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Abstract

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

Fission products Samples:
picocurie, 10712 Ci, puCi H: sea water
nanocurie, 10”° Ci, myCi J: soil
millicurie, 1073 ¢ L: air
maximum permissible concentration B: bed soil
counts per minute A: eel
disintegrations ;‘)er minute PG: grass
counts per hour PH: sea plants

[
roentgen

micro-roentgen, 10~ D: drain water
pCi Sr-90/g Ca, S: waste water
observed ratio R: precipitation
pCi Cs-137/g K. M: milk
vertebrae

male

female

natural (stable) Sr

equivalents g uranium: activity as from 1 kg U(~90 dfh)

equivalents mg KCI: activity as from 1 mg KCI (~0. 88 dfmin)
2

Z(x-xi)

=0

2
X~X.

standard error; ‘., Eoxxy)
An-1)

upper control level

standard deviation;

lower control level

one standard deviation due to counting

sum of squares of deviation; Z(x-xl.)z

degrees of freedom

the variance

the ratio between the variance in question and the
residual variance

Probability fractile of the distribution in question
coefficient of variation

analysis of variance







1. INTROZUCTION

1.1,

The present report is the filteenth of & series of periondics repor:s
(cI. ref. 1) dealing with measurements of radiosciivin in Denmoork,

The progranime is nearly unchanged as compoered with 19500 S0t
samples were in some cases collected down to & depth of DU ¢l Saniples
of fresh water were collected twice from Danish sureams ana kikes.  Xo
samples of milk and grass from the state experimentii farms were coi-

lected in 1971,

1.2,

-4)

)
The mwethods of radiochemical analysis™ and the switistical rreatmnen:

3)

of the results

1)

reporis ‘.

are stll based on the principles established in previons

1.3.

The reporc does not include detailed tables of the total B measurcinents
from the environmental control of the Riso site. These tables are aviatlable
in the form of microcards at the library of the Danish Atomic FEnergy Com-

mission at Risg.

1.4,

The report contains no information as regards sample collcction and

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

1.5.

In 1971 the personnel of the Environmental Control Section of the Health
Physics Department consisted of one chemist, ten laboratory technicians,
two men for sample collection, and two women for washing-up. As in the
previous years, important assistance was obtained from the Section for
Electronics Development, not only in the maintenance of the counting cquip-
ment, but also in the interpretation of the Y-spectra, The computer pro-
grammes (cf, 2) used in the calculations of Sr-90 as well as in the Y-analysis

were developed by the Section for Electronics Dev:lopment,



1.6,
The composition of the Danish average diet used in this report is iden-
tical with that proposed in 1962 by the nutritional consultant to the Atomic

Energy Commission, Professor E. Hoff-Jgrgensen, Ph.D,
2. ORGANIZATION AND FaciLITIES'- 6 7 8)
A 9810 A HP-calculator has been added to our equipment. This com.

puter replaces the former B 9100 HP-calculator, The new calculator is
among other things well suited for the statistical treatment of our data,

3. RIS® ENVIRONMENTAL MONITORING IN 1971

3.1. Gross p Activity

3.1.1. Sea Water

Fig. 3.1.1.1 shows the sample locations in Roskilde Fjord. Fig. 3.1.1.2
shows the control chart for H1, The yearly mean for H1 in 1971 was 57
eqv. mg KC1/2.5 g (in 1970: 54), for H III-VI: 59 eqv. mg KC1/2.5 g {in 1970:
56) and for H VII-X: 59 eqv. mg KC1/2.5 g (in 1970: 55). Fig. 3.1.1.3
shows the mean levels of radioactivity in sea salt since 1957,

o "
D Q«ﬁf\wf
" ‘.“,6,‘ i

) “'.‘; :

Fig. 3,1,1.1, Roskilde Fjord,
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Fig. 3.1.1.2,

Control chart for HI, 1971
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3.1.2. Soil
Q. my KLt Al

Figs., 3.1.2.1 and 3.1.2.2 (the coloured map) show the sample locations
for land samples in the environment of Risg.

The yearly mean for J 1 in 1971 was 140 eqv. mg KC1/3.0 g soil (in
1970: 129), for J LI-111: 141 eqv. mg KC1/3.0 g (in 1970: 130) and for J IV-V:

139 eqv. mg KC1/3,0 g (in 1970: 129). Fig. 3.1.2.3 shows the mean levels
of radioactivity in soil since 1957,

3.1.3. Air

“~N WA YE S

Fig. 3.1.3.1 shows the diagram for FP activity in air samples in 1971.
The mean value for the year was 0. 2] eqv. mg KCl/m3 as compared with
0.14 eqv. mg KCl/m? in 1970,

Fig. 3.1.3.2 shows the mean FP levels in air since 1957.

DPRBOIEDHSEGIIRRTON

Fig. 3.1,3.2. Mean radiocactivity in air, 1957-71

3.1.4. Bed Soil from the Fjord

The mean activity in bed soil B I was 151 eqv. mg KC1/3.0 g ash in

1971 as compared with 157 eqv. mg KC1/3.0 g in 1970, Fig. 3.1.4.1 shows

w

20 4 T equmg KCL/m? the mean levels for B I since 1957,
X
10 4 10 4
05 4 05+ 300 ""’""""/J.a gash
02 a2 250
0y a 20
005 aos -
150

a02 | 002 | 100
Qo1 r T T ot v T

JFMAMIJJASOND JFMAMI JASOND s0

Fig. 3.1.3.1, Control chart for LF, 197}

TSP INGBBIRHTT
-2}

i Fig, 3.1.4.1, Mean radioactivity in bed sall, 1957-71

3.1.5. Fish

No fish samples from Roskilde Fjord were measured in 1971,
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3.1.6. Grass

The mean values were in 1971 for PG I: 46 eqv. mg KC1/0.1 g grass
ash (in 1970: 25), for PG 1I-IIl: 36 eqv. mg KC1/0.1 g (in 1970: 25) and for
PG 1IV-V: 31 eqv. mg KC1/0.1 g (in 1970: 24). Fig. 3.1.6.1 shows the mean
activities in grass ash since 1957,

leqvmg K/01g ash.

800 ¢
H

600

400

200

0

5759606 6263 BLE5666768 697071 5750 606! 6263 64656667686970 71 STI859 606! 62 EIBL 6566676868 0 NN

PG 1 PG I-0 PG N-Y

Fig. 3.1.6.1. Mean FP-radicactivity in grass ash, 1957-71

3.1.7. Sea Plants

The mean FP level in 1971 in Fucus vesicolosus (PH 1} was 4 eqv. mg
KC1/0.1 g ash (7 in 1970). In Zostera marina (PH Ili-IX) we found 4 eqv.
mg KC1/0.1 g ash in 1971 (no samples in 1970).

3.1.8. Fresh water

Fig. 3.1.8,1 contains the control charts for S (cf. fig. 3.1.2.2). The
yearly means for D1, DII, DIV, and S in 1971 were 46 eqv. mg KC1/1
(1970: 42), 16 eqv. mg KC1/1 (1970: 28), 40 eqv. mg KCI/1 (1970; 49), and
84 eqv. mg KCI/1 (1970: 609) respectively. Fig. 3.1.8.2 shows the activity
in drainage water (D) and sewage water (S).

The surplus activity in sewage water was, as in 1970, primarily due to
minor amounts of 5-35 released from the Waste Treatment Station {(cf. fig.
3.1.8.1),

180
160
140
120
100
60
60
40
20

15
eqv. mg KCU/1
L0 R
90

&0
0

20

i

JFMAMI I ASOND

Fig. 3.1.8.1. Control chart for S, 1971
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58 59 60 6l

Fig. 3.1.8.2,
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Mean radicactivity in fresh water, 1958-71
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3.1.9. Rain Water

Figs. 3.1.9.1 and 3.1.9. 2 show the specific FP level in and the total
fall-out from rain water collected daily at Risg in 1971. The total fall-out
in 1971 was measured at 0.075 - l(]6 eqv. mg KCl/mz, and the annual mean

o

concentration in rain water at Risg was 162 eqv. mg KC1/1. In 1970 the
corresponding figures were 0. 042 - IO6 and 83 respectively.
Fig. 3.1.9.3 shows the specific activity in rain water since 1957.

LNSTERT

CRUDETISK 1;5}
200000

800 - €qv. mg KCl/t

%

700

.
B
B

600 - I

1

500
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200 \i 3 }

oo ! | |
00 U

J F M A M 4 J A

Fig, 3.1.9.1. Concentration of B-activity in 1971
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Fig. 3.1.9.2, Total fall-out from precipitation in 1971
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26004
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Fig. 3.1.9. 3. specific activity in precipitation in 1971

3.2. Radiochemical p-Anaiysis

3.2.1. Air

Ini 9701 ) we started an experiment in which we alternated between
glass-fibre filters and paper filters in our daily air sampler. By \March
1971 this experiment had run for one year. The rean ratio in the entire
period between daily glass-fibre filters and paper filters was 1.40 I 0.15
(1 SE). This ratio is prokably significantly greater than 1 (P ) 97. 5%), and

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

The 'big air sampler' described in Risg Report No. 23') has a shunt
through which we determine the air vollme. This year we analysed both the
shunt filter (I) and aliquouts cut out from the main filter (1I) to see whether
the activity levels were the same in the two filters. As I/II = 0.96 To.06
(1 SE), we conclude that the two filters showed the same levels. We will
report the mean air activity level for 1971 as the mean of the monthly
glass-fibre filter collections and the daily paper filter sampliag: 1.9 I 0.1
pCi Sr-90/1 03m3 i.e. 10% lower than the 1970 level. The mean peak activity
of the three collections in 1971 was measured in June and July w0 be 4.0
pCi Sr-90/10°m?
months of the year.

. Sr-89 from the Chinese tests wac detectabhle in most

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



9

o

80
70
60

40
30
20
10

18

Table 3.2.1

Sr-90 and Se-89 in air collected at Risd in 1971
pCi Se-90/10%m®

Month Daily air filters Montaly air fiiters | Sr-B9/Sr-90
{gluss-fibre filters) mean ratis
Glass fibre Paper 11
Jan, 1.4 0.9 0.9 0.7 3e242.3
Feb. 1.7 1.0 11 1.0 2.5¢0.3
Mar. 2.6 1.2 1.4 1.6 54440,8
Api-. - 3.1 3.4 3.4 7-721.9
May - 3.9 2.9 3.6
June - 5.7 2.9 35
July - bo 3.5 L6
Aug. - 2.8 1.h 2.1
Sep. - 1.2 1.0 1.0
Oct. - 0,8 0.6 0.5
Nov. - 0,6 0.6 0.5
Dec. - 0.6 0.4 0.5
1971 2.2 1.7 1.9
I: are the normally used shunt filters. ,
LI: are aliquots cut out from the main filters also used for the Ce-137
determination (cf. table 3.3.1)

pCi 5r-90/10°m’

& 1234 9234 1234 1234 V234 1234 1236 1236 1234 1234 1234 1206 123 1234
1964 1965 1068 1967 1968

1957 1958 1659 1960 1961 1962 1963
Flg. 3.2.1.1,

8r-90 in air, 1957-71

1969 1970 BN

40,

30

20+

N ®S

19

Table 3.2.2

Sr-90 in grass fiom Zeaiand, 1971

pCi Sr-90{g ash 1 pCi Sr-90/g Ca
Jan, -Mar. k.18 7
Apr. -June 3.73 9
July-Sep. 4,16 50
Cct, -Dec. h.50
Mean hah 60

pCi Sr-90/g ash

2341234'12341234 1234 123412341234 12341234 1234 1234 1234 1236 1234
1957 1958 1950 1960 1961 1062 1963 1964 1965 1966 1967 1968 1963 1970 ¥ T

Fig. 3.2.2,1. 8r-90in grass ash, 1957-T1

3.2.2, Grass

Table 3. 2, 2 shows the Sr-90 content in grass ash from Zealand in 1971.
The mean Sr-90 activity was 4.1 pCi Sr-80/g ash or 60 S. U. as compared
with 3.2 pCi/g ash or 50 S.U, in 1970, i.e, the 1971 level was approx. 20%
higher than the 1970 level, Fig. 3.2.2.1 shows the Sr-90 levels in grass
since 1957,




20 21
pCi Sr-90/gCa _ Tuble 3.2.3
151 Sr-90 in sea plants from Roskilde Fjord in 1971
Sampling period | Location Species pCi 5r-90/g Ca pCi Sr-90/y ash mg Sr/e Ca
Jan. - June pH I Fucus vesicolosus 5 1o -
30 U Zostera marina Jun. - June pH II1-1X | Zostera marina 9.8+3.0 ORI "
B Fucus vesicolosus 7 July - Dec. pH 1 Focus vesicolosus 1250 L.1540.0¢ S
2 July - Dec. pH [I1-1X | Zostera marinal) 2,6+0.1 0.3640,04 EliNel
The errar term is the 5. E. of double determinations. x Mean of 4 analyses.
25+
3.2.4, Rain Water
Table 3. 2.4.1 shows the radiostrontium level in rain water cullutud at
20 g Risg in 1971. The total Sr-90 fall-out in 1971 was 0. 96 mCi Sr- 90/Lxu
/ (509 mm precipitation), and the mean concentration in the rain water was
1 1.9 pCi Sr-90/1, In 1970 we measured 0.86 mCi Sr-S)O/km3 (519 mm pre-
1 cipitation and 1.7 pCi Sr-90/1, i, e. the 1971 levels were a little higher than
Y those of 1970.
151 7
1 ] ? Fig. 3.2.4.1 shows the Sr-90 levels in rain water since 1959.
1
: ’
a g ? 50+ pCi Sr-80/1
‘0 2 7] ; M1 1
4 Y
’ % 4 1 A
1
’ Y ’ $ H 40
7 ]
' 1 ||F 1 .0
. 4
51 4 ] ’ 7 4 . ﬁ
7 7 ¢ 5 4 % % H
7 ’ I % 5 % s
’ ’ ¢ 7 7 5 “
J 7 4 4 7 ¢ # 30
/] % g ¢ Y 5 v
7 a1 (1H |19 || A 2
oLLl V) 9 g % Y 2
1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971
Fig, 3.2.3.  Sr-90 in sea plants, 1959-71 : 20
3.2.3. Sea Plants
—_— 10
Fig. 3.2.3 shows the S, U, levels in sea plants since 1959 and table 8
3. 2. 3 the results for 1971, The mean level in Fucus vesicolosus was 18 2 I II
pCi Sr-90/g Ca, and in Zostera marina we found 6 pCi Sr-90/g Ca. 2 ' TR . ll l RIIIRII I. lllmlllllllllll.,lll
3412341234 123412341234 1231. 1234 1234123461234 12341234
1950 1960 1961 1962 1962 1964 1965 1966 1967 1968 1969 1970 1971
Fig. 3.2.4.1. Sr-90 in precipitation, 1959-71
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Table 2.2.4.1

En

of

in water collected in rain bottles

(sampling arva 0,236 m%)

Month mm WCi Sr-90/1 | mCiSr-90/xm?
Jan. 36 0.73 e.e25
Feb. 1. 0.028
Mar. 52 1.45 0.061
Ap:. 3 2.08 0.065
May 33 3.99 0132
June 69 3.63 0.251
July 54 2.75 0.14%9
Avug, u3 2.6 o112
Sep. 38 1.27 0,048
Oct. 62 0.64 0.040
Nov. s6 0.62 0.035
Dee. 27 0.66 0.018
197 509 L8 0,964

emCi . 103
R = rmCifk 10 pCif1

2
m
Imni

i

23

Sr-U ip o vt neter ecilevied

column calio et - ol TOT) {Rampling v
Atonth mm pCi Sr-tafi

T, hel 0.70 0,016
Jeb, 10 Ll.e3 C.0le
Rier, 39 1.18 0,066
Apr. 21 1.2 0,04
May 34 3.4k 0.117
Junc n 5.02 0.1%
suly 48 2,28 0.109
Aug. Lo 2.38 0.095
Scp. 37 1.07 0.028
Oct. 49 0.40 0.020
Nov. 50 1.06 0.0h2
Dec. 18 0,80 0,014
19N By 1.78 0,713

At five sampling locations (1-5) in zone I (cf, fig. 3.1.2,1) ion-exchange
columns collected monthly samples of precipitation along with the bottle
collectors. The columns have been described earlier (Ris¢ Report No, 411 ))
and are similar to thoae used in the U.S.A. by HASL4J. The purpose of this
collection is to compare the efficiency of the ion-exchange columns with that
of rain bottles as collectors of fall-out, Table 3, 2,4, 2 shows the results,
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Labie 3.2.4.3

Anuiysis of vieriance of in nun precipitation at Riso in 1971

(from tables 3.2, 4.1 - 3.2.4.2)

irtadien SSL f 5 v »
Bete, s oeplam |, o R R =
Detw, roodhs L. s . . 1
Remadinter ) b Pt

Table 3.2.4.4

Analysis of variance of In pCi Sr-96/1 precipitation
collccted at Risg in 1971 (from tables 3.2.4.1-3.2.4.2)

2 a2

Variation SSD f s ' P

Betw. sumplers| 0.0163 1

e
2
e
&

0.37

Betw. months  [10.4191 1

e
£
=
&8

21.33}°99.95%

Remainder 0.4889 11 0.0444

Tabe 3.

