Predicted | Equation used for the prediction Ier*
milk from Jutland 1.4 1.3 pcr P g0 L = 2.7 are0.77 ar_ 00020 a; 1.6
. . (1) * 37 420,77 d7_,+0.20 &, .
Milk from the Islands 1.6 11 pes es (g m7y, = 1,76 dje0.66 af_ 140,022 AL, o] 2.6
Rye from Jutland 16 6.2 pci 1% xg7l - 82 0 27
- L 1) i (May-Aug)
37 -1
Rye from the Islands 6.5 4.0 T L LI L T, 26
Barley from Jutland 6.8 3.2 pct 13 xg7l <63 0 21
¥ . . (1) i (May-Aug)
17 -1 .
Barley from the Islands 0.9 2.7 pci Cs llqu, 53 df (May-Aug) 18
Wheat from Jutland 7.0 3.6 ci 17 xgtd = 71 ar 24
d : P 11) 1 (May-Aug)
137 -1,
Wheat from the Islands 3.0 2.) pci Cs kg(” 45 ditﬂay-luq) 15
Oats from Jutland 13 2.7 pct 237cs kg7l = 52 ar 17
. 1) 1 (Hay-Aug)
137 -1
Oats from the Island. 6.5 2,5 pCi Cs kg, 49 d;("“__“q) 16
137 -1 ,
Potatoes from Jutland 3.5 0.6 pci Cs kq“) = 3,5 d‘ 3.5
Potatoes from the Islands 0.9 0.5 pcr 3¢y kg(y, = 3.3 9] 1.3
White cabba 2.1 1.8 ct 1375 kg7l - 0.81 d!40.043 A 1.3
9e . g P 91y »81 dy20. 1-1(8) :
carrots 0.% 0.6 ci 137y w97l = 1.49 at+0.092 A 1.8
’ g P 1) I S 1=1(2) .
137 -1
Pork 22 15 pct 1ce kg7l = 266 afelc.s @l a7 A, [3s
127 -1, ]
Beet 32 9 per 1Vcs kgly) v 75 @)00.2 @ 0117 AL 29
Total diet from Jutland 1.6 2.4 pes 1% (g 0=t = 2.4 a2+1.0 of 1.4
. . o4 94710 diiy e a2y '
137 -1
Total diet from the 1lslands 2.5 1.8 pct Cs (g K) ~ = 2.2 440,93 dz‘_”.“_” 4.1
] 137 -1 , ,
#Whole body from the Islands 9.5 15 pCi Cs (g K) = 2,4 3/+4.28 +
11423 a-2)
0.10%A! 5 501 15
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APPENDIX D

d,: Annual fall-out rate in mci 2Vsr km'zy'l.

Y

Aﬂs):Accumulated fall~out by the end of the year (i)
assuming an effective half-life of 905: of 5vy.
Unit: mci %sr km™2.

Ri(as) 20 Ay ag.9)°¢
Accumulated fall-out by the end of the year (i)
assuming effective half-lives of 9OSr of 15 y

and 27.7 y, respectively.

unit: mci 2%r km~2.

and 4

d; (May-Aug. ) i (July-Aug.)’

The fall-out rates in the periods:
May-Aug. and July-Aug., respectively.

Unit: mci 29%sr km™2 perioa”l.

The fall-out rate (d,) was based on precipitation data
collected for all Denmark in the period 1962-1976 (cf. table
4.1.11)). Before 1962 the levels in the tables were estimated
from the HASL data for New York (HASL Appendix 291, 1975) con-
sidering that the mean ratio between 908r fall-out in Denmark
and New York was 0.7 in the period 1962-1974.

The di(May-Aug.) ag? di(July-Aug.) values were also ob-
tained from table 4.1.1 for the period 1962-1976. Por the
years 1959-1961 the values were calculated from data obtained
from 905r analysis of air (1959) and precipitation samples
(1962 and 1961) collected at Risg (cf. ref. 17). Before 1959,
the values were estimated from the corresponding di values
assuming that the ratios di(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 8.D.: 0.09) and 0.24
(1 8.D.: 0.06), respectively.
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Fallout rates and accumulated fallout (mCi 9°sr xm'z) in Denmark 1950-~1976

