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Abstract

The present report deals with the measurement of fall-out radioactivi-
ty in Denmark in 1969. Sr-90 was determined in samples from all over the
country of precipitation, soil, ground water, sea water, grass, dried milk,
fresh milk, grain, bread, potatoes, vegetables, fruit, total diet, drinking

water, andhumanbone, FurthermoreSr-30 was det: ined in local 1
of air, rain water, grass, sea plants, fish, meat, and human milk, Cs-137
was determined in milk, grain products, potatoes, vegetables, fruit, total

diet, meat, and human milk samples, and Cs-137 was measured by whole-
body counting in persons from a control group at Risd., Estimates of the
mean of radi i and radi ium in the human diet in Deai~
mark in 1969 are given., The Y-background was measured regularly at lo-
cations around Ris®, at ten of the State experimental farms and in an area in
Zealand, one in Jutland where future nuclear power plants might be located
and along the shores of the Great Belt. Finally the report includes, as pre-
viously, regular surveys of environmental samples from the Rist area,
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ABBREVIATIONS AND UNITS

Fission products Sarmaples:
picocurie, IO"2 Ci, upCi H: sea water
nenocurie, 10°° Ci, muCi J: sail
millicurie, 107" Ci L: air
maximum permissible concextration B: bed soil
counts per minute A eel .
disintegrations per minute PG: grass
counts per hour PH: sea plants
micro-roentgen, ‘IO-6 roentgen D: drain water
pCi Sr-90/g Ca. S: waste water
observed ratio R: precipitation
pCi Ce-137/g K. M: milk
vertebrae

male

female -

natural (stable) Sr
equivalents g uranium: activity as from 1 ug U(~90 d/h)
equivalents mg KCL: activity as from 1 mg KC1 (~0, 88 d/min)

N L

standard deviation: =
B=z-x,)2
tandard error: n(n-xrif

upper control level

lower control level

one standard deviation due to counting

sum of squares of deviation: !:(x-xl)2

degrees of freedom

the variance

the ratio betwsen the variance in question and the
residual variance

probability fractile of the distribution in question
coetficient. of variation ’



1. INTRODUCTION

1.1,

The present report is the thirteenth of a series of periodical reports
(cf. ref. 1) dealing with ts of radioactivity in Denmark,

‘The programme is nearly hanged as pared with 1968. Drinking
water and sea water were collected only in June. Virumglrd was in the
grain and potato sampling replaced by Ledreborg. In the dried-milk pro-
gramme Kalundborg was replaced by Ringsted, and i d of dried milk
from Nakskov fresh milk was sampled from three dairies on Lolland, Fal-
ster and Mdn.

1.2,

The methods of radiochemical analysis®~%) and the statistical treat-
ment of the results‘r') are still based on the principles established in previous
1
reports

1.3. -

The report does not include detailed tabies of the total p measurements
from the envirommental control of the Risd site, These tables are available
in the form of microcards at the library of the Danieh Atomic Energy Com-
mission at Ris®.

1.4,

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

1.5,

In 1“9 the perlcn.nd of t.hn EQWI Captrol 8ection of the Healih

Phylic'bwﬁnmtqoaﬂm#@' Eropipt, e laboratory tciaialens,
memforpu@;ﬁ; okl (wn%m AR by
Flwﬁom‘f_,w TR i e, of (e SRR AT -

;mu, }'mtlh?lnth. Hpcw o e e i 2 TT SO 75



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

Only minor alterations have taken place in the sample collection, pre-
paration, analysis, and conm:ingI » 6-8) as compared with the previous years.

5. RISO ENVIRONMENTAL MONITORING IN 1969

3.1. Gross B activity

3,1.1. Sea Water

Fig. 3.1.1.1 shows the sample locations in Roskilde Fjord. Fig.
3,1,1,2 shows the control chart for HI. The yearly mean for HI in 1969
was 53 eqv. mg KC1/2.5 g (in 1968: 57), for H III-V1: 52 eqv. mg KC1/2.5 g
{in 1968: 57) and for H VII-X: 53 eqv. mg KC1/2.5 g (in 1968: 56). Fig.

3.1.1.3 shows the mean levels of radioactivity in sea salt since 1957,

Loy
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Fig. 3,1.1,2. Control chart tor HI, 1969,

eqv. mg KCl/25g salt

45081 626
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Fig, 5.1.1,8. Mean radioactivity in soa water, 1957-89,

3.1.2, Soil

Figs. 3.1.2.1 and 3,1.2,2 \Lhe colour.d map) ehow ﬁm eample loca-

Tba geﬂrl) for J 1 1
1!3&8:f38§ i ml »r%eg
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days was tfﬁﬁw f.or . ty A o
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of the soil activity deia‘rmhamw% it MR
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Fig. 3.1.2.1. The Risd Research Establishmmst,

eqv. mgKC1/30g soil

g8 3

n el IRy
Fig 3,1.1,3. Mean radlogetivity to #oil, 1967-68, . .
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3.1.3. Air

Fig. 3.1.3.1 shows the diagram for FP activity in air samples in 1969,
The mean value for the year was 0. 27 eqv. mg KCl/ms as compared with
0.20 egv. mg KCl/m® in 1968.