Analysis of variance of In mCi Sr-90/km~ " precipitaiion at Risd in 1971
{from tables 3.2, 4.. -3.2.4.7)
Viwjntion s t B v »
Betw, smmplers 0.5823 1 C.5823 | 21.97 ST

Betw, 1wonths 15.4886 11 1.4081 53.13 799.95%

Resnainder 0.2917 11 0.0265

Precipitation was further collected at eight stations located in the
meteorological mast at Risg (cf. 8.1). Thus we have three sampling systems
for precipitation covering the Risg area: 1: the eight rain bottles at ground
level (tabie 3.2.4.1); 2: the five ion exchange collectors (tabie 3. 2,4, 2},
and 3: the eight rain bottles in the meteoroiogical mast (table 8,1,1). Tables
3.2.4.3 - 3.2.4,5 show the analysis of variance of the two first-mentioned
systems,

As in 1970 we found less fall-out in the ion exchange samplers than in
the rain bottles; but the specific activity in the two sampling systems was
not significantly different.

20J
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3.2,5. Milk from a farm near Risg

Table 3. 2.5 shows the radiostrontium and caesium-137 contents in
milk collected in 1971 from a farm near Risg., The mean level was 1,2
S.U. as compared with 3,4 S, U. in 1970. Fig. 3. 2.5 shows the Sr-90 levels
in "Risg" milk since 1959. The caesium-137 mean level was also higher than
in 1970 (7.2 pCi/l against 6, 8 pCi/l in 1970).

Table 3.2.5

o i e 13T i .
Sr-96 and Cs-137 in milk from Risy” in 1971

Month pCiSr-96/¢g Ca|pCi Cs-137/gK| pCi Cs-137N
Jan. - Mar. 2.9 1.1 2.00
Apr. - June "€ 1.56 2,49

July - Scp. 5.0 11.05 17.52

Oct. - Dec. 3 4.09 6.54

19711 b2 4.53 7.19
® The milk was collected from the milk-producing farm

nearest to Risg

pCi Sr-90/g Ca

31.'1234 3 TN FEY G 4!23/.12“12341
1959 1960 1961 1962 1963 1964 1965

i 234712341234
970 1971

1966 1967 1968 1969 197N

Fig. 3.2.5. Sr-90 in milk from Ris® neighbourhood
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Cs-137 in glass-fibre air lilters collected twice a week at Risg in M
PCi C-137/10%m®

Month PCL10%°
Jun.® 1.1140.1
Fob X 1.5150,2
Mar® 1.99:0.0
Apr” 416204
May 5.06+0.5
June 6,6241.2
July 5.18:0.8
Aug. 2.4900.2
Scp. 1.2630.1
Oct, 1,07:0.1
Nev. 6.86+0.1
Dec. 0,71+0,1
1971 2.67
The error term is the S. E. of the mean of the activity found in
8 or 9 filters collected during a month,
X The error term is the S. E, of the mean of the activity found in
the first and the second half of the month,

3.3. Y Spectroscopy of Air Samples. Some Nuclear Explosions in 1871

As in 1962-70, half-weekly samples of air were collected by means of
the air sampler described in Risg Report No. 231 ). Parts of the half-weekly
filters were bulked into half-monthly samples and measured on a 30 cm
Ge(Li) detectora). Table 3. 3.1 shows the results of the Cs-137 determina-
tions, The peak value was observed in June (cf. also Sr-90 in air, table
3.2.1), The mean level in 1971 was 20% lower than the 1970 mean,

Air filters collected in the period April T - April 5 showed a significant
increase in total p-activity, A Y-spectroscopic analysis of the total air
samples from April1 - 5 revealed the presence of Ba/La-140. The mean
level in the sample was 30 pCi Ba-1 40/103m3, (cf. also fig, 3.3.2). No
atmospheric explosions had to our knowledge taken place since the Chinese
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test explosion on October 14, 1970. Swedish examinations had found short-
lived radionuclides (Ba-140 and I[-131) in air samples collected at Stockholm
and G8teborg in the period March 31 - April 21 8 .

From meteorological and seismological investigations carried out by
the Swedish National Defense Institute FOA this fresh fall-out had been
located to a leaking underground explosion in the USSR which took place
north of the city of Perm in the area west of the Ural mountains on March
23, 1971,

On November 18, 1871 a 20 kt nuclear weapon was detonated in the
atmosphere over the Sinkiang province in China. This explosion was the
twelvth Chinese nuclear test. Figs. 3,3.2 - 3,3. 3 show that fresh fall-out
(Ba/La-140) Ce-141 and Ru-103 appeared in the air filter collected two
weeks later, the period December 2 - 6, Maximum occurred on December
6 - 9. In this filter we found:

1.2 pCi Ce-141/10°m3, 3.5 pCi Ba-140/10°m

, 2.3 pCi U-237/10%m® and 4. 5 pCi Np-239/10%m°,

3 3

, 1.5 pCi 1-131/10°m
2.1 pCi Ru-103/10%m?3

On November 18 the Np-239/U-237 ratio was 128; this indicates that
probably the weapon has been a fission weapon. We have earlier for a

1 PCI/I0° M
100
100
Celet
1 ut06
10 —
Cs137
T T T T T 7T 71

T T T
J FM A M J J A S O N D
Fig. 3.3.1. Ce-144, Ru-106 and Ca-137 in half-weekly alr filters in 1971
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Fig. 3.3.2. Ba-140, Zr-95 and Ru-103 in half-weekly air fllters in 197t

01 +——1—1 1
f J'F M A M J ) A STOND

Fig. 3.3.3. Be-7 and Ce-141 in half-weekly air filters in 1971

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

In test No, XII the Np-239 and U-237 concentrations were an order of
magnitude higher as compared to the fission product levels than in “normal”

fission weapone. The air samples were enriched with volatile nuclides
(1-131, Ba-140, Ru-103).
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4. RADIOSTRONTIUM AND RADIOCAESIUAL IN I'RECIPITATION, SOIl.,
GROUND WATER AND STREAM WATLR IN DENALAKK IX 1971

4.1. Sr-90 and Sr-89 in Precipitation

Samples of rain water were collected in 1971 from the ten State experi-
mental farms (cf. fig. 4.1.1) in accordance with the principles laid down in
Risg Report No. 63, p. 5]').

Table 4.1.1 shows the results of the Sr-90 determinations and tables
4.1,2 and 4.1, 3 the analysis of variance of the results. The variation with
time was highly significant (P)99. 95%). The maximum specific activity
occurred in May-June, when the mean content in precipitation was 6,08 pCi
Sr-90/1 (cf. also the air measurements in 3, 2,1). The maximum fall-out
rate was also in May-June, the mean fall-out rate in that period being 0, 59
mCi Sr-90/km2. Tables 4.1.2 and 4. 1. 3 show that the variation between
locations was significant, The specific activity for 1971 was 3. 65 pCi
Sr-90/1 at Io\kirkeby, while only 1. 77 pCi Sr-90/1 was measured at Blang-

Tuble 4. 7.1

Sr-90 fali-out in Denmark in 1571

Fig, 4.1,1, State experimental farms in Denmark,

- - .| Studs- | st. Jya- | Blang- | Virumef o Akivze. L Ledres
Period Unit Tylstrup “krd ©dum §askov [Fge ¥ mdggrd rrswtte | © 00 abee by Mean Ens
¥Ci/1 2.3 | 140 2.60 | 2.0 | 1.20 0.8 1.78 1.06 |(Laf 2.33 .59 2
, Pan. -Feb,
LoV 0.16 | 0.17 013|022 | om 0.06 0.09 0,07 [(0.09,} 0.2 || 0,12 J 0.0
i/l uu49 | 3.25 a4 | 2.52 3.17 1.48 6.9 2.21 [ 2.06 | 6,37 | 5005 flois
Mar, - Apr.
: P i 0.27 | 0.16 0.20 [ 0.20 | 0.26 0.10 0,40 017 | 013 | 0.28 |lo.2e flo.n
i/l 9.66 | 913 %77 | 7.29 4.87 2.5 5.16 420 1In,hs | B.ub 6.08 .17
Aluy-June 2
i Am' 0.64 | 1.00 0.48 | 0.h2 0,45 0.38 0.75 .41 0.51 0.63 0.59 0,57
i/l 2.69 | 4a3 2.61 | 3.43 4,34 3.29 3.42 3.79 | 2.98 | 508 | 3.4 3.2
:1y-Aug.
uly-Aug wcifm? | o.un | 0.68 0.26 | 059 | 0.6 0.38 a.23 0.29 | G3s | oon Hlowe Hom
Fi/1 .26 | 1.28 0,58  1.20 0.99 0.75 1.29 .08 | Ll | 107 1.04 [
8ep, -Oct.
ucwz 0.14 | o011 0,06 | 0.13 0.12 0.08 0,09 0,10 | 0,06 | 0,09 6,10 08
®il 0,77 | 0.67 0.67 | 0.75 .77 0,57 1.21 0.75 0,74 | 0.89 0,78 661
Vov, -Dec,
w1/’ 0.07 | 0.09 0.06§ 0,10 | o.10 0,05 0.08 0,08 | 0,05 | c.09 [lo.08 [0
i/ R 3.09 | 3.29 2] a7 | 2w 1.77 3.59 2.18 | 2.86 | 3.5 |27 | oo
o wiralz| 172 | 2.2 119 | 1.8 | 1.6 1.09 1,64 112 | 117 | tas ][ L5 1.0
ram precipitation E s57 | 62 Wi | 62 68 5% 457 513 | 409 | 397 543 i
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Teble 4, 1.2 An anova siiowed significant difference between months, but not between
. o . . o locations. The anova is not shown,
Analysis of variance of In pCl $r-80/1 precipitation in 1971

(from table 1.1.1) A comparison betwen the amounts of precipitation found in the rain

2 . gauges used by the Danish Meteorological Institute and the amounts col-
Variati SSD f . . R
e u At r lected in our rain bottles at the same locations showed that in 1971 our
etw. Jocutions R 3376 . .
Betw. Jocution 3.0363 9 0.337 3.8 >99-% bottles collected 90 per cent {1 SE: 2%) of the amount measured in the rain
Belw. nmonths 32.2603 5 6.4521 72.82 599.99%, gauges. The implications of this difference were discussed in Risg Report
Remainder 3.9891 ws | o.088 No. 220°°.
Table 4.1.3 ’ 4.2. Sr-90 and Cs-137 in Soil
Analysis of variarce of In mCi Sr-90fkin? precipitation in 1971 As in previous years, soil was collected with a view to estimating the
{from table 4.1.1) accumulated fall-out. As previously, the samples were collected in Sep-
Variation asp ¢ <2 V2 P . tember from uncultivated areas all over the country (cf. fig., 4.1.1), and
: ; . i B o
Belw. locatic 5z . 0.3605 85 99,958 3 as in 1970 down to a depth of 30 cm, but this year in 3 sections 0-10, 10-20
and 20-30 cm. A few samples were also collected from 30 to 50 cm's depth,
rw, monihs A X . B
Betw. monthe 3.1030 3 66206 8e.45 >99-9% . Table 4.2.1 shows the Sr-20 results from the ten State Experimental
Remainder 3.5260 45 0.0784 Farms. The mean value in September 1971 was 54 mCi Sr-20, kmz. How-
. P
ever, this value should be recalculated to a depth of 20 cm before we comi-
Tabled.1.4 B pare the results of the years previous to 1970. From 0-20 we found 47 mCi
Tabled.1.° 2
' Sr-90/km”.
Sr-69/Sr-90 in fall-out collected in 1971
The 1971 levels were nearly equal to the 1970 figures (0-30: 35, and
Period Tylatrup | Studsgérd | @dum | Askov Std.e‘.,.'::< “f;;;lg-; Tystofie ngr;:‘;- Abed Ak.:’;ke— L:g::- Mean 0-20 cm: 46 mCi Sr-90 /kmz)- .
Jan. -Feb, 5.7 5.3 56 | 24 2.0 2.7 23 11 I 20 |2600.3] From precipitation data * ),zthe accumulated fall-out in Denmark in
+ . . .
Mar. -Apr. ' 6b 0o | 56 5.6 6.0 61 sa |53 | 56 s |sso| | 1971 was calculated to 54 mCi/km®, i.e. equal to the level found in table
i 4,2.1. However, two sets of observations disagree with this apparent
May-Sune 3.8 3.3 (% 8.2 4.0 3.6 2.8 2.8 2.9 XY 3.5 ]3.50.1 *
¢ accordance between data,
July-Aug. 6.1 2.2 1.9 |13.0 2.1 2.1 1.6 0.9 |17 | 23 12 [%11.3] ¢ R
H Firstly: In the four cases where samples were collected from 30-50 cm
Sep. -Oct. - - - - - - - - - - - - - . .
eP Ot . we found on the average 10% extra activity at this depth as compared with
Kov. -Dec, - - - - - - - - - - - c ] the column from 0-30 ¢m,
The error term is the 5. E. of the mean Secondly: OQur Cs-137 determinations showed that the mean Cs-1 317/

Sr-90 ratio from 0-30 cm was 2.15 © 0. 07 {table 4.2.6), i.e. significantly
greater than 1.6 - 1,7, which is the theoretical ratio in fall-out, Both ob-
gervations indicate that the accumulated Sr-90 levels in Danish soil might
have been underestimated, and samples collected from 0-30 em depths
have thus been insufficient to account for all Sr-90,

stedgird. The 1971 mean levels for ten State experimental farms were
1.51 mCi Sr-90/km2 and 2, 78 pCi Sr-90/1. In Appendix A the country
mean level (area weighted) is estimated to be 1.7 mCi Sr-90/km2 for a
mean precipitation amount of 625 mm (area weighted), i.e. 10% less than On the other hand it is not necessarily true that the "missing Sr-90"
the fall-out rate in 1970, § has to be found below 30 cm's depth, The high Cs-137/Sr-90 ratios in the
; samples collected from 30 - 50 cm indicate that some surface soil might

rtn it e 1

The Sr-89/Sr- 90 ratios at the ten stations are shown in table 4,1.4,
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Sr-90 a0 suzl cullveted .t the State wxperimental farms 1 Sept
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Tabled.2.1

mber 1971
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have contaminated these samples during the sampling, because the Cs-1 37/