Denmark Jurland Islands Denmark Jutland Islands
A My, Ay, Ay B Mgy Mgy Mg gy Ad A, Mg Mgy W mayeang M ouly-aug.) | 4 inay-rug.y  Huy-aug.y | % nay-avg.) 3 gulyeaug.)
1950 { 0.021 0.018 0.020 0,020 0.022  0.019 0.021  0.02l 0,020 ©0.017 0.01%  0.020 0.01 5.01 5,01 0.01 6.01 0,01
1951 ] o.101  0.04  0.21¢ 0.18 o.ll4  0.216 0,129 0,12 v.088 0.092 0,102  0.10% 0,05 0.02 0.06 6,01 0.0% 0,02
1952 | 0.1%8  0.263 0.299  v.309 0,224 0,296  0.317 0,347 5.172 0.230 0,262  0.279 0411 0,05 0,12 0,05 0,09 0.04
1953 ] 0.500 0.664 0.7¢) 0,789 0.366  0.751 0.462  3.491 0.43 0,578 0.665  0.687 2,27 0.12 0.3 0.14 0,23 0.10
1954 ] 1901 2,233 2,544 2.62) 2.152  2.326  2.978 2,967 1,650 1,939 2.210  2.279 1.03 0.46 1.16 0.52 0,89 0.40
1955 [ 2,501 4.1l 4817 4,997 2.811  4.664  5.451 5,655 1070 35T 4183 4,340 1,25 0.60 1,53 .60 1L1? 0,53
19% | 3.191 .287  7.560  7.998 3,510 7.116 B8.557 8,939 2.692  5.458  6.564 6,858 1.67 0.74 1.90 0.84 1.4% 0.6%
1957 | 3,101  @.173 lo.180  10.728 J.3l0 9.251 11.522  12.142 2.692 7,095  8.838 9,313 1.67 0.74 1,90 0,80 1,45 0.6%
1958 | 4.302 10.860 13.828  14.658 4.869 12,292 15.651  l6.591 3,734 9.427 12.008 12,725 2.32 1.03 2.63 tar 2.02 0.90
1939 | 6.102 14.7¢6 1,030 20,247 6,908 16.715 21.540  22.918 5.297 12.817 16,519 17,576 2,50 0,68 2,16 0,15 2.24 0.6)
1960 1.140 13,847 19,2%% 20,859 1.291 15,675  21.800 23.610 0.99%90 12,020 16,718 18,107 0,47 0.3 0,52 0,04 0.42 0,28
1961 1.482 12,340 19.803  21.787 167 15,105 22.4%e 24,661 1.285 11,583 17,190 18,913 0.66 0.47 0.73 0.52 0.59 0.42
1962 7.428 18.083 26,001 28.49) 20976 20,083 29,015 31,830 5.880 16,073 22.98) 25,155 «an 1457 1,566 2.082 3480 ), 662
1963 ] 16,695 20,27 w0.7%8  ad.071 16,451 33.556 45.329  49.041 | 14.937 26,996 36.208  39.101 9.965 5,629 10,753 5,932 9.177 5,927
1964 | 10.402 25,421 48.865  33.13 11,685 39,084 54,419 59,3125 9.139 31,457 43,299 47,048 6.23% 2.568 7,170 2.910 5,299 2.236
1963 ) 2.%54 34.277 50.437 35,679 2.:0a 37.946 33.994  6l.eel 1,704 30,605 44,880 39,497 1,029 0,850 2,094 0,082 1.9 0,048
1966 | 2.145 31,707 50.207  56.19% 2.l6n 34.919 35,534 62,445 2,124 28,495 44,881 50,345 1,049 0.418 0.984 0496 1,104 0,340
A9e? 1,047 28.313 48,5%40 %6,022 1.17% 31.32) 53.149 62.048 0.9318 25,608 41,7131 49,997 0,167 0.14) 0,180 0,134 0,354 0,148
1968 ] 1.400 26.044 48.08%  36.006 L.568 28,720 53.201  62.045 1,227 2).368 42,938 49,98 0.048 0,426 0.910 0,460 0.786 0.392
1968 | 1,015 23.374 46.887 53,632 1,241 20.08) 51,981  &l.12t 0.829 21.065 41,791 43,542 0.6l 8,276 0,723 0,319 0,505 6.233
1970 | 1.647 21.9% 46.342  55.86) 1.9%)  24.442 51.519  62.140 1,301 19,471 41,146 49,586 0.908 0,547 1,076 0,632 0,740 0,482
1971 1.506 20.425 45.688 55,951 1,726 22.780 S0.860 62,208 1.286 18.070 40,515 49,615 0,992 0.405 1.154 0.516 0.810 0.294
1972 0,425 18.160 34,040 54,993 V457 20,229 49,000 61,194 0,411 16,090 39,080 48,792 0,253 0.084 0,262 0,084 0,244 0,084
197} 0.192 1%.97% 42,235 51.82! J2.215 17.798 46.99) 59.891 0.168 14,153 37,476 47,750 6,07% 0,013 4,09] 0,0)* 0,097 0,027
974 0,710 14.326 4l.008 51,183 2,779 16,172 45,615 59,171 0,643 12.881 16,198 47,197 0,421 0.190 0,463 0.219 a.178 0,162
1378 | 0.414 13.006 39.%%0 52,272 0.452 14.472 43.987 58,150 0,176 14,541 35,113 46,397 0,139 0.07% 0179 0,091 0,141 0.060
Wil 6.0 11413 37,862 5l.0M 0.1ls 12.839 12,110 %6.826 0,090 10.126 33.614 45,339 0,032 0,010 0.032 0,013 0,032 0.009