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

-
eqv. mg KCU/m®
10{"
as w
a2 200
ar 100
0051 as0
002 020
an o
Qao05
0024
ol S ——
JEMA'MII'A'SON'D JFMAMJI TASOND
' Fig. 5.1.9,1. Coatrol chart for LF, 1968, ’ '
; Leg 8 . e
'cun'm/,,‘i a
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3.1.4. Bed Soil from the Fjord

The mean activity in bed soil B I was 136 eqv. mg KC1/3.0 g ash in
1969 as compared with 151 eqv. mg KC1/3.0 g in 1968. Fig. 3.1.4.1 shows
the mean levels for B I since 1957.

00] emmgiIfyy g o0n,
=0
20
150
00
50
AL LI Iy y -
8
Fig- 8.1.4.1. Mean redioactivity in bed soll, 1957-89,

3.1.5. Fish
No figsh samples from Roskilde Fjord were measured in 1969,
3.1.6. Grass

The mean values were in 1969 for PG I: 23 eqv. mg KC1/0.1 g grass
ash (in 1968: 28), for PG II-1II: 22 eqv. mg KC1/0,1 g (in 1968: 20) and for
PG IV-V: 21 eqv, mg KC1/0.1 g (in 1968: 22). Fig. 3.1.6,1 shows the
mean activities in grass ash since 1957,

The analysis of variance revealed no significant variations between
locations. The variation between days was highly significant (P ) 99, 95%).
The reaidual error of the grass determinations was approx. 22%.

eqv.mg KC1/Q1g ash
m -

PRINEO ROLBINONN TU4Y
PG 1 IR -
Fie 3doAd. Myen TR Telpativior in greee ask, 106769,

TRV ROKNUC NN
PG X-Y
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3.1.7. Sea Plants

The mean FP level in 1969 in Fucus vesicologus (PH I) was 1 eqv. mg
KC1/0,1 g ash (2.5 in 1968), and in Zostera marina (PH III and PH IX) we
found 0 egv. mg KC1/0.1 g ash (5 in 1968). Fig. 3.1.7.1 shows the mean
FP radioactivity levels in sea plants since 1958,

- eqemg KC1/01g ash

40

- "l|||| L. ||||||||...

VBN ROUGEHONS BRIV QSEESETSN
Fucus vesicolosus Zostera marina
Pig. 0.1.7.1, Mean FP-radicictivity in sea plants, 1958-68,

3.1.8, Fresh Water

Fig. 3.1.8.1 contains the control cherta for S (cf. fig. 3.1.2,2). The
yearly means for D1, D II, DIV, and S in 1969 were 61 eqv. mg KC1/1
(1968: 38), 25 eqv. mg KC1/1 (1968: 33), 33 eqv. mg KC1/I (1968: 32), and
56 eqv. mg KC1/1 (1968: 35) respectively. Fig. 3.1.8.2 shows the activity
in drainage water (D) and sewage water (S). The surplus activity in sewage
water was due to minor ts of 5-35 rel d in Sept, -Oct, from the
Waste Treatment Station (cf. fig. 3,1.8.1).

500 eqv mg KCI/i

o

ITPMAMI 3  ARe AD

Fig. 31,071, Coentrel o for & 1000 Gh .
¢ R
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Fig. 3.1.8.2. Mean radioactivity in fresh water, 1958-69,

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 Ris® in 1969. The total fall-out
in 1969 was measured at 0, 053 * 106 eqv, mg KCllmz, and the annual mean
concentration in rain water at Riad was 134 eqv. mg KC1/1. In 1968 the
correaponding figures were 0.048 - 106 and 134 respectively.

Fig. 3.1.9.3 shows the specific activity in rain water since 19857.

sqv.mg KCU/¢

C g e g
- ~ gl S
S w7 b SE AT

R . SE LT g S R I |
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3.2. Radiochemicsal p Analysis

3.2.1. Air

Table 3. 2.1 shows the Sr-90 and Sr-89 levels in air collected at Risd
in 1969, Two collections were made, one with the daily air sampler fur-
nished with paper filters {cf. 3.1.1) and one with the half-weekly air sam-
pler furnished with glags-fibre filters (cf. 3.3).

The mean activity level for 1969 found from the iwo collections was
1.4% 0.2 pCi 5r-90/10°m>, i.e. equal to the level in 1968, The mean peak
activity of the two collections in 1969 was measured in July-August to be
2.3 pCi Sr-90/10%m>. 5r-89 from the Chinese tests was detectable through-
out the year.

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

Table 8.2.1

Sr-50 (and Sr-89) in air collected at Risd in 1969, pCi 5r-90/10°m’

B,
Jan. 0.8%5 0.81 2.5
Feb 1.23 1.02 0.3
Mar, 1.22 1.86 ’ 2.0
Apr. 0,78 1,15 1.6
May 0.91 1.45 5.6
June 1.55 2,84 6.7
Ty 1.39 2,98 3.8
Ang, 2.72 3.59 2.1

1.27 2.03 3.4
Oct. 0.88 1.12 2.6
Nov, 0.37 0.81 0.8
Dee. 0.58 vb.s? 1.8
1969 1.13 1.59 -

P




[}

. 1:200000
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901 pCi Sr-90/10°
]
7
60

40

30

412361234 123 1234 1234 1234 1234 1234 12341232 1234 1234
1957 1958 1958 1960 1961 192 1963 19CS 1965 1966 1967 1968 1969

Fig. 3.2.1.1. Sr-% inair, 1957-69.