Sr-90 is normally decreasing with increasing sampling depth (cf. tably

- T 4.2,6). Let us suppose that the deeper samples (i, e. the samples below
weL Sr-90f k] Tyiserup™ | Scadugird | odum Askov | St.lynde-| Blangsted-| Tyswfe™ | Virum- | abed  fAkirke-}Mean)sD 3. ¢ . .
vad B ird ird by : 10 cm) have been contaminated by surface soil. This would overestimate
Y B - e B RS BN 136 RN T AR B B especially the Cs-137 in these deeper samples, (because the Cs-137/Sr-%0
1 - 26 s 1 1iwo Ba™ | o 1540 2001 203 p [ asa™ [ w2 ] 5] in the surface soil is higher than in the deeper layers). We would therefore
- - - find too much Cs-137 in the deeper soil layers, and thc Cs-137/Sr-90 ratio
BRI oRe o000 .00 il “.%0.2 RERS K N R ® . .
in the total soil column (0-30 cm) would be too high,
L e R Nl Fewerpete e ) Table 4. 2. 2 shows the Sr-90 levels soil locations in Zealand, mainly
w-rG R a0 ARER st 5.t : in the neighbourhood of Risgé. The samples from "'Skydebanen” were col-
lected both with our own and with the HASL sample device for soil (de-
L C-%:-was calculated frum the single determinations and aot a8 the sum of the means in the table. . . 4)
: scribed in NYO-4700"’). The agreems=nt between the two samples was
-
satisfactory both as regards Sr-90 and Cs-137 (cf. table 4.2, 5).
The use of solid-state detectors (Ge(l.i)) has made it possible to deter-
- . mine Cs-137 and potassium directly by Y-spectroscopy of soil samples.
pCi Sr-90/kg | Tylstrup™ |Studsgird | ¢dum Askov | St.Jynde- | Blangsted- | Tystofte™ | Virum-| Abed  [Akirke- [Mean | SD |
vad ™ lgarg gard by Tables 4. 2.3 - 4. 2,5 show the results for the 1971 samples,
010 o= 319017 73 273,37 190 398s5 2407 982 18302 | 50947"™ { 2113 | 311 ﬁg&
10-70ca 9345 Thy2 2e5™ | 14602 a2 1518 157315 1206 [1e0a9™ | 937 fus | Table 4.2.2
2-30a £33 2501 18a™ 6946 Wbyl 743 Thab 5021 65:21™ | 3240 45 118 Sr-90 in seil collected from the surroundings of Roskilde in September 1971
i o0-30c| 13 177 104 13 127 133 101 13 193 106 133 [ mCi 5!‘-90/lr-m2 Bolund kilde Felled Skyd: *
3 - 50 ca val 2021 12e1 307 I o 0-10cm 2640 2541 374k 0-5 em °013
10 - 20 ¢m 2.040.3 2745 1242 5-30 em | 2%:0
All determinations were double, except ™  which were triple.
The error term is the S.E. of the mean. 20 - 30 cm 2.510.1 8.740.2 2.90.3
£ 0-30en 36,840 60.646.1 51,9456 52.542.3
;
£ 0-30 was calculated from the single determinations and not as the sum of the means
701 mCi Sr-90/ imn? in the table,
60 + +
$ 4 [} ;
50 ) !
# # # i pCi Sr-90/kg Bolund Roskilde Falled Skydebanen Skydebanen -
‘o j 0-10cn 37246 20849 377439 0-5 cm | 470+62
30 s : 10-20cn 8143 167527 4p11 530 em| 9201
® :
201, ¢ 20-30cm 312 6082 1942
10 x 0~ 30cn 146 135 133 133
1 4
HASL-s0il sampler

Fig, 4.2. Accumulated Sr-90 fall-out in Danish soil, 1961-71
0-20 em (1 8. E, indicated)

1961 1962 1963 1964 1965 1966 1967 1968 1969 19701971
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1k im wotl collected at the state experimental farms in Septen:ber 1971

St Jxa- | Blang- Virem- Akirke-
Odun | Askov 3 g| Tyswotte Abed Mean | =0
tedgdrd| drd o;
devad | mteden £ ud Table 4.2.5
-Titem 78.5 %5 b H.6 110.8 AG.F b ri 59.€ 59.8 72.0 7%.0 |19.3 (294
C8-137 and potassium in soil collected from the surroundings of i i
10-2¢ e¢m 25.8 13.¢ 2c.5 7. 18 S 1.0 45,0 23.6 27.8 0.6 |15.6 5.7 oundings of Roskilde in September 1971
29-30 em 8 | ez 7 | s 7.1 9.3 1.5 149 9.0 8.1 9.8 | 3.3} 1c mCi Cs-137/km?
£0-30 om ouf 195 L. | TR 122.9 VI 1116 119.5 LR 107.9 |115.0 | 10.5 -5 Bolund Boskilde Fzlied x
-3 1.8 . 5.€ 16> 11.1 3.8 1.3 -
30-30 cm z 9 . 0-10cm 64 57 73 05 cm 54,7
C3-137 pCifk in soil collected at the State experimental farms in Septemver 1971 10 - 20 cm 13 b 15
s turis - St.Jyn- {Blang- Virum- Auctrice- 20-30 cn 5
- " N ca 3 3 10 -
Tylsteupls ovum |asiov |00 | greggira [rsonte barg (AP [y Mean |80 | Sk ? 5-30 cm 5.5
Q-
[RTI 65 [is09 me | e | oas s o | s | ez 71 332 faos E 30 ca & 112 9% t %@.2
10-20 cm 1m 98 145 Feld 53 %7 33 273 218 169 206 [100 R
pCi Cs-137/kg
20-20 cin r n s | & w 65 * ® i 59 e la | 7 /
: . R f Bolund Roskild: 1 Jeyd =
F0-30cm 2% | 2 | 26 sy s [ | et fam 3] n | oskilde Falied y Y
Q-
30-50 cm » u 2 5 || ¢ 10 912 476 743 05 cm 1308
10 - 20 em 136 248 109
20 - 30 ca 63 66 bs 5-30 em 106
Welghted mean 330 250 245 z 233
Table 4.
2K/kg
# :./kg in s0il collected at the state  experimental farms in September 1977
o 13 Bolund Roskilde Falled sk, Si x
Stuets.- St. Jyn- | Blang- Virum- Akirke- L
. | & L
Tylsteupl oz Oum | Askov | gooog | sreggara[Tystoftel gy | Abed [0 Mean 50 | SE 0-10 6.2 222 197 o o
X . s . i .. TR R 22 |15.8 |5 fur i
0-10 cm 131 | 4 15.6 | e | 92 K. {95 |2 3 | @ 58 13 i 10 - 20 217 22.1 18.5
i
t0-20 15.F £l pL4 15.2 9.1 16.9 18.5 25.4 13.7 26.8 16.4 | 6.3 2.0 N
em ! 20 - 30 21,4 23.2 20.3 5-30 cm 20.9
20-30 em 14,9 &1 15.% 14 9.4 17.2 18.7 25.9 15.2 25.3 16.4 | 5.8 1.8 ! i .
3 Weighted mean 20.1 22.5 19.5 20.8
% 0-30 cm 15.2 | 7.0 15.7 | 188 9.7 17.0 18.9 25.2 1.4 24.8 16.2 | 5.8 {1.8 i
i
30-50 cm 8.1 8. 19.7 18.1 16 |61 |31 ® HASL - scil sampler
¥
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Table 4.2.6
CB-137/Sr-90 ratios in soil samples coll at the state 1 farms in 197t (from tables 4.7.2 and 4.2.3)
Studs- St. Jyn- | Blang- Virum- Akirke-
cm Tylstrup gird fdum Askov devad | stedgird Tystofte gird Abed by Mean | SD SE
0-10 2.18 1.9 2.95 3.07 | 2.70 2.52 2.90 2.29 2.05 2.88 | 2.55 | o.41] c.13
10 - 20 1.84 132 1.58 1.55 0.67 2.47 2.19 2.50 1.57 1.85 1.75 0.55} 0.17
20 - 30 1.23 311 1.23 .21 0.91 1.77 1.0% 1.8 1.18 1.84 1.54 0.65] 0.20
£ 0 - %0 1.98 1.87 2.50 2.1k | 2.01 2.39 2,11 2.3 1.8 2.5 | 2as [ o.24} o.07
0 -0 - 3.03 - 2.08 | - - 1.65 - 1.67 - 2.1 | 0.65| 0.32
Cs-137/Sr-90 ratios in soil samples collected at Roskilde in 1971
(from tables 4.2.2 and 4,2, 5)
Skydebanen Skydebanen™
cn Bolund Roskilde Felled {Risg) {Risg)
0-10 2,46 2.28 Ly 0-5¢m  2.74
10 - 20 1.63 1.67 1.25
20 - 30 2.00 1.15 2. 5-30 em 1.14
0 - 30 2.23 1.85 1.83 1.76
™ HASL-soil sampler
4,3, Sr-90 in Ground Water

As in previous years, ground water was collected in March from the
nine locatione selected by L.J, Andersen, M.Sc., Geological Survey of
Denmark, in 1961,
Fig. 4.3.1 shows the sample locations and table 4.3.1 the results of
the Sr-90 analyses (cf. also 5. 8.4).
The median level of Sr-90 in 1971 was half the level found in 1970.
The highest level is still found at Feldbak. Fig. 4.3.2 shows the median
levels in Danish ground water since 1961,

o

Lk

R@

E

2 100
[ ]
b
Fig. 4.3.1. Ground-water sampling locations in Denmark.
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Sr-90 in ground water collected in March 197)
Location pCi $r-90/1 pCi Sr-90/g Ca & Cafl
Hvidsten B 0.0041 0,056 0.0724
Feldbak 0.7.2 28.37 0.0251
Romg 4 0.011 0.293 0.0372
Renne 0.0068 0.282 0.024
Hasselg A 0.0067 0,050 0,134
Firetofte 0.0083 0.064 0.129
Kalundborg B 0.0211 0.374 0.05%
R_vnholt B 0.0273 0.5196 0.0526
Fredericia B 0,013) 0.285 0.046
Meun 0,090 - 0.064
Median 0.011 0.285 0,059
A: relative S.D.: 20-33%
B: relative 8,D.: )33%

pCi Sr-80/t

61 62 63 64 656 66 67 68 69 70 ™

Median levels in Danish grouad water, 1961-71

Fig. 4.3.2.

4,4, Sr-90 in Fresh Water from Danish Streams

In March and September 1971 a number of water samples were col-

lected from Danish streams and lakes, The purpose was to estimate the

Sr-90 concentration in the fresh water supplied to the inner Danish waters

and to estimate the Sr-90 levels in surface fresh water,
Table 4. 4 shows that lake water contained approx. four times more

Sr-90 per litre than strear: water. It was probably significant (P) 95%)

41

Fig. 4.4. Fresh water locations {a: stream, s: lake; figure is zone number)
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Table 4.4

Sr-90 in Dunish streams and lakes. March and September 1971

Location March September
Stream or Like Country part pCiSr-90/1 | g Cafl JmgsrfgCal pi | pcisr-s0/d gcajl
Bangsbo 8 (ntream) N-Jutland 0.33 0,074 2.1 a0 0.30 0.043
Nors s¢ (Luke) N-Jutiand 2.55 0,032 1.3 5.9 2.%9 0.05% £.0 1s
Gudend {stream) E-Jutland .29 0.039 3.3 6.0 0.22 0.061 6.1 24
Mossg  (tuke) E-Jutland 0.51 0.061 2.5 5.9 0.:8 0.058 | 6.0 2s
Skjern 4 (streum) W-Jutland .14 0,022 3.0 6.2 0,20 0,055 5.5 3
Flynder 59 (luke) W-Jutiana .20 0.026 2.5 5.9 0.41 0.072 7.6 38
Ribe 3 (stream) S-Jutland 0.12 0.038 4.7 5.9 0.09 0.088 6.3 hy
Hostrup sg (lake) S-Jutland 1.95 0.027 - 6.3 2,59 0,062 | 6.8 s
Odense & (atream) Funen 0.20 0.077 3.8 6.0 0.29 0.01 | 6.2 54
Arreskov sg lite) Funen 1.01 0.064 2.5 5.8 1.21 0.050 | 7.0 58
Susd  (stream) Zealaad 0.40 0.106 3.8 - .44 0.121 6.1 o4
Arresg  (luke) Zealand 1.21 0.092 5.1 5.7 1.5 0.069 | €.4 és
Halsted & (streau) Lolland-Falster (1,31 0,143 5.1 - 0.9 Q.138 | 7.6 “a
Sgnderss (lake) Loiland-Falster 1.57 0,088 3.6 - 1.72 0.080 | 6.1 7s
Las & (stream) Bornholm 0,91 0.030 - - 0.7 0.08 1 E.b L
Krystal sg {luke) Bornbolin 2.69 0.058 - - - - - B‘l
Alm., Grimyre s¢ {lake} | Bornholm 1.34 0,035 - - 1,37 0.058 | 6.5 Bsu
fl:?;’ mean 0.3440.09 [0.067:0.009  3.7:0.k | €.040.0| 0.40:0.10 L.o?s;&ou +310.2]
f,"’:‘"s;j“'"" 1.45:0.28  |0.04950.000 2.90.5 | 5.9:0.1 | 1.54:0.31 b.06300.c00k .6,0.2)

that lake water from September showed higher leveis than lake water from
March. There was no significant difference between the stream water
from the two samplings.

As compared with the sampling in 1970 of stream water (Risg Report
No. 245'5 the mean levels in 1971 were a little lower. However, the streams
were not identical in the two years., The mean Ca contents were the same in
lakes, streams, ard ground water (~0,06 g Ca/l),

The Jower Sr-30 level in streams is ascribed to a relatively large con-
tribution of water from underground sources where the Sr-90 levels are low
(cf. table 4.3.1). Lakes contain more Sr-90 because they receive relatively
large quantities of precipitation and surface water from run-off,
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Fig, 5.1.1. Dried-milk factories in Denmark.
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5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1971 .
0-
5.1, Sr-90 and Cs-137 in Dried Milk from the Entire Country .
As in the previous years, monthly samples of dried milk were collected ‘
from seven locations in Denmark (cf. fig. 5.1.1) and analysed for Sr-90 2
and Cs-137, ;
Table 5.1.1 shows the results of the Sr-90 determinations and table i
!
Tasles. 1.1 »
pCi Sr-90/g Ca in Danish dried milk in 1971 : j
1
Month | Hjgrring Arhus Videbzk Sbenr Odense Ringsted Lul!ag&l‘;falster Mean %i I I I I | I I I I | I I I I
Jan. 74 9.4 9.9 (8. 6.0 31 W8 (7.ml951234123A1235'1234123A1234'123A7234”1234'1234“2§Zlz:u1
59 1960 1961 962 1963 1964 1965 1966 1967 538 1969 1970 1971
Feb. 8.7 7.3 10.4 8.3 B4 b9 L. (6.9)
Fig. 5.1.2. Sr-90in dried milk, 1959-71
Alar, 9.6 8.9 10.8 (9.3) 6.0 5.0 b1 7.7 1€ * ™
Apr. 8.6 7.9 2.3 9.5 6.1 5.2 w8 (7.8 Tedle5.1.3
Nay 8.2 2.5 10,4 (9.6) 8.5 5.5 4.3 2.7 PCi Cs-137/g K in Danish dried milk in 197!
June 8.2 8.5 10.9 9.7) 8.2 5.9 4.0 (7.9 Monta | Hijorring Ar.us Videbzk Abenrs Odense Ringsted bu’"dp':“l“‘"' Mean
July 7.8 6.9 8,4 {8.5) 5.6 k.2 6.4 (6.8 Jan. 6.3 5.8 9.1 (6.3) 3.8 3.6 2.3 (5.3)
Aug. 8.7 7.8 8.7 (8.7) 5.9 5.3 4.0 (2.0) Feb. 7.8 5.5 10.4 6.7) L.o 2.4 3.7 (5.8)
Sep. 6.2 8.9 8.8 {8.3) 6.0 5.3 3.7 6.7 Mar. 8.4 5.2 1.4 (6.8) 4.7 3.3 2.4 (6.0}
Oct. 9.8 6.4 7.8 8.4 6.3 4.8 4,0 6.8) Apr. 9.0 5.9 10.5 6.3) 5.0 3.5 1.1 5.9)
Nov, 8.4 7.8 10,7 (8.9) 6.9 b [ 2.3 May 7.6 5.9 12.2 (6.5) 7.2 2.7 13 (6.2)
Dec. 7.3 6.0 7.5 8.1 6.2 5.0 "8 6.4 June 9.0 7.9 15.2 (11.4) 1.1 10.6 3.0 9.7
Mean 8.2 7.8 9.7 8.8 6.3 b9 hob 7.2 July 12.6 10.6 16.0 (12.4) 7.2 6.7 6.1 (10.2)
Figures in brackets were calculated by VARS' 2T The error term is the S. E. of the mean. As 1 litre of mili Aug. 23,0 15.4 18,8 (18.5) 13.4 11.0 7.2 (15.3)-
containe 1,2 g Ca, the mean Sr-90 content in Danish milk produced in 1871 wae 8.8 pCi/fl,
Sep. 21,2 10.6 18.1 (15.8) 10,0 10.8 6.3 (13.3)
‘Tabie 5 Oct. i2.b4 7.9 10.8 (10.3) 8.7 w3 5.2 8.5
Analysis of variance ¢! In pCi Sr-90/g Ca in dried miik in 1971 Nov. 16,2 8.5 1.7 (11,4} 9.8 5.5 5.1 (9.5)
{from table 3.1.1) b
. Dec. 9.8 2. 5, 10. 0 . . .
Variation sSp f sz v2 P ? S 3 ? >9 39 o
Aean 1n.8 8.5 12.6 (10.2) 7.7 5.9 41 8.7
Bety,. iocations 5.8000 6 0.9667 | 42.03 | >99.95%
ae 1 litre of milk contat . 1.66 [i - i i . ”
Sotw. months o.2765 w0751 1.09 o eaﬁm“l:: o‘lln‘ " ‘::;;lm approx. g K, the mean Cs-137 content in Danish mils produced in 1971 wax
Ner . ol ‘ 1.0653 55 0.0230 l




Anadysis of vartance of in pCl Cs-137/g K tn Danish dried midk 1971
(fron: tbic 5.1, 3)

Varind on S T sz \'2 r
Betv, Jocetion | 12,8655 [3 2.1k43 | 27.85 1 >99.95%
Belv. months 9.5436 11 0.8676 11.27 | >99.95%
Remainder 4,2345 55 0.0770 - -

5.1, 2 the analysis of variance of the results. As in 1970 the variation be-
tween months was not significant for S.U. The 5. U. mean level in 1971
was 7.2 pCi Sr-90/g Ca or approx. equal to the 1970 mean.