- 01T -
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APPENDIX E

Plutonium-239 and -240 in grain samples from 1963 and 1965
The maximum concentrations of long-lived fall-out nuclides oc-
curred in the first half of the sixties. The present study was
carried out to get an impression of the possible maximum plu-
tonium concentrations from fall-out to be found in Danish diet
components. Grain was selected because grain products have been
the main contributors to radioactive contamination of the Danish
diet during periods with high fall-out rates.

In 1963 the mean concentrations in rye and wvheat were 1.43
and 0.35 vci 23%240p, kg™1, respectively. In 1965 these levels
had decreased by a factor of 5-6, corresponding to the ratio

between the 90Sr fall-out in the susmer months of the two years.
Appendix E.1
Plutonium=-239,240 in grain from the state exverimental farms in 1963
Rye Barley Wheat Oats
Winter Spring | Spring ] Winter Winter Spring Spring
T/lstrup *1,48:0.10 2.6:0.1 1,97:0.41
Studsgird 1.70 3.1 0.83
Jaum ®0.97:0.05 1.47 0.22:0.104 0.99
Askov 1,14 1.64 0.183 0.54 2.020.1
st. Jyndevad 1.34 0.66
Biangstedghrd 2.1 0.24 1.27
Tystofte 2.1 0.71 0.34 0.74
Virumgdrd 1.46 2.0 2.9
Abed 1.13 0.49 0.47 0.99
Akirkeby 1.38 0.78
Mean 1.43 1.61 3.1 0.28 0.4% 1.31
*triple determinations
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Appendix E.2

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

Rye Barley Wheat Qats
Winter Spring Spring | Winter Winter | Spring Soring
Tylstrup 0.145 0.21 0.062 0.095 0.122
Studsgdrd 0.29 0.132 0.46 0.23 0.112 0.149
wdumn 0.157 0.41 0.070 0.047 0.109
Askov 0.48 0.72 0.110 0.146
St. Jyndevad 0.39 0.48 0.084 0.30
Blangstedgird 0.30 0.046 0.21
Tystofte 0.134 0.28 B.D.L | 0.043 0.21
Virumgird 0.071:0,011 0.31 0.0116 | °.086 0.25
Abed 0.41 0.6170 | 0.092 0,34
Akirkeby 0.37 0.070 0,065 0.27
Ledreborg 0.29 B.D.L 0.032 0,104
Mean 0.24 0.132 0.39 0.064 0.072 0.20

Appendix E.3

Anova of 1n pci 22?:2405y kg™! grain from 1963 and 1965
Effect Source of variation SSD f s2 v2 P
Main years (y) 59,895 1 59.895 236,92 > 99,95%
- species (s) 38.555 3 12,852 50.836 | > 99.95%
» location (1) 3.910 10 0,391 1,547 ~ 85.2%
Interaction Yy xs 0.636 3 0.212 0.902] ~ 53.9%
d s x1 4.781 26 0.184 0,782] ~ 27.9%
. y x1 3.253 9 0.361 1.537] ~ 78.7%
. yxsxl 3,998 17 0.235 0,793] + 31.6%
Remainde: 6,528 22 0.297

It is remarkable that the interspecific variation is more
pronounced for plutonium than for other radionuclides (905r,
137Cs, 5‘Mn) and that the concentration order is barley > oats
~ rye > wheat, while the order of the direct contamination for
other radionuclidesl) is rye > barley> wheat n oats.

A discussion of these observations will appear in forth-
coming publication.
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