As previously, the milk from eastern Denmark shows significantly
lower levels than that from Jutland.

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

5.1.4 the analysis of variance of the results. As in the previous years, the
maximum level of Cs-137 (15.3 M. U., approx. 10% higher than the maximum

of 1970) was found in milk from the summer (August). The M. U. mean

level in 1971 was 8, 7 pCi Cs-137/g K or nearly the same as in 1970,

Figs. 5.1.2 and 5.1.3 show the quarterly S. U. and M. U. values since

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

1501 pCi Cs-137/gK
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Fig. 5.1.3, Ca-137 in dried milk, 1959-7i
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5.2. Sr-90 and Cs-137 in Fresh Milk from the Entire Country

The samples of fresh milk were collected in the eight zones and in
Copenhagen as previously {(cf. figs. 5.2.1 and 5. 2. 2) in connection with
the bread and total-diet collection {cf. 5. 7).

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

The production-weighted means for Sr-90 and Cs-137 in Danish con-
sumer milk in 1971 were 7.0 S, U. (~8.5 pCi Sr-90/1) and 7.2 M. U. or
11.4 pCi Cs-137/1 respectively.

As previously it seems reasonable to regard the mean of the levels
found in June and December as representative of the annual production-
weighted mean, as the mean for these two months calculated from the dried-
milk data (cf. tables 5.1.1 and 5.1. 2) yielded a reasonuble estimate of the
annual mean for dried milk,

In the figures in table 5.2.1 are weighted with respect to the popul.tion,
the country means become 6.8 S. U, and 11.4 pCi Cs-137/1, i.e. almost the
same as the production-weighted means.

Table 5, 2.1

Sr-90 and Ce-137 in fresh milk in 1971

NYKIBING

ALRTER

Fig. 5.2.2, Sample locations for fresh milk, bread and total diet (B-towns).

June 1971 December 1971
Zone pCi 5r-90/g Ca JpCi Cs-137/7 K §pCi Ce-137/1|pCi Sr-90/g Cal pCi Cs-137/g K]pCi Cs-137/1

I: N-Jutland 6.8 8.4 13.1 8.4 8.9 13.9
1 E-Jutland 7.0 f3 9.9 6.9 8.2 13.1
m:  W-Jutland 7. 10.3 16.5 9.0 6.9 b
IV:  S-Jutland €.2 5¢3 8.3 9.3 7.9 12.0
V:  Funen b7 3.1 4,9 5.8 5.8 9.1
Vi: Zealand 5.9 L.b 10.3 5.2 b6 ko7
VIiI: Lolland-Falster b9 2.6 4,3 5.5 5,0 4.3
VIOI: Bornholm [ 7.1 1.3 5.8 3.9 £.0
Mean €.2 £.2 9.8 7.0 6.3 99
Copenhagen 8.7 9.8 14,9 £.7 €.8 10.8
Population-weighted 6.5 7.6 1.9 7.0 5.8 10.9
mean

|mean

Production-weighted 6.6 7.0 1L1 7.5 7.3 1.
mean
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5.3. Sr-90 and Cs-137 in Grain from the Entire Country

As in the previous yeurs, grain samples were obtuined from ten State
experimental farms (cf. fig. 4.1.1). Virumgdrd was replaced by Ledre-
borg in 1969, Sr-90 wus detern ined as previously (Risg Report No. 63' )),
und Cs-137 was measured or ashed samples by Y-spectrometry on a Ge-

detector.

ble 5.3.1

Sr-90 in Danish grain in 1971
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Table 5. 3.1 shows the measurements of strontium-90 in grain in 1971,
According to Appendix B, approx. 2/3 of all rye in Denmark is grown in
Jutland and 1/3 in the eastern part of the country. \s regards wheat, 3/
is produced in eastern Denmark and 1/4 in Jutland. 1In the calculation of
the means in tables 5. 3.1 and 5.3.4 Jutland is represented by six vye
figures and six wheat figures, while eastern Denmark contributes eight
5.3.1-5.3.4
for rye are a little lower and those for wheat are probably higher than the

wheat figures and four rye figures. Thus the means in tuble

production-weighted means for the country. Table 5.3. 2 gives the analysis
of variance of the 5. U. figures and table 5. 3,3 th.t of the pCi Sr-90/ky

Rye Barley Wheat QOats
pCi Sr-90/kg 5.U. pCi Sr-90/kg s. U PCi Sr-90/kg S8.U. PCi Sr-90/kg s.u.
Tylsirup 7148 190s2% £9a5 140412 192418 10£,10
Studsgdrd v:103;10 w:228228 8412 167,18 :;g;‘zg 10057
Ocum 333 8748 3541 £7+1 st 8043 3740 4343
sckov 5 771 n31k3e2 8:185¢2 2
Agkov w1752 16255 64411 11226 i20957 1346 13247
st, Jyndevac [TH8 174411 9Lab 159:14 - - - 123:0 102
Blargstedgird 4392 %646 3543 6047 wi2Ge2 w: 9346 4993 4643
814324 5:79+10 822y s: 8947
Tysiofte 5621 93s2 g s e “923 1ok 103.2 10242
Ledreborg 4241 9745 b6l 9lu3 :?931 5041 5341
Abad - - 36+3 574 4247 3842 38.3
' o2k
Axtriceby 35:0 8143 2243 b3 5225 23,4 3415
Mean 62 136 52 9 b8 % 8
w: winter variety, 8: spring variety. The error term is the S. E. of the mean of double determinations
Table 5.3.2
Analysis of variance of In 8. U. in grain in 1871
{from table 5.3.1)
2 2
Variation 55D i £ v r

Delw. species 3,201 3 1.0804 16,03 | >99.95%

Betw. locations 16,7322 9 1.8591 27.58 | »99.95%

Spec, x loc. 1,486 25 0.067h 2,01 1 »9.5%

—
Remainder 1.8116 [ 0.0335

grain figures.

Analysis of variance of In pCl Sr-90/kg grain in 1471

(from table 5.3.1)

Variation S50 i 52 r

Betw. species 1.7822 3 Cat b1 -

Betw, lecations 17,7494 9 .97 22,17 >99.9%

Loc. x species 2.2276 25 0.CE91 %.A9 >99.95%

Remainder 1.7038 il €,0741

Table 5.3.4
Cs-137 in Danish graia in 1971
Fye Barley Wheat 18
PCiCe-137/kg MU FCICa-137/kg M. U. PCiCs-137/kg MU pCiCs~137/kz AL G,
Tylstrun n 17 -3 15 b 19 47 15
Studsgdrd w159 R b4 16 138 “w
—
Clum 14 35 73 24 78 16
xov e :j;f 9 15 119 2
St, gyrdevad 98 26 7 18 - - 102 26
Blangstedghrd [ 19 39 9 wibg w2 59 12
—— - w20 CFA Wil
Tystolte 8 21 po a1l 69 o1k 101 20
wihl w:lh

Ledreborg 7 23 58 B 573 =15 8 12
Abed - - 63 n sh 12 61 1%
2., vi35 wi §
Zirkeby u2 E] 2 u per<4 pH * 10
Mean 129 27 [ 15 3 15 21
w: winter variety, ®: spring variety
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Tahle 5.3.5

Analysis of variance of In pCi Cs-137/g K grain in 1971
{from table 5.3.4)

‘Variation S50 i s? v2 P
Betw. species 2.3130 3 0.7710 9.17 299.95%
Betw. location 2,3128 9 0.2569 3,05 >97.5%
Species x loc. 2.1028 25 0.08%1 1.45
Reimainder 0.4627 8 0.0578
Main effects were tested against interaction.

Table 5.3.6

Analysis of variance of In pCi Cs-137/kg grain in 1 m
(from table 5. 3.4)

Variation SSD f &2 v2 P
Betw. species 2,435 3 0.8212 10.36 99.95%
Betw. locations 2.4056 9 0.2673 3.37 9%
Species x loc. 1.9837 25 0.0793 1.8
Remainder 0.3495 8 0.0437
Main effects were tested against interaction,

Table 5, 3,2 shows that the variation in 8, U. between species was sig-
nificant, Rye showed the highest 8. U. levels and oats the lowest. The pCi
Sr-90/kg figures also show a significant difference between species. {Oats)
wheat).

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

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

If the S. U. levels in grain from the harvest of 1971 are compared with
the levels from 1 970] ), we find the 1971 figures to be greater by a factor
of approx. 1.5,

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

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

The mean ratio between pCi Cs-137/kg rye and pCi Sr-90/kg rye was
2,0, while the Cs-137/Sr-90 ratio for barley, wheat and oats was 1, 2.
This is in agreement with earlier observations and with the theory that rye
depends more on direct contamination than the other cereuls, for which the
soil uptake of Sr-90 now plays a dominant role.

Table 5, 3.7

mg Sr/g Ca in grain collected in 19871

Rye Barley Whent Oais
¥ s W B v 5 B
Tylstrup 5.6 5.65 | 4.7 4.5
Studsgird 3.2 5.6 3.7 3.6 31
@dum 2,4 5.5 h.75 bb 2.h
Askov 2,5 3.1 3.0 2.5 5.2 2.75
8t, Jyndevad 2.2 2.6 2.4
Blangstedgird 2,6 2.25 | 2.75 2.45
Tystofte 1.3 3.0 6,35 3.5 1.7
Ledreborg 2.3 345 | 3.45 | 3.8 2.4
Abed 3.2 2.9 3.8 2.h
Rxirkeby 1,3 25 | 3.9 |33 1.8




Analysis o7 variance of In mg Sr/g Ca in grain in 1971
(from tabic 5.3.7)

Variation 531> 1 82 vz P
Betw. species 1.42%2 b % >99.5.
Betw. locations 2.2135 ? 4,06 99,5
Spec. x locations 1.51%9 25 .00 c.?
Remainder Q C.0R27

Table 5.3.7 shows the stable-strontium content in grain in relation to
the calcium content, and table 5. 3.8 is an analysis of variance of the figures.
As previously ), wheat contained more stable strontinm per g Ca than the
other species, and the stations in Jutland showed generally higher figures
than the eastern locations,

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

In 1970, samples of white bread (75% extraction) and dark rye bread
{100% extraction) were collected all over the contry in June, but not as
previously in December (in both A and B towns, cf. figs. 5.2.1 and 5. 2. 2).
The samples were combined into eight zone samples and a sample from
Copenhagen, and 5r-90 and Cs-137 were determined. The Cs-137 deter-
mination were carried out on dried samples of rye bread and on the ash of
white bread by Y-spectroscopy.

Tables 5.4.1 and 5.4, 2 show the results. It is assumed that ] kg flour
yields approx. 1.35 kg bread”) and that wheat flour of 75% extraction con-
tains 20% of the Sr-90 and 50% of the Cs-137 found in wheat graiul ), hence
we can compare the 1971 bread levels with the 1970 grain levels {cf. table
5.4.3).

Table 5.4. 3 shows that the Sr-90 and Cs-137 levels in bread were in
reasonable agreement with those in grain according to the above-mentioned
model.

On comparison of the bread levels in Jutland with those in eastern Den-
mark it appeared that the Sr-80 and Cs-137 levels in rye bread in Jutland
were approx. 1,4 times thoge in eastern Denmark, whereas Sr-90 and Cs-
137 in white bread were nearly equal all over the country. This shows as
also observed the other years that it is not necessarily local-grown grain
that is used for the bread production {cf. 5. 3),
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Table 5.4.1

Sr-90 in Danish bread in June, 1971

Zon2 ‘White bread Rye bread

pCifkg S.U. pCifkg s.U.
I: X. Jutland 7.8:0.5 | 3.940.2 2640 9.240.3
I | B Juttand 6.221.1 | 3.230.6 240 10.640.1
T | WL Jutk 2.152.2 | 4.001.3 2820 8.8,0.2
Iv: | S. Jutland 6.490.7 | 3.240.3 250 8.3+0.1
V: { Finen 8.2:2.8 | b.0sl.5 20 7.9:0.1
VI: | Zealand 6.400.1 | 2.9:0.1 2.3 6.640.8
VL: | Lolland-Falster 6.500.% | 3.340.3 2043 6.8+1.1
VIII:] Bernkolm 8.92.5 | 4.7:0.3 19¢3 6.3+1.0
Mean 7.2 3.6 24 8.1
Copenhagen 5.140.9 | 2.740.5 2321 7.320.5
Population-weighted mean 6.4 3.3 25 8.2
Sampling and anclyses o | oo o | us

Table 5.4.2

Cs-137 in Danish bread in June 1971
Zone White bread Rye bread

pCi/lkg M. U. pCifkg M. U,
- N. Jutland 15.9 10,1 66 19
II: E, Jutiand 13.6 9.3 69 20
“Op | WL Jutlend 17.1 11.8 8o 24
IV: | S, Jutland 16.9 12,1 4h 18
V: Finen 13.2 9.6 153 14
VI: | Zealand 20.0 13.3 35 12
Vil: | Loland-Falster 18,6 12.7 0 15
VIII:| Barnkolm 23.3 15.0 64 1?7
Mean 17.3 11.7 55 17
Copenhzgen 20.8 13.9 51 18

-—;;Uht".on-wdghted mean I 17.6 11.9 58 18
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Table 5.4.3

A comparison of 5r-90 and Cs-137 levels in bread and grain in 1971

Nuclide Species| Bread activity in Activity in | "Bread” fgrain
June 1970 calcu- grain from y
lated a5 grain harvest ratio
activity in pCifkg | 1970/

fef.text) | pCijkg
Wheat 43 & .02
Sr-90
Rye 3 n 1.10
Wheat &7 57 0.2
Cs.137
Rye T 85 0.87

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

The samples of potatoes were collected in September from ten of the
State experimental farms (cf. fig. 4.1.1) and analysed for Sr-90 and Cs-137
(Y-spectroscopy of bulked samples of the ash).

Table 5.5.1 shows the Sr-90 and Cs-137 contents in potatoes. The mean
contents for the country were 3.5 pCi Sr-90/kg or 72 S. U. and 10, 8 pCi Cs-
137/kg or 2.0 M. U.

The mean of the Cs-137/Sr-90 ratios (pCi/kg figures) was 3.1 (in 1970:
3.8, in1969: 1.8, in 1968; 2.6, in 1967: 2.1, in 1966: 2.6, in 1965: 6, and
in 1964: 9).

Table 5. 5.1

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

pCi 5r-90/kg s.u pCi Cs-137/xg | M.U.
Tylsirup 2.9:0.3' 68_o_1b'
Studsgiird 4.5s0,5 80+10
Gdum 1.8.0.2% hous™ 1.8 2.2
Askov Sel.3 127436
S1. Jyndevad 5.0+2.0 108.52
Llng st rd 3.5+0.7 55221
Tys:tofle 2.5:0.4" Sbo6™
Ledreborg 2.740.1 0s3 9.8 1.8
Abed 3.120.5 509
Rxirkeby 3.0:0,7 | 100:46
Mean 3.5 7 10.8 2.0
The error terms are the $. E. of the mean of double determinations
except x, which .re based on triple analysis.
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Fig. 5.5. Sr-90 levels in Danish potatoes 1959.71 (1 S. E. indicated)

5.6. Sr-90 and Cs-137 in Vegetables and Fruits from the Entire Country

In 197 as in previous years, vegetables and fruits were collected in
September and D b
of the eight zones, and from Copenhagen.

Carrots and onions were collected ir. September, cabbages and apples
in Decembelr, and a few samples of peas, Strawberries and guoseberries

from eight greater provincial towns, one in each

were collected in June-July.

Table 5.6-1

Sr-90 in vegetables and {ruits in 197)

Cabbage Carrot Onion Apple Pea Strawberry Gooseberry
Zone pCijkd s.U. |pCi/kg] S.U. | pCi/kg| s-U. |eCifkg] s.u. [pcijkg S.U.| pCi/ke] S.U. peci/kg| s5.U.
1: | N-Jutland Ths2 | 2020 Ed 5 20 53 Ls | 38 | ao | 4% @) | (9% as) | &)
1: | E-Jutland 1002 | 2004 b 16 23 59 2017522 13 62 13 40 (1) | (43)
m: | w-Jutlant 131 | 253 28 72 17 5 Lo [ 2 [au ] we 24) |03 2 | &
Iv: {S-eutland 132 | 266 9 b2 32 %0 5.5 { % | | 30 ©22) | tm JERN N
V: |Funea 8e2 | 1643 13 39 13:0 | 4723 b s 5 19 22 72 an | oo
VI: |Zealand 1062 | 1902 9 25 18 55 1.7 L] {71 (25) sy | (5#) 7 23
VI | Lolland-Falster| €41 | 1202 18 57 1% 0 1.4 » € 22 15 * [ NEH
VIiI:] Bornholm 1502 | 2762 22 8 22 bl 2.8 39 1) 137 28 | 137 3 3
Mean 1 2 20 5 20 57 2.4 by 9 37 20 B 13 33
Copenhagen 721 | 152 82 boal2 | 1523 |usa1o [lssonluze | 6 | D n | e 17 | 55
P":",,"“"""“‘h"‘ 10| 20 B |18 |3 |20 |n g | =8 1w |63 1| oW
m

‘Values in brackets were calculated from VAR 3
The error term is 1 | SE of the maan of double determinations, in the case of cabbage four double
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Table 5.6, 2

Analysis of variance of In pCi Sr-80/kg in vegetables and fruits in 1971
{from table 5.6.1)

Variation 5SD i sz vz P
Belw. species 34,6248 [ 5.7708 [31.9535 | >99.9%
Betwlocations 4.5832 8 0.57229 | 3.1722 | >97.5%
Loc. x species 6.139% | 34 0.1806 | 2.26 >97.5%
Remainder 2,398 | 0 0.0799

dable5.6.3

Analysis of variance of In 8. U. in vegetables and fruits in 1971
{from table 5.6.1)

Variation 55D It 52 v 3

Belw. species 14,3591 6 2.3932 {11.0082 | >99.9%%

Betw. locations b.5672 8 | o.568k | 2.6145 | D97.%

Loc. x species 7.3902 34 0.2174 | 2.20 >97.5%

Remainder 2.9648 10 0,0988

Cs-137 in veyetables and fruits in 1971
Cabbage | Carrot | Onion | Apple | Pea Strawberry]Gooseberry

pCi/ke 2.9¢0.1 2.9 ] 7.7 4] 8.2 2.4
pCi/g K| 1.2:0.0 11 o S.b 0 2.4 0.9

‘The error ierm is the S, E. of the mean

Table 5.6.5

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

?m..’ék"e Species "E:rs:;” s.u. ’C;fr';"” MU
50 Leafy vegetables (cabbage) 0 20 2.9 1.2
30 Root vegetables {carrot, onion| 18 55 1.5 0.6
40 Pea (and bean) 8 38 [} [}

120 Vegetable total 11 35 1,6 0.6
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The Y-measurements were performed on bulked ash samples repre-
senting the entire country (c¢f. table 5.6.4). Tables 3.6.1 - 5.6.3 show the
results and the analysis of variance of the Sr-90 determinations.

The variations between species were highly significant (pCi Sr-90 figures).
The highest Sr-90 levels (pCi/kg) were found in strawberry, onion and carrot,
the lowest in apple.

Table 5. 6.5 shows a calculation of the mean contents of Sr-90 and Cs-
137 in Danish vegetables collected in 1971. The levels were the population-
weighted means calculated in tables 5.6.1 - 5.6.4.

The 1971 levels in Danish fruit were calculuted from apple and from
strawberry. Apples got a weight factor of 85 and strawberries one of 15,
and the mean levels in Danish fruit were thus 5.0 pCi Sr-90/kg and 7 Cs-
137/kg.

The 1971 Sr-90 levels in vegetables and fruits were a little higher and
the Ce-137 levels somewhat lower than the 1970 levels.

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

In 1971 total-food samples representing an average Danish diet accord-
ing to E. Hoff-Jdrgensen (cf. Appendix B in Risg Report No. 63' )) where
collected according to the principles followed in 1961-1970. As previously,
two groups of towns (A and B, cf, figs. 5.2.1 and 5. 2. 2) supplied the samples,

Table 5. 7.1 and 5.7, 2 show the results, As in the previcus years, the
variation between locations was significant. The S.U. levels in the total
diet were approx. 30% higher in Jutland than in eastern Denmark.

Fig. 5.17.1 shows the zone mean levels {not population weighted) of
S.U. in total diet since May 1961, Fig. 5.7, 2 shows the daily Cs-137 intake
since June 1963.

The 1971 Sr-90 levels in total diet were 10% lower than the 1970 levels,
while the Cs-137 levels were approx. 10% greater than the 1970 ones.

From the total-diet sampling it is possible to estimate the mean levels
of Sr-90 and Cs-137 in the Danish diet in 1971. For the period January-
April 1971 the Sr-90 level in the total diet is assumed to have been equal
to that measured in December 1970, Risg Report No. 245I ). For the period
May-September we assume the level to have corresponded to that measured
in June 1971, The December 1971 figure is taken to represent the last
three months of the year, The population-weighted mean of Sr-90 in total-
diet samples was 7,5 pCi Sr-90/g Ca in December 1970. Hence the mean
content in the total diet in 1971 was 7,5 pCi Sr-90/g Ca or 13. 2 pCi Sr-90/
day,
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In a similar way the C5-137 content in the Danish diet in 1971 was
estimated to be 33 pCi Cs-137/day or 9.1 pCi C5-137/g K (cf. also Appen-

dix C).
Sr-50 and Cs-137 in tola! Danizh dist collected in June 1971
Zaae PpCiSr-30/g Ca ! pCi Sr-99/day | = Cajday #Ci Ca-131/g K | pci Ca-1377day
L N Jutand 9.41,0 16.002.4 1.7:0.08 6.90.2 82
i:  E. Juttan¢ 7.81.2 13.%2.2 1.78.0.001 6.2¢0.3 %1
i W Juttand 8.90.5 15.71.5 1.76:0.08 Wsa2.7 a1
IV: 5. Jutland 8.080.2 16,70,2 1.83:0.01 9-620.u 3
V:  Fucen $-%l.5 9-5=1.9 1.8240.17 6.30.2 20
VI:  Zealand 8.400.8 15,7523 1.87:0.09 6.3:0.% 83
VII: Lolland-Falster 6.200.2 10,40.6 1.68:0.03 6.720.3 2.0
VIil: Bornholm £.50.3 15.080.1 1.7%0.07 9.8,0.1 350
Mean 7.8 13.9 .78 7.9 n
Copenhagen 6.8:1,1 13,2e2.3 1.93:0.03 un.2 2
Population-weighted mean 2.7 180 1.8y 8.6 »
.R:;fp'ﬂ':g’:.'f .::,:. 1% 7 L 1= =
Tuble 5.7.2

Sr-90 and C#-137 in Danish total diet collected in December 1571

Zome Ci 5r-80/g Ca | pCi 5r-90]day & Cajday pCi Cs-137/g K | pCi Ca-137/day
I: N Jutland 7.50.0 13.2:1.4 1.7720.18 15.201.8 28 1
i1:  E. Jutland 2.240.0 12.2:0.4 1.690.06 11,2408 391

u: W, Jutland 2.5¢0.1 15.5:0.3 1.81,0.06 12.%1.6 458

IV:  S. Juiland 9.050.0 14.5;0.5 1.6130.05 1L.&1.1 M8

.

V:  Funen 5.640.1 9.8:0.1 L.7e0.02 7.M40.8 B

VI: Zealand 6,9:0.1 12.70.9 1.8340.10 10.502.7 36e6

Vil: Lollend-Falster 4,2:0.4 7.5:0.8 1.8040.03 9.091.8 25

Vill: Bornholm 5.630.3 10.490.8 1.8640.04 8.%0.1 331

Ajean 6.7 1.7 177 10.6 b4
Copenhagen 7.000.2 12.040.6 1,7140,05 7.9 n
Populaion-weighted mean 7.0 12.2 1.75 101 »

B s « = » - a
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5.8. Sr-90 and Cs-137 in Miscellaneous oodstuffs

5.8.1. Sr-90 and Cs-137 in Meat

Pork and beef samples were collected in Copenhagen (cf. figs. 5.2.1
and 5. 2. 2) in three big shops in March, June, September, and December,
Table 5. 8.1 shows the results. Figs. 5.8.1.1 and 5.8.1.2 show a com-
parison between milk and meat levels. The ratio pCi Sr-90/kg meat/pCi
Sr-90/1 milk was 0.20 (S.E. 0.02), and the corresponding ratio for Cs-137
was 5.1 (S.E. 0.4) for the period 1962-1971, (In these calculations meat
consisted of 2/3 pork and 1/3 beef) (cf. also Appendix C).

Table 5.8.1

Sr-30 and Ce-137 in pork and beef from Copenhagen in 1971

Species Unit March { June | Sep. | Deec. Mean
pCi Sr—EO/kg 1.3 0.8 1.1 1.2 1.1

Pork pCi Sr-80/g Ca 17 11 7 un 12
pCi Cs-137/keg 7h 7 118 103 %
pCi Cs-137/g K 20 19 3 n 27
pCi Sr-80/kg 1.8 {10 | 2% 1.2 1.6

Beet pCi Sr-90/g Ca 15 15 16 15 15
pCi C8-137/kg €6 28 64 8 60
pCi Ce-137/g K 17 ? 19 23 1?7

1007 pCi Sr-90/ kg

50|

20}

1 — +

& 8 8 e 6 6 6 6 0 7N

Fig. 5.8.1.1. Sr-90in Danieh milk and meat (2/3 pork and 1/8 beef), 1962.71

1000

5.8.2.

200,

100

20

10

r pCi Cs-137/ kg

meat

itk

Sr-90 and Cs-137 in Fish

62 63 64 65 66 67 68 69 70 71

Fig. 5.8.1,2, Cs-137 in Danish milk and meat (2/3 pork and 1/3 beef), 1962-71

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

5.8.2.1 and 5. 8. 2. 2 show the results,

The mean levels were 1.4 pCi Sr-

Sr-80 and Ce-137 in cod collected in 1971 in Danish waters

Cod Month pCi Sr-80/kg pCi 5r-90/g Ca pCi Cs-13T/kg pCi Cs-137/g K
55°32'sN meat | June 1.13 0,79 67 18
12°39'E bone - 0,46 - -
Barseblick C meat Oct. 1.13 0.81 71 17

bone - 0.55 - -
Barseblck B meat Oct, 0.98 0.78 124 28
bone - 0.47 - -
5527 | meat | Dec. - - 138 W
12°39'5E
15m bone - 8.8 - -
55°%27N ¥ | meat | Dee R - 1% 38
12%3915E
15 m bone - 1.2 - -
55°%27N 2| meat | Dec. - - 53 17
12°89'5E
I5m bone - 0.7 - -
Mean 21 85E | meat 1.08:0,05 0,7940,01 108422 2745
Mean 1 SE_ | bone - 2.0331.36

%x,¥,z2 collected in 1970
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Fig. 5.8.2, Sr-30 and Cs-137 in Danish fish compared with Sr-90 in
sea water, 1861-71

90/kg meat (1 SE:0. 3) and 61 pCi Cs-137/kg meat (1 SE:8). The levels were
higher than in 1970 but in agreement with the 1969, 1968 and 1967 concen-
trations. Hence we will consider the 1970 results atypical because the fish
in 1870 were from the North sea and not from inner Danish waters as usual,
In table 5,8, 2.1 is shown 3 cod samples from 1970, the mean level of these
samples was 133 pCi Cs-137 (T 41).

Fig. 5.8, 2 shows a correlation between Sr-90 in surface sea water and
Sr-90 in fish meat. The Sr-90 concentration in fish was approx., two times
that in sea water.

The figure further shows that the Cs-137 concentration in fish was ap-
prox. a hundred times the Sr-90 level in sea water. The Cs-137/Sr-90
ratlo In sea water is 1.6 (S, E. 0.1 )1 6), hence the concentration factor for
fish from sea water becomes 65,

65

Sr-90 and Cs-137 in fish collected in 197! in Danish waters

Species Alonth pCi Sr-90/kg | pCiSr-20/g Ca | pCi Cs-137/kg | pCi C3-137/g K|
x
Dab
55°52'1N total Dec. 1.2 9.2 = a
12°39'5E
Dab
56%06'N total June 3.02 0.32 » 16
11%7'5E
Plaice meat .62 1.09 B 10
| Hundested | bone June - C.49 - -
x
Plaice meat - - 33 10
55%52TN Dec.
12%39'5E bone - 2.2 - -
x
Sprat meat - - 54 18
55%521TN Dec.
12%39'5E bone - - - -
x
XX
Sprat meat - - 63 18
55%520 1N Dec.
12%3915E bone - - - -
Fhiting
5595217IN total Dec. - - % 12
12%0915E
Garfish total June .73 2,20 132 75
Men
Flounder
559521 IN total Dec. 32.0 3.7 €5 20
|12%39'sE
mrﬂng
55%52TN total Dee. - - 6> 21
12%39'5E
Mean 21 SE| bone 1.8:0.7 38134
Mean ¥ 1 sE| total 10.3145.94 1.250,5 53410 2146

x  collected in 1970
xx stomach content of cod




5.8.3. Sr-90 in Drinking Water

Along with the total-diet samples, 10 1 of drinking water was collected
in June in each of the 48 towns (cf. figs., 5.2.1 and 5.2.2). The 10 1 samples
were bulked into eight zone samples, each comprising 60 1 of water. The
samples were analysed, by the method used for ground water, for Sr-90,
stable strontium and calcium,

Table 5. 8. 3 shows the results,

Table 5.8.3

Sr-90 in Danish drinking water in June 197}

Zone ¢Ci Sr-90/1 g Cajl mg Sr/g Ca
1: N-Jutland 0.042 0.08% 3.7
i: | E-Jutland 0.085 0.075 &7
1k | W-Juilund 0.622 0.056 1.6
W: | S-Jutlund 0.h .09 1.5
v Funcn A 0038 0.111 3.7
vI: | Zealand 0.023 0.085 10.4%
VII: | Lolland-Falster 0.027 0.090 16.6
Vili:} Bornholm 0.091 0,079 b3
Mean 0.039 0.08% 5.8
Median 0.033 0.085 40

A: counting error: 20-33%

5. 9. Estimate of the Mean C of Sr-90 and Cs-137 in the Hi Diet

in Denmark in 1971

5.9.1. The Annual Quantities

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

5,9,2, Milk and Cream

The Sr-90 and Cs-137 contents per kg milk were calculated from the
annual mean values for dried milk (cf. tables 5.1.1 and 5,1.8), 1 kg~11

milk, containing approx. 1,2 g Ca and 1.66 g K. Hence the mean contents
in milk were 8, 6 pCi Sr-90/kg and 14 pCi Cs-137/kg,
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5.89.3. Cheese

1 kg of cheese contains approx. 8.5 g Ca and 1.2 g K. The Sr-90 and
Cs-137 contents in cheese were calculated from these figures and from the
S.U. and M. U. levels in dried milk (cf. tables 5.1.1 and 5.1,3). 1 kg of
cheese appeared to contain 61 pCi Sr-90 and 10 pCi Cs-137.

5.9.4. Grain Products

Tables 5.9.1 and 5. 9. 2 show the estimates of Sr-90 and Cs-137 respec-
tively in grain products consumed in 1971, Firom these tables the activity
levels in grain products were estimated at 20.9 pCi Sr-90/kg and 55 pCi
Cs-137/kg.

Estimate of the Sr-90 content in prain products consunned

per capita in 1971

Fraction from harvest | Jraction from hareest
197 192 Total
Type M
kg Nowr | pCifkg| pCi | kg flour | pCifiey | pci pei
Ryc flour
{100% cx- 21.9 31.0 { €79 7.3 €2 3] nw
traction)
Wheat flour
{75% ex- 3.9 8.0 263 1€.9 9.6 { 105 E2)
traction)
Grits 5.5 2.0 | 121 1.8 0.0 | 55 1%
TFotal AC,3 17.4  |ich? 26,0 e, | K13 1
Tahle 5. 9. 2

Estimate of the Cs-137 content in grain products consumed
per capita in 1871

Fraction from harvest | Fraction from harvest
1870 1971 Total
Type =
kg flour | pCi/kg | pCi | kg four | pCifkg | pCi pCi
Rye {lour
{100% cx- 21.9 85 1862 73 125 912 2774
{raction)
Wheat flour
(75% ex- 2.9 29 o5b | 0.9 35 | 360 154
traction)
Griis 5.5 k2 231 1.8 62 112 343
Total 60,3 51 3047 20.0 69 }39‘4 L1513




5.9.3. Potatoes

The figures in table 5.5.1 were used, i.e. 3.5 pCi Sr-90/kg and 10. 8
pCi Cs-137/kg.

5.9.6. Vegetables

Table 5. 6.5 shows the calculation of Sr-90 and Cs-137 in Danish vege-
tables consumed in 1971. The mean contents were 11 pCi Sr-90/kg and 1.6
pCi Cs-137/kg.

5.9.7.  Fruit

The levels in imported fruit in 1971 are assumed to be equal to the
mean levels found in lemons, oranges and bananas collected in Copenhagen
in 1970, i.e. 4.0 pCi Sr-90/kg and 3 pCi Cs-137/kg (cf. 5.8.4). The mean
levels in Danish fruit in 1971 were 5.0 pCi Sr-9¢/kg and 7 pCi Cs-137/kg
{cf. 5.6). The daily mean consumption of fruit consisted of 100 g of Danish
and 40 g of foreign origin. Hence the mean contents in fruit were 4. 7 pCi
Sr-90/kg and 5.9 pCi Cs-137/kg.

5.9.8. Meat

From table 5. 8.1 the annual mean values of Sr-90 and Cs-137 in meat
were calculated: 1.3 pCi Sr-90/kg and 81 pCi Cs-137/kg. (Danish meat
consists of 2/3 pork and 1/3 beef).

5.9.9. Fish
The Sr-90 and Cs-137 contents in fish are given in 5.8.2.,i.e. 1.4 pCi
Sr-90/kg and 61 pCi Cs-137/kg.

5.9.10, Fggs
The activity contents in eggs were estimated from the measurements
in Copenhag The levels were 2 pCi

of a sample collected in Sept
Sr-90/kg and 4 pCi Cs-137/kg.

5.9.11, Coffee and Tea

The levels, measured in 1969, were used, i.e. 27 pCi Sr-90/kg and
168 pCi Cs-137/kg.

5.9.12. Drinking Water

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

5,9.13. Discussion

Tables 5.9.3 and 5. 9.4 show the estimates of Sr-90 and Cs-137 in the
Danish diet in 1971. The figures should be compared with the levels calcu-
lated from the total-diet samples {cf. 5.7). The Sr-90 estimates obtained
by the two methods were 7.9 S.U. and 7.5 S. U. respectively, and the Cs-
137 estimates were 38 pCi Cs-137/day and 33 pCi Cs-137/day. Figs. 5. 9.1
and 5. 9. 2 show a comparison between the measured and calculated levels in
total Danish diet since 1961. The agreement between the two methods was
satisfactory.

The relative contribution of Sr-90 from milk products decreased from
approx. 44% in 1970 to 40% in 1971, whereas that from grain products in-
creased from 31 to 34%. The contribution from potatoes, other vegetables
and fruit was 20%, i.e. nearly the same as in 197). The relative contribu-
tion of Cs-137 in the total diet changed as follows from 1970 to 1971: Milk
products decreased from 20 o 17%, grain products increased from 26 to
32%, and meat from 28 to 32%.

Fahide b,

I'siin-=le of the me:n content of Sr-90 in the himan diet in Denmerk o 1971
Awmal Total Percontage of
Type of fuud quonlity PCE Sr-90 total pC 90
in kg in food
Milk and crcam 14,0 a8 1410 ~8.8
Cheese a.1 £1 b ALk
Grain products 20.3 20.9 1475 7,4
Poiatocs 3.0 3.0 256 Tl
Vegetubles 43.8 1 482 2.4
Fruit 51.1 4,7 2ho LX)
Mcat 54,7 1.3 1 1.5
Egrs 10,9 H 22 c.5
Fish 10.9 1.4 15 [ ]
Coffce and tea 5.5 27 148 - 3.0
Drinking water 568 0,03 1€ 0.3
Total 4891
The mean intake was i at 820 g (app. 200-250 g Creta
praeparata), Hence the Sr-90/Ca ratio in the total diet was 7.9 S, U, in 1971
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Palle 5,8,4

Estimate of the mean content of Cs=137 in the human diet in Demaark in 19791

Type of food awniiiy | PCACo-137)  wotal (ot 53 Coar

in kg per kg PCi Cs-137 in food
Milk and crewn 1640 14 2296 16,0
Cheese 2.2 10 a1 (X3
QGrain producls 0.3 55 uhay .5
Pot=iors 7%.0 10.8 8 5.8
Vegelubles 4%.8 1.6 e .5
Pruit 5l.1 5.9 301 2.1
Meat 54,7 81 L2538 1.6
Egos 10.9 4 bl c.3
Fish 10.9 A1 6E5 4,7
Colfce and tea el 168 9L 6.F
Drinking water 548 o [J 4
Toinl 140y

As the approximate intake of potassium was 1365 g, the pCi Cs-137/g K ratio
The daily mean intake in 1971 was 38 pCi Cs-137 per capita.

was approx. 17,7,
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Fig, 5.9.2. A comparison between estimated (cf. 5.9) and measured (cf. 5.7)
Cs8-137 levels in total Danish diet, 1963-71

6. STRONTIUM-90 AND CAESIUM-137 IN MAN IN 1971

6.1. Sr-90 in Human Bone

The collection of human vertebrae from the institutes of forensic medi-
cine in Copenhagen and Arhus was continued in 1971, As in the total-food
survey (cf. 5.7), the country was divided into eight zones, The samples
were divided into five age groups: new-born ({1 month), infants (I month -
4 years), children and teen-agers (5 - 19 years), adults ( 629 years) and
adults ( )29 years).

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

The levels were higher in 1971 than in 1970 for all age groups. The
highest levels in vertebrae were found in the infant and children groups,
the lowest among new-born (cf. fig, 6.1). Adults between 20 and 29 years
showed as previously higher levels than adults of more than 29 years.
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As in the previous years‘ ), the mean OR: S. U. (new borns' bone)/S. U.
(mothers' diet during pregnancy) was calculated from tables 6.1.1, 5.7.1 13
and 5.7.2 and Risg Report No. 245, tables 5.7.1 and 5.7.2'). Tables =
6.1.7 shows the result compared with the OR values from previous years. Sr-90 in bone from child-en and tevn-agers (719 years) in 1931
Zone Age in Mouth Sox | pCi Sr-902 Ca | Sample no.
years of
death
e 6.1.1
- I © x . R s - e
Sr-90 in bone from new-born children { {1 month old) in 1971 I & s L4 w -3
I 15 2 ¥ o s
Zone Age in Montl Sex pCi Sr-20/g Ca | Swaple no. I 9 1c -4 .58 MR 153
days of I 18 1 B 1.01 - 173
death I 2 5 » 1.9 -
34 7 & -4 1.39 - g
I 15 S F 1.20 MK 87 11 16 13 E 1.65 -1
o 0 3 F 111 - 51 1 i [ » 1.5 - 71
i s 3 .4 1.42 55 1 6 4 F 2.33 - 8
11 5 3 F 0.8 M 57 II 16 11 F 1.9 M 183
11 10 4 .} 1.08 X 64 11 5 3 L 1.15 - 10
34 7 2 .4 3.15 L
I 1 6 F 2.25 = 0
Table 6. 1.2 josd 11 b " 3.8 w8
" 1 7 5 L] 3.08 w 8
Sr-90 in bone from infants { €4 years old) in 1971 I 18 5 .3 .n - 9%
Zone Age in years | Month] Sex] pCi Sr-90/g Ca |Sample no. ¥ b4 z " 2% .o
and manths | of ) w 5 5 4. 275 =
deuath vI 15 4 x 3.19 w® w2
Vi 15 4 ¥ 3.2 w75
I ém 10 .3 2,89 M 154 VI 17 & F 1.30 [N
: b.5m 3 F 1.9t MK 49 VI 17 4 5 3.05 w
L by 3 F 1.59 LS v 17 s " 1.9 w
i 3y > 3.33 L vI 17 . n 2.73 -~ e
i 1y o} F 4,46 M 146 Vi 19 10 " 122 " 118
ir by 10 ] 2.3 MK 149 VI 17 9? F 3.17 w13
1 by 10 M 2,09 MK 150 vI 16 9 3 1.53 LB
I 5m 9 F 3.28 MK 151 VI 17 9 F 143 Lt
i 2y 10 M 2.86 MK 152 153 17 9 ] 1.69 n
1 by 11 .4 2,42 MK 161 VI 15 8 F 5.63 w1
i L.5m 61 x L8 "% v 1n 9 ¥ 1.3 w138
i 438 34 om 154 LI v 17 u F 1.23 " 18
B8 3.5m 3 P 1.29 MK 60 vi 17 4 1.2 w7
At 4y A L7 69 v 15 1 x 121 won
111 15w b F 147 M 70
11 1m N ¢ Loz % B vi 19 1 ] 1.19 ]
. n ¢ u 2.6 w o vI 15 5 Li 3.45 L3
vI by 9 ¥ 1.87 > 128 vi 13 s L§ 2.82 = %
. vi 9 5 14 3.66 M 100
VI 3m 1 F 2.58 MK 39
VI im 1 L 4,10 MK 196 vI 18 5 n 2,26 = 10t
vI 2y 6 F 3.7 - 105
VI 2m 9 L 2.7 MK 10
vI 0om 1 F 4,78 MK 190
vI bm 12 ] 6.15 MK 198




Table 6.1.4

T4

Sr-90 in vericbrae from adulis { #29 ycars) in 1971

5

'Elhh‘ G.t.6

Sr-90 {pCifg Ca) in human vertebrae colleeted in Dennrark in 1971

Number of
Age group samples Rin. Max, Aear
New-born S 0,8 .42 1.11 Taid
{(1 month)
Infants "
2! 22 34 2.3 Sl

(24 years) 2 1. w19 3

hildr
Children 40 1,01 5,63 1.9 e
(£19 years)
Adults 12 1,20 2,97 1.66 1.81

» 2,97 NiY o

( %28 years)

Adults
{» 30 years) 24 1.05 3.48 1.52 Tt

Zone Agc in Month Sex | pCi Sr-90/g Ca | Sample no.
years dl.':{h
I 20 1 F 2.33 MK 180
T 23 2 L] 2.97 M 36
I 29 10 F 1.53 MK 155
™ 25 1 M 2.2 M 8
Ee 26 9 F 1.66 MK 127
VI 22 9 F 1.8 M 134
Vi 20 8 N 1.65 L. U]
VI 20 10 F 1.53 MK 166
VI 29 1 L} 1.4 MK 173
I 27 1 F 2.03 M 33
vI 25 2 F 1.20 M 27
VI 25 2 N .21 M 26
Table 6.1.5
Sr-90 in vertebrae from adults ('\ 29 years old) in 1971
Zone Age in Month Sex pCi Sr-90/g Ca | Sample no.
years d:a’th

1 75 2 3.48 MK 44
1 8 2 M 1.71 MK 35
1 55 1 M 1.05 MK 6

1 49 1 M 1.33 MK 7

1 63 1 F 1.39 MK 9
i 48 2 M 1.87 MK 37
u 38 2 F 2.38 MK 38
b4 4% 2 M Li11 MK 41
bi g 50 2 F 2.02 MK 45
Jid 62 M 1.53 MK 157
1 51 1n M 1.9 MK 181
u 55 u M 1.50 MK 182
I 62 2 M 1.25 MK 24
It 39 2 F 1.8 MK 30
I 38 1 M 1.65 MK 28
I by 1 M 1.% MK 22
I 84 2 F 1.72 MK 34
m 53 2 P 1.43 MK 43
m 39 n M 1.4 MK 184
m 63 1 F 1.7 MK 20
v 35 1 M 1.%0 MK19
Vi 45 2 M 1.15 MK 29
Vi Sh 1 M 113 MK 18
vi ¥ 2 1.35 MK 25

4 {pCi Sr-90/g Ca

@

2 ® ® @@@ Q
1{ ®

3

3d %d 304  3m 6m9mly 2y 4y 7yl0y 20y 4Oy 60y 100y

Fig. 6.1. Sr-9%0 in human vertebrae in 1971 (the figures in the circles
indicate the mumber of samples)

Table 6.1.7

Observed ratios:
OR 5.U. new borns' bone/S, U. mothers® diet during pregnancy 1963-1971

Year 1963 | 1964 | 1965 | 1966 {19867 | 1968 | 1969} 1970} 187 | Meun

OR 0,11 } 0.09] 0.08] 0.09}0.13 | 0.23 | 0,11] 0.10 0.13 | 0,108

8D 0,04 | 0,02 | 0,03} 0.03]0,06 | 0,05 | 0,05]C,03 0.03 | 0,019

SE 0,01 { 0,01} 0.01] 0,01 0.0 § 0,01 | 0,01]0.01 0,01 | 0.006



http://Vo.lv

%

Sr-90 in vertebrae collected in 1970

Zone Age Month Sex }pCi Sr-90/¢ Ca | Sample no.
of
death
b 1 day 8 M 2.39 M 61
VI 13 year © F 112 MK 11
vI - 1 L} 1.70 M 15
vI 17 - 12 F 148 MK 13
w 3 - 1 F 1.34 M 3
had 38 - 12 F 1.2 - b
1 b - 1 F 1.58 W 5
™ 4 - 12 ] 2.01 ww 1
VI ¥ - 12 L] 0.75 . @
| 1 60 - 12 F 2.91 o 2
Table 6,2

Whole-body measurements of cacsium-137 and polassium in 1971

e | x| R uel SN W borcaromd percomtare fuddy b
1 F | april {21 ] 160 57 12.9 26.4 2.0
2 F - 23 | 170 56 1k 28.9 2.0
3 ¥ - 39 | 178 6 8.6 14,3 1.7
4 F - | 161 €0 6.4 1.5 1.8
5 F - 27 171 9 6.6 8,0 1.2
3 ¥ - 3 | 164 6 3.9 5.2 1.3
7 ¥ - 431 171 64 15.9 27.7 1.7
8 M - 39 | 193 8o 15.2 28.2 1.9
9 ] - 43 | 170 66 13.8 24,9 1.8
10 F - 24} 16k 45 15.9 28.6 1.8
13 F - 39 | 161 55 11.8 21.9 1.9
15 F - 35 | 165 54 5.6 9.4 1.7
16 M - i | 184 79 12.2 22.2 1.8
17 F - 31| 159 58 10.8 18.8 1.7
18 M - 32 178 78 6.4 14.3 2.2
19 M - AR 75 14,3 29.3 2.1
20 [ - 39 | 12 64 11.6 23.8 2.1
21 F - so | 176 64 9.6 16.3 1.7
22 ] - 48 | 183 75 16.5 37.4 2.3
23 L4 - n | 192 89 20.2 43,1 2.1
24 3 - W | 170 78 10.8 22.0 2.0
25 F - 29 167 58 11,0 18.8 1.7
26 F - 32 160 55 14,7 27.0 1.8
1 F July |21 | 160 57 9.8 17.9 1.8
2 F - 25 | o 56 27.6 54,2 2.0
4 F - 47 { 160 60 5.2 10.9 2.1
5 F - 27 b1 9 4.3 5.7 1.3

i
i i K[k,
No. | Sox |Counting 5 e Helgh: WoEt | st caaygi] pe1 Co-137/kg body (n‘glgh:
3 F - L | 164 66 5.7 8.3 1.5
7 F - 43 117 (33 1.1 19.7 L6
8 [ - 39 | 193 & 25.7 8.9 1.1
10 F - 24 ] 16 45 1.1 24.1 o
~1 F - 32 180 74 11.5 20.0 1.7
2 % - bl 72 1L1 24,0 2.2
13 ¥ - 39 | 161 55 11.8 20.9 1.8
15 F - 3% 165 4 6.3 10.2 1.6
18 ¥ - =2 178 78 10.1 20.0 2.0
19 L} - 29 | 174 75 11.8 4.7 2.1
20 L - 39 | 172 64 15.4 32.4 2.1
23 M - 11| 192 89 21.6 42,6 2.0
24 M - 40 170 78 8.8 16.6 1.9
26 F - 32 | 160 55 11.7 20.0 1.7
90 M - 50 185 101 24,6 38.3 1.6
91 ¥ - 46 | 17k 87 7.5 12.0 1.6
% M - 32 | 1% 8 1.8 26.9 2.3
95 F - 3] oo 58 8.3 4.9 1.8
2 F Dec. |23 | 170 61 12.5 23.0 1.3
3 F - 39 178 66 3.2 5.2 1.6
4 F - 47 | 161 60 12.7 2c.9 L.6
5 ¥ - 27 | 9 8.3 1.3 1.4
3 F - 34 | 168 59 4.0 6.5 1.6
7 F - 43 | 171 64 20.2 29.9 1.5
8 ¥ - 39 | 193 80 21.2 38.8 1.8
9 M - 43 170 66 8.3 14,3 1.7
10 F - 24 | 26k 16 15.3 29.6 1.9
1 F - 32 | 180 71 12.1 21.7 1.8
12 ] - 33 | s 72 17.3 3.1 2.0
13 F - 39 | 161 56 12.1 20.6 1.7
18 L] - 2 | 178 76 8.6 16.6 1.9
19 ] - 29 | 174 73 15.3 3.2 2.0
20 ] - 39 |12 66 17.8 5.1 2.0
21 F - 50 | 176 65 8.6 13.0 1.5
22 M - 48 | 183 76 15.8 37.8 2.b
2b L] - w | 170 71 11.8 23.7 2.0
25 F - 29 167 57 h.8 746 1.6
26 F - 32 | 160 56 114 23.5 201
30 L - 25 168 58 19.1 39.2 2.1
31 L] - 29 | 18 78 24,0 41.5 1.7
32 F - 42 | 157 64 10.3 16.5 1.6
33 ] - ko | 184 63 2%.2 48.5 2.l
36 F - 25 | 158 45 5¢5 10.5 1.9
9 L§ - 45 | 174 8 19.3 37.0 1.9
92 M - 32 180 80 19.1 43,0 2.3
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6.2. Cs-137 in the Human Body

In July 1963, whole-body measurements were initiated at Risg in the
low-level counting Toom in the Health Physics Department (cf. 2.3 in Risg
Report No. 851 )). A control group from the Health Physics Department was
selected and has since then been measured three times a year. Table 6.2
shows the results.

The annual mean value of the control group was 13 pCi Cs-137/g K. As
earlier, we shall consider this figure representative of the mean of the
Danish population in 1871, The total-body content of Cs-137 in 1970 for a
standard man containing 140 g of potassium equals 140 - 13 - 10'3 nCi =
1.8 nCi Cs-137, i.e. approx. 60% of the 1970 level.

| PO Ca-1aTIgK
[

g
—

jL H‘\h{{‘*

L B

.'gg-lnh'HJA'J#'s%'Jn'J'W&';'fo'J :‘sﬁ-g'g's'n‘ ‘fs‘-‘.\lﬁ'?.'s&-lu','r’.h'dwE?—WTF&'-’-‘-%.‘;‘J.‘,,‘, 'r'..'.%.’s%'-{uﬁ'ﬁ%’#sb%‘

pCi Cs-OYigK
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TS OW O FeaW s A SOND PWaw ) A SONO T WA 7 25 ONG R A 78 NG P IR W FA PSR AR
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1963 64 985 1988 1967 L] 1969 70 197

Fig. 6,2, Ca-137 mean levels in humans, 1963-71 (1 8, D. indicated)
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The decrease from 1970 io 1971 is of the same order as from 1969 to
1970. As discussed in the 1970 report (Riso Report No, 245' )) Wwe suspect
the figures from 1969 (and 1968) to be wo high. We have, however, uot
finished the recalibration of our whole-body counter, and the results since
1968 are thus still subject to a possible revision.

Fig. 6.2 shows the mean M. U. values {with one S.D.) for men and
women measured in 1963-1971.

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 (cf. alsu Appendix C).

7. STRONTIUM-90 IN SEA WATER IN 1971

The collection of sea-water samples initiated in 1961-62 wus continued
in 1971. The samples were collected by "Fyrholm' in June and December
around Zealand at the same locations as in 1970.

Fig. 7.1 shows the mean content of Sr-90 in sea water collected since
November-December 1962 in inner Danish waters (cf. also fig. 5.8, 2). The
levels have been rather constant in recent years.

Table 7. 1.2 shows the Sr-90 levels in sea-water samples collecied in
@resund at Barsebich, where a Swedish nuclear power plant is under con-
struction,
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Sr-9¢ in sea water collected at Barceback in June 1971

Table 7.1.1
Sr-90 in sea water collected around Zealund in .June and December 1971 Position ‘,‘epm pei/L Salinity
Position I June December N E i ofoe
epth {pCif1 | salinity] depth |pCif1 [Salinity 5% 12%4 ° 0.80 7-9
N E in m ofoo| in m ofoo o o,
- o -~ 55%3" 129541 15 0.80 9.8
Kullen 569150 | 12%5 0 o.57 | 2u.7 o o
" bottom | 0.535 | 28.1 ssTas 127 b 037 06
Hesselo 56%100 [ 1% e ot | 18- P c.56 { 1% 55°4% 12%54! o o.B 8.2
) " W . 27 C.27 222 |bottom | c.s1 | 29.2 55%8 12%2 15.5 0.8 10.6
Kattegat SW 56%7' | 119100 a o .
N bottom 55%48" 12921 16 0.32 3.6
Asnas rov 5538 | 10%T | = et o 5518 12%2! o 0.81 9.0
o w© 31.¢ [|bottom
Halskov rev 55200 | 11%z2r 0 Mean surface o8 B
" o bottom SD 0.01 0.6
Langeland balt 5¢%2' | 10%e’ 1 Jo.8 | 13.8 o SE 0.00 0.3
" " 45 042 28.8 |bottom 19.8
Drager 55%35' | 12%4¢ o [o.69 | z8.5 Mean bottom 0.58 20.7
" [4 0.76 8.2 sD 0.28 12.1
Gedser rev 54928 | 1213 1 0.73 13.2
oo 20 fo.72 | 14 E o 59
Stevns 55%160 | 12%4+ o [o-79 7.9
" 22 0.60 17.4
The Sound - South 55%25 | 12%39° ° 0.43 9.2
- " " \boﬂ.om 0.43 10.8
The Sound - North A | 55%48" | 12%4+ 0 0.57 | 20.0 | pCiSr-90A
"oow " bottom 1 0.26 | 21.2 15
The Sound - North B | 55%59" |12%2 | o [o.7s | 12.6 o 0.48 | 15.5 i
" n " 27 0.25 32.6 [bottom 0,40 24,6 I
Mens klint 54957 [12%1¢ 0 o2 | 9.1
woow
bottom [o.68 | 14.4 10 } }
Mean surfaceo.73 13.4 |surface |o0.52 17.7 {
SD j0-05 4.0 0.09 5.1 L { + +
SE 02 | otk 0.3 | 1.6 | + )
Mean Pottom 10.42 26.4 |pottom [0.52 { 21.8 [ { }
sD jo.20 3.3 0.17 5.9 0s ¢ {
SE 008 3.4 0.05 1.9 I

1962 963 1964 1965 1966 1967 1968 19691970 1971

Fig, 7.1. Sr-90in sea water from inner Danish waters, 1962-71
(1 8. D, indicated)




82
1 120 3
T
PR N
| D
rEe
SEWN
%P N wire
neiv o
» 8. SPECIAL SURVEYS

8.1. Meteorological Mast Experiment

As in the previous years, samples of precipitation were collected from
the meteorological mast at Risg at eight different heights, The Sr-90
analyses were, however, carried out on quarterly and not as previously on
monthly samples (cf. fig. 3.1.2.2).

Table 8.1.1 shows the Sr-90 levels in the eight bottles throughout the
year, An analysis of variance of the natural logarithm of the pCi Sr-90/1
and the mCi Sr—90/km2 figures showed as previously that the variations
between months were highly significant (P ) 99.95%). The variations be-
tween the different locations were significant (P ) 99.5%) in the case of
pCi/l, but not for mCi/kmz. The monthly mean evaporation of the year
was measured at 7 and 123 m. We found 12.6 e 2.5% and 9.0 ty. 4% re-
spectively, i.e. the evaporation was not higher at the top of the mast than
at bottom (cf. also Risg Reports Nos. 107, 130, and 1 54] )).

The mean amount of precipitation in the eight bottles on the must was
475 mm in 1971, i.e. as in 1970 approx. 90% of the level measured in rain
bottles at ground level at Risg (cf. tabie 3,2.4.1). The total deposition was
1.07 mCi Sr-90/km2, i. e. 10% higher than the level measured at the ground
stations at Risg (cf. 3.2.4).

L
”

Fig. 7.2, Sea water locations around Zealand

9
AT o, e s
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Sr-90 in t:e meteorologival mast 1471

8.2. Fission Product Ratios in ! nipies o «d in the Meteorulogical

Mast in 1972

Air samplers of the injector :3p: :ave been installed in the meteoro-

logical mast at the same altitudes .s uic rain bottles. Each sampler was
equipped with an 8 cm glass-fibre filter which was changed every Monday.
The thirteen filters from three months were combined to a quarterly sampie
from each height. The total amount of air in a sampie was approx. 7500 ma.
The samples were counted on a Ge{Li) detector for 24 hours. Sr-90 {and
Sr-89) were also determined.

Tables 8.2.1 - 8. 2.7 show isotope ratios determined at the different
heights. Analysis of variance were carried out on the ratios. We found no

indication of any variation in the ratios with altitude.

Cel41/Cel44 in air filters collected quarterly at 8 diffcrent heights
in *he meteorological mast at Ris# in 1971

9m Tm 2 ELEN
.~ N 2 . 2
pCif1 mCtfkm PCH1 mecifin? | point meifkm? | peift
Jan
Feb, 1.0 0,109 1.10 0.133 1.4 0.194 1.58 0,23
Mar.
Apr.
May 3.20 0,83 3.9 0,526 4,61 0.622 3.8) 0.5%
June
July
2.38 0.7 232 0.28 2.58 ©0.307 2.8 0.3%07
Sep.
Oct.
Nov., 0.58 0,084 0.58 0.0€ 0.70 0.09% 0,70 0.077
Dec
1971 .79 I 0.896 % 2,03 L 0.998 x2.34 T 1.217 ® 2.28 T 135
501 om 491 m 21 - 507 ==
36 m T2m 9 m 123m Meaa
if1 2 i < 1 : B
oCif1 metfin? | peift | meifxm? | peift met/im? | peint mCifken®| peift | meifiem?
1.35 0.168 1.8 0,242 L9 0.210 Ly 0.13 1.53 0.178
4,21 0.510 3.6 0.511 62 0.531 3,54 0.432 5.95 0,511
2,69 0,312 3.07 0,325 2.9 0.298 3,50 0,280 2.7? 0.298
0.7 0.085 0.69 0,083 0,67 0,072 0.96 0,100 0.70 0.083
k 2.25 11075 [R2.3 7 1.161 £ 2.57 £ 111 % 2.50 T 0.948 22.25 £ 1.0%0
478 em 490 am 433 wn 378 = 475 -

Jan_-Mar_| Apr.-June | July-Sep. Oct. -Dec.

¢m 0.35 0.11 -
Tm 0.12 0.09 - -
23 m 0.39 0.11 - LI
39m 0.32 0.10 - 0.23
56 m 0,34 0.14 - -
2m 0,34 0.10 - -
96 m 0.3 0.11 - -
1I22m{ 0.3 o.10 - 0.62
X 0.32 0.11 - 0.33

L 0.26 0.14 - 0.h5
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Zr95/Cel44 in air filters collected quarterly at 8 different heights Ral06/Zr95 in air filters collected quarterly at § different heights

in the meteorological mast at Risg in 1971 in the meteorological mast at Riso in 1971

Jan. -Mar. | Apr.-June | July-Sep. | Oct.-Dec. Jan. -Mar.| Apr.-June | July-Sep. | Oct.-Dec.
Om 0.72 0.75 0.42 0.31 om 0.76 .oz 1.52
Tm 0.72 0.77 0.40 0.45 7m 0.56 Q.65 1.42 RSN
23 m 0.66 0.75 0.41 0.19 23 m 0,96 0.55 1.29 e
39m 0.69 0.75 0.43 0.42 39m 0.61 0.64 .08 it
56 m 0.69 0.81 0.42 0.36 56 m 0.64 0.59 1.20 R
72 m 0.65 0.80 0.38 0.20 72 m 0.73 0.56 1.06 ton
56 m 0.73 0.77 0.30 - 96 m 0.80 0.67 2.18 : -
123 m| 0.49 0.72 Q.b5 0.36 123 m 0.27 0.58 1.48 3,65
x 0.67 0,77 0.4 0.33 H 0.64 0.61 1,46 5,91

n 0.12 0.0k 0.11 0.31 n 0.27 0.07 0.21 0.52
Table 8.2.3 Table 8.2.5
Zr95/Cs137 in air filters collected quarterly at 8 different heights Ru!03/Rul 06 in air filters collected quarterly at 8 different heights

in the meteorological mast at Risg in 1971 in the meteorological mast at Risg in 1971

Jan, -Mar. | Apr, -June | July-Sep. Oct. -Dec. . Jan, -Mar. | Apr.-June | July-Sep. Oct. -Dec.
0m 7.34 8.80 5,42 2.02 ¢m .79 0.65 - 0.26
7m 12.75 11,46 4,51 12,77 7m 1.14 0.65 .23 -
23 m 10.73 10,68 4,35 1.30 23 m 0.69 0.62 0,16 0.50
¥m| 8 10.37 5.28 4,44 | 39m | 0.8 0.62 - 0.26
56 m 9,04 9.8 4,63 3,63 1 56 m 0.9 0.64 0.26 0.24
Zm 6.44 10,10 5.10 1.83 i T2 m 0.8 0,60 - -
96 m 9.61 9.46 3,59 - 96 m 0,64 0.59 0.12 0.38
123 4,65 9.31 5.32 3,09 123m 1.62 0,66 0.09 0,24
X 8.62 10.00 4,78 4,15 x 0.93 0,63 0.17 0,31

1 .29 0.08 0.13 0.5 f n 0,34 0,04 0.h2 0,34




Cs137/Sr90 in air filters collected quarterly at 8 different heights
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Table 8.2.6

in the meteorological mast at Rise in 1971

Jan. -Mar.} Apr. -June | July-Sep, Oct. -Dec,
o0m 2.a2 1.92 1.26 2.02
Tm .24 1.49 141 0.43
23 m 1.51 1.68 1.65 1.61
3% m 1.94 1.64 1.56 1.4
56 m 1.hg 1.50 2.2 .13
72 m 2.09 1.62 1.62 1.04
96 m 1.50 1.67 1.46 -
1231n 2.54 1.57 1.38 1.05
E3 1.79 1.64 1.55 1.24
] 0.24% 0.08 0.15 0.4
Table 8.2.7

8r89/Srd0 in air filters collected quarterly at 8 different heights
in the meteorological mast at Risg in 1971

Jan, -Mar.| Apr.-June July-Sep. Oct. -Dec.

Om 8.0 3.68 - -
7m 10.1 3.94 - -
23m 11.6 3.79 - -
39m 10.1 0.89 - -
56 m 5.0 -~ - -
T2m 2.0 h.37 - -
86 m 0 2.87 - -
123 m 2,8 4,19 - -
X 6.7 3.39 - -

1] 0.55 0.35 - -
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No human milk samples were collected in 1971.

8.4. Country-wide Measurement of the Y-Background in 1971

8.4.1. State Experimental Farms

As in the previous yem‘s1 ), the Y-background was measured in March,
June, September, and December at ten State experimental farms. Table
8.4.1.1 shows the results, and table 8.4,1.2 gives the analysis of variance.
The variations between locations were highly significant (P ) 99.95%). As
in the previous years, it was evidently not the fall-out that determined the
variation between locations.

As the accumulated fall-out levels have been rather constant since
1966, we have no reason to expect a significant decrease in the Y-background
levels since that year. In the period 1966-69 the mean background for the
ten state experimental farms was 6, 33 t 0.17 pR/h, but in 1970 we found
5.4 and in 1971 4.5 yR/h. We ascribe these low mean levels to a decreasing
sensitivity of our scintillation crystal for Y-energies, for which we cannot
compensate when we calibrate it with a Ra-226 source. We have therefore
corrected our 1970 (Risp Report No. 245I )) and 1971 results by multiplica-
tion by factors of 1,17 and 1.40 respectively.

Table 8.4.1.1

Y-background at the state experimental farms in 1973 (uR/h)
{Correction factor 1,40 has been applied to all data}

Mar. June Sep. Dee. Mean
Tylsirup 4.9 5e3 5.7 5.2 5.3
Studsgérd 5.0 4.3 4.3 4,2 boh
Bdunm €.3 7.7 6.3 7.0 £.8
Askov 6.2 6,2 5.9 5.7 6.0
St. Jvndevad 4.3 b2 b3 4.2 w2
Blangstedgird 6.7 7.4 6.2 6.6 6.7
Tyslofte 7.1 7.0 71 8.3 Pl
Virumgird 6.4 R 7.0 7.4 " 7.0
Abed 7.0 6.7 5.6 5.7 6.2
Axirkeby (9,0) 8.7 9.5 8.8 9.0
Mean 6.3 6.5 6.2 6.3 6.3
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hi_—.;_ Tuble 8.4.7 Table 8.4.3
vais uf varinee of the V-background at the swate experimental farms in 1971 Y-background (s /Rh) in the five zones around Rigp in 1971 V-buckground (R /h) aroumt . locaton i eaband su 190
{from tzble 5.4.1.1) {Correction factr 1,40 has been applied to all data) (Correction fuctor 1,40 has been dppliesd o all data}
- K Zone and sector Juiy
Variaton S5O 1 s? v2 » rc"t“ coloured | Location July s
maj
Setwoen R BT T.nlT 3 2 > A3
Betwoen ke 3 Tl kK 0.2113 F.b2 1 1 7. Al 3
Netween s o.117 2 0.0033 0.55 - - : &3 A3
A6
EREE] b 0.0055 - : - AT
- - 1.9 AB
) _ . 0.0 A9 '
Fig. 8.4 shows the Y-background in four groups of sampling stations M
3 2 Mean Al
since 1962, The fact that stations with a low fall-out rate and a high clay e &
. . . B1 5
content in the soil (Abed, Blangstedgird and Tystofte) show higher Y-levels n : - B2 vl
than stations with a high fall-out rate and a low clay content (but a high sand ) : > 28 v
° - = - B4 w0
content)' (Studsgard, St. Jyndevad and Askov) was discussed in Risg Report “ 2.8 85
No. 1547, ) i B
Mean 2.6 BT -
BB 78
uR/h . u 1 Bo
A o-——o  Alirkeby : > -t B10 o
15 +—— Abed, Blangstedgdrd, Tystofte N s - Mean 7.0
a--——a Virumgard, @dum, Tylstrup - . 7.0 c1 5.7
St. Jyndevad, Askov, Studsgard c2 5.3
Mean oo c3 2
10 c4 7.0
v 1 7
Cc5 7.8
- 2 7.8 cE fo
» v A ‘ _ 3 7.8 c1 o
£ ’ - y 7.4 ce e
5 ‘ co (X3
’ \/\/I—-\._,V ! - s 6.6 ci1o 7.8
% _ € 6.6 cn 7.0
1 _ 7 7 ciz 967
- 8 7.8 Mean ]
1962 1963 i I ¥ - - -
6. 1964 1965 1966 1967 1968 1969 1970 1971 Mean 7.2 z |2 ? ‘
Fig. 8.4. They ground at the State farms, 1962-71 v 1 6.2 D3 67
D4 7.0
- 2 7 D3 Tt
- 3 5.3 D6 7.4
8.4.2. The Risg Environment : ' ot o Py
- 5 7.8
D9 fiok,
Y-background measurements were performed in the five zones round - ¢ 7k pio 7t
Risg in July, The measurements were carried out at the locations where - 7 7 o -
B D12 WA
grass and soil are collected (cf. figs. 3.1.2,1 and 3.1, 2. 2 (the coloured - L 7.8
map)). - 9 7.2 Mean 7
Table 8.4,2. shows the results, ) * !
- 11 Tole
- 12 7.0
Mean 7.1
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In all locations in zone I and in location 2 in zone Il the Y-kackground Table 8.4.4
was increased because of the various radiation sources at the research Y-background (uR/h) around a location in Jutland in 1971
estublishment. The weighted annual mean for zones I1II-V was 7. 2 uR/h, {Correction factor 1. 40 has been applied to all data)
i.e. equal to the (corrected) 1970 level. 1n zone I the surplus activity from Zone and sector July
the research establishment was 8.8 - 7.2 = 1.6 uR/h (in 1967: 4.0, in 1968: Al 6.6
3.9, and in 1969: 3.3). A man working in the open in the Risg area 40 hours :: ;z
a week for 45 weeks a year would thus get a surplus dose of 3 mR/year. i: ';:
8.4.3. A Location in Zealand as - Table 8.4.5
As it is important to have knowledge of the preoperational radiation :: :: The Y-background (uR/h) along the coasts of the Great Belt in 1971
levels of a nuclear power plant, it was in 1967 decided to initiate such A0 6.6 {Correction factor 1.40 has been applied to all data)
measurements at a location in Zealand (and one in Jutiand) which might be ::; Zz -
used for nuclear power plants in the future. o= " Location July
The area around the location was divided into four zones: A, B, C, and = oo Agerso 5.3
D, with radii of 5, 10, 15, and 20 km respectively. The zones were each B2 6.6 Ome 5.3
divided into 12 30° sectors, sector 1 being from straight north and 30° :: :: Resnzs 5.3
clockwise, sector 2 from 30 to 60° and so on. A measuring location was BS 7.0 Reerse 6.2
thus determined by a zone letter and a sector number. Locations in the :: :: Halskov 8.3
sea were omitted, BS 53 Sproge 6.2
Table 8.4. 3 shows the results. The annual mean for all locations was : 190 :: Knudshoved 5.3
6.8 uR/h, i.e. nearly equal to the level found in zone III-V around Risg, BH 5.7 Risinge 5.7
and to the levels in previous years. B12 62 Fyns Hoved 5.6
Mean 6.0 T&rup Strand 6.2
8.4.4. A\ Location in Jutland - c1 2.0 Hov, Langeland 8.2
Table 8.4.4 shows a similar investigation as in 8.4, 3 for a location in i 2: Z; Mean 6.1
Jutland. The annual mean for all locations was 6.0 yR/h, i. e. lower than ci 7

(2]
@
=
o

levels of Zealand (cf. 8.4.2 and 8.4. 3), and lower than in 1967-70.

Cc6 5.7

c1 6.2

8.4.5. The Coasts of the Great Belt ' 2 : >
The Great Belt is a main shipping route for international traffic through z :'l’ :i

the inner Danish waters, Oeccasionally this waterway will be passed by ci2 6.2
nuclear ships. An environmental Y-survey of the coastline along the Great Mean 61
Belt has therefore been initiated. Table 8. 4. 5. shows the results. The D1 6.6
levels were a little lower than those found in most of the other parts of the D2 6':
DS 5.

country. The annual mean was 6.1 pR/h. D4 7.0
It is remarkable that the lowest y-background levels are found near D5 : :

D8 .

the sea. p1 6.2
D8 5.3

De 5.3

Do 5.9

DN 5.7

D12 6.2

Mean $:0




9. CONCLUSION

9.1. Risg Environmental Monitoring

No radioactive contamination of the environment originating from the
operation of the research establishment was ascertained outside Risg in
1971. As in the previous years, the variations in contamination levels were
quite independent of the distance of the sampling locations from Risg,

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

The 3mean content of Sr-90 in air collected in 1971 was 0, 0019 pCi
Sr-9'0/m » i.e. 10% lower than the 1970 level. The average fall-out for
the State experimental farms in 1971 was 1, 5 mCi Sr- 90/1m.12 or a little
lower than the 1970 figure, and the mean concentration of Sr-90 in rain
water was 2.8 pCi Sr-90/1, i.e. 15% higher than the 1970 level.

The accumulated fall-out down to a depth of 30 em by the erd of 1971
was approx. 54 mCi Sr-90/km2. From 0-20 cm the level was 47 mCi
Sr-90/km?.

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

The median level of Sr-90 in Danish ground water was 0. 09 pCi Sr- 90/1.

The mean level of Sr-90 in fresh water from Danish streams was 0. 37
pCi/l and in lakes we found 1. 50 pCi Sr-80/1,

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

The mean level of Sr-90 in Danish milk was 7.2 8.U., and the mean
content of Cs-137 was approx. 14 pCi Cs-1 37/1.

The 1971 Sr-90 and Cs-137 levels were nearly equal to the levels found
in milk produced in 1969 and 7970,

The Sr-90 mean content in grain from the 1971 harvest was 60 pCi Sr-
90/kg. The Cs-137 mean content in grain was 84 pCi Cs-137/kg, The Sr-90
level in grain from the 1971 harvest was nearly 50% higher than the level
found in the 1970 harvest, and Cs-137 was 30% higher than the 1970 level.
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The mean contents of Sr-90 and Cs-137 in Darish vegetables collected
in 197 were 11 pCi Sr-90/kg (35 8.U.) and 1.6 pCi Cs-137/kg respectively,
and in fruite 5 pCi Sr-90/kg and 7 pCi Cs-1 37/kg; potatoes contained 3.5
pCi Sr-90/kg and 11 pCi Cs-137/kg.

The mean levels of Sr-90 and Cs~137 in total-diet samples collected in
1971 were 7.5 S.U. or 13.2 pCi Sr-90/day and 33 pCi Cs-137/day respect-
ively., From analyses of the individual diet components the Sr-90 level in
the Danish average diet was estimated to be 7.9 5. U. and the Cs-137 intake
to be 38 pCi Cs-137/day. The Sr-90 levels in the Danish total diet con-
sumed in 1971 were nearly equal to the 1970 levels, while the Cs-137 levels
were a little higher.

Grain products contributed 34% and milk products 40% to the total Sr-90
intake, and 32% of the Cs-137 in the diet came from meat, 32% from grain
products, and 17% from milk products.

The Sr-90 as well as the Cs-137 diet levels were on the average signif-

icantly higher in Jutland than in eastern Denmark,

9,4, Sr-90 and Cs-137 in Humans

The Sr-90 mean content in human bore (vertebrae) collected in 1971
was 1,1 S.U. in new-born children, 2.7 S, U. in infants, 2.2 S.U. in
children and teen-agers, 1.8 S, U, in adults (20-29 years old) and 1,6 S. U.
in adults of more than 29 years, The 1971 bone levels were generally
higher than the 1970 levels.

The mean content of Cs-137 in the human body in 1971 was estimated
from whole-body countings to be 1, 8 nCi (13 pCi Cs-137/g K), i.e. approx.
60% of the 1970 level,

9.5, Sr-90 in Sea Water

The mean content of Sr-90 in the inner Danish waters was approx. 0.6
pCi Sr-90/1in 1971, i, e. unchanged from the levels in previous years,

9.6. The Y-Background

The Y-background measured at the State experimentzl farms in 1971
was 6.3 pR/h.

9.7. Summary

The concentrations of long-lived fall-out nucleides in ground-level uir
and precipitation collected in 1971 were nearly equal to the levels found in
1970,
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In milk produced in 1971 the Sr-90 and Cs-137 levels were the same
as the 1970 levels. In grain from 1971 the levels were 30-50% higher than

the 1970 concentrations,
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APPENDIX C

A comparison between observed il prodicied Us-

inthe buman Zood vhacn o Desaek w1

The prediction models used hithertoI N have been corrected by the

introduction of an exponential term in the soil factor. Hence A is now the Sample and location 515111

calculated, available, accumulated fall-out (in mCi Sr-90/ kmz) in the soil. R . . AL Cse R
i i N O . Ali Uk from Jutland Lo . Pt

The effective half life of Sr-90 in the soil is 4 years corresponding to a K from the siands - B T Y FRE PR )

decay constant A of 0.17 years-] « The models for Cs-137 have been changed,
the soil term has been deleted, and in some cases replaced by a second lag

Rye from Jutland pli Cs-137/ky =

Rye from the Islands Ea iz pli Cu-13T/kg = -1
term (the fall-out rate of the year (i-2)). Barley from Jutland " . o1 o197k = b
o g e T Tano between observed and predJCted Barley from the Islands 3 Nl PCLCs-137 kg = 270

Sr-90 levels in 1971 was 1.1 sJ-'o. 05 (1 SE), and from table C2 it appears
that the corresponding ratio for Cs-137 was 0, 99.:0. 05. Thus we may con-
clude that the prediction models for Cs-1 37 have yielded acceptable esti-
mates for 1971, while the Sr-90 models, contrary to the two previous years
have this year overestimated the levels.

Wheat from Jutland R e pCi Cs-13T/ky =

Wheat from the Islands it =9 pCi Cs-13T/kg = 1%

Qats from Jutland pCi Cs-13T/ky = <3
’ Gats from the Iskuds pCL Cs-107/ky

The diserepancy has been es- Potatoes from Jutland - ' PUL Cs=137 kg =
pecially evident for the Sr-90 levels in grain.

Potatoes from the Islands | 10 pCL Cu-13T/ky = o7

Table C1

Beef 20 [ pCi Cs-13T/ky = =1 Fled
A comparison between observed and predicted Sr-90 levels Pork 92 20 pCi Cs-137/ky = Pt -.
in the human food chain in Denmark in 1971 Total diet from Jutland 38 W Ci Cs-137/day = .;.‘.,J-J NEEH
Sample and location seg;d d‘;zfe'd Equation used for the prediction Total diet from the Islands | 27 23 pCi Cs-137/day = 7-7d. o«
Whole body from 13 17 pCi Cs-137/g K = lhfll‘L .

Milk from Jutland 8.6 8.6 S.U. = 1.0‘»d(i) + 0.h7d(i_1) + °‘26Aby(i_1) the Tslands — —

Miik from the Islands 5.2 4.8 S.U. = O.’?Bd(i) + O'Wd(i—l) + °'1a“by(i-1) The prediction models were for milk caleulated from data collected (1 1)1:1\- 70),for grain

Rye from Jutland 187 155 S-U. = 20 oy v 2068, (o) (1962-71), for potatoes (1963-71), for meat, total diet and whulvibudy a 9’13;70)-

Rye from the Islands 2 69 S.U. = 156d(1-a) + 1'2°Ahy(i-1) (m-a) is May-August and the fall-out rates are measured in mCi Sr-50/kmn

Barley from Jutland 134 135 S.U. = 16105 oy ¢ 230,y {cf. also remarks to table C 1)

Barley from the Islands 57 52 5.U, = 9“(_1-3) + l'zuby(i-l)

whe;n from Jutland 163 152 S.U. = l%d(j_a) 4 3.1hAhy(i_1)

Wheat from the Islands ] 8 S:U. = 13620 Ly v 2208 0 ) ACKNOWLEDGEMENTS

Oa's from Jutland 115 76 8.0. = 7°d(,j-a) + 1.60Aby(i_1)

Oats from the Islands » 3% S-U. = 5680, ) ¥ 0uBA 1y The authors wish to thank Miss Anna Holm Pedersen, Miss Annc Gar-
Potatoes from Jutland 4.0 { 27 | pCiSr-90/kg = 013y + 0Ll (1) field Mortensen, Miss Karen Nielsen, Mrs. Jytte Lene Clausen, Mrs,
Potatoes from the Islands | 3.0 2.8 ( pCi Sr-90/kg = 0,184,y + 00624y 4 1) Agnethe Christiansen, Mrs, Anna Madsen, Mrs, Laila Leth, and Mrs,

Total diet from Jutland 8.4 97 |8.U.® 0.8, + 1264, 54+ 0u25hyy (5 1y Else Sgrensen for their conscientious performance of the analyses, and
Total diet from the Islands | 6,5 | 6.5 |s.u, = 084y + L2y 1+ 0.2k s ) Mr. Peder Kristiangen and Mr. Hans Hansen for collection of the samples
Newborne' bone 11 1.1 8. U= o.16udw + 00174y o)+ 0.0374y (11 and performance of the Y-background measurements, )
Adults® vertebrae 1.6 1.3 |s.u.-= °'°21di.ji-1) +0.050, o)+ 04056y 4 1) Our special thanks are directed to th:: staffs of the‘ eleveZeSf::e c::::::;:

he prediction models were caleulated from data col AE 70 (for grain 1962-71) mental farms at Tylstrup, @dum, Studsgird, Askov, St",J_yn vac " o in
: in :w fall-out rate in mCi Sr-80/km? (table 4.1.1). A is tho elﬂmat::, g.v.n.ble stedgdrd, Tystofte, Ledreborg, Virumgird, Abed, .and Aklrketfy, wo :s N

ious years have supplied a number of the most imporiant sarples dea

accumulated fall-out in mCi Sr-90/k.mz calculated for an effective half-life of Sr-80 previous y
in the aoil of 4 years, with in this report.
(1) is the current year, (i-1) the year before etc. (j-a) is July-August,
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