3.2.2. Grass

Table 3. 2. 2 shows the Sr-90 content in grass ash from Zealand in 1969,
The mean Sr-90 activity was 3, 2 pCi Sr-90/g ash or 54 S.U. as compared
with 4.1 pCi/g ash or 72 S, U. in 1968, i.e, the 1969 level was three fourths
of the 1968 level. Fig. 3.2.2.1 shows the Sr-90 levels in grass since 1957.

Table 3.2.2

Sr-90 in grass from Zesland, 1969

Moath pC1L Sr-80/g ash | pCi Sr-%0/g Ca
Jan, - Mar. 5.80 L"0.42 mte

Apr - June 2.64 X 0,50 57210
July - Sep, 471 % o359 s52a

Oct. - Dee, 2.07 28

1969 3.20 54

‘The error term is the 8. E. of doubls determinations
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401 pCi Sr-80/g ash

301

20+

NS~ @

..|||u|||||lluul ||| | ||||||l||

234123412341234123£12341234123412341134123412341234
1957 1958 1959 1960 W61 1962 1963 1984 1965 1966 1967 1968 1969

Fig. 3.2,2.1, Sr-90 in grass ash, 1957-68.

3.2.3. Sea Plants

Table 3, 2, 3 shows the Sr-90 content in sea plants collected from Ros-
kilde Fjord in 1969.

The level in Fucus vesicolosus was 5 5. U. in 1969 as compared with

Sr-90 in sea plants from Roskilde Fjord, 18669

Sunplng | Location Spectes bl 5r-00/g Ca | pCi Sr-80/g ash
Fucus + + "
1 B losus n1ts 0.9620.05
Jan, -June m Zontera maring 1.7 o1
x L 2.35% 018 0.17%0.04
Fucus
1 T loaus .8 0.18
July-Sep, m Zostars marinaf 2.3% 0,8 0.18 %002
x P 3.8 0,22
1969 vesicolosus 4.9 0.58
: MadIX | ~Zosters marizal 2.5 - 0.16
The error term is the 8, B, dmw-ndmnnﬂh'unldc&
within two months of each other,
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3,2.4. Rain Water

Table 3. 2.4.1 shows the radiostrontium level in rain water collected at
Risd in 1969. The total Sr-90 fall-out in 1969 was 0. 82 mCi S!'-S(I/km2
(429 mm precipitation), and the mean concentration in the rain water was
1.9 pCi Sr-90/1. In 1968 we measured 0,99 mCi Sr-solkmz (552 mm pre-
cipitation) and 1. 8 pCi Sr-90/1, i. e, the 1969 levels were nearly equal to
those of 1968.

Fig. 3.2.4.1 shows the Sr-90 levels in rain water since 1959,

At five sampling locations (1-5) in zone I (cf. fig. 3.1.2.1) ion-exchange
columns collected monthly samples of precipitation along with the bottle col-
lectors. The columns have been described earlier (Risd Report No. 41 1 ))
and are similar to those used in the U.S. A. by HASL‘”. The purpose of this
collection is to compare the efficiency of the ion-exchange columns with that
of rain bottles as collectors of fall-out. Table 3. 2.4.2 shows the results.

Table 3. 2,4, 3 shows Sr-90 determined in monthly samples of rain water
collected daily in the 1 m2 rain collector (R) (cf. fig. 3.1,2.1) at Ried. The

pCi Sr-80/1 -

"’I‘I il :

. 2341234 12341304 1234 123032344234
PO W0 WO N2 WG WM W6E W6 067 W 1909

Mg 13,41, Br-90 in precipitation, 1960-09, ;




21

Tsble 3.2.4.1
5r-90 in mopthly samples of rain water collected in rain bottles
at RiaD 1n 1969 (swmpling area 1232 om?)

Month mm pCi8r-90f1 | mCiSr-90/kn?
Jon, 29 1.06 0.031
Feb 17 0.95 0.016
Mar. 5 1.00 0.006
Apr. 38 1.9 0.041
May 57 3.5 0.289
June “ 4.61 0.203
July 21 3.65 0.017
Aug. 72 2,15 0.155
Sep. 25 0.99 0.025
Oct. 26 0.73 0.026
Nov. 75 0.55 . 0.0
Dec. 9 0.98 0.009
1969 E 429 Is 1.91 £ 0.82

1. nmg:!q,:;'- 10° i

Tadle 3.2,4.2
Sr-90 in monthly samples of rain water collected in ion-exchange
column collectors at Ris0 in 1989 (sampling srea 3430 cm?)

Moath mm pCLSr-00/1 | mCI Br-80/kem?
Jan, 26 1.68 0.044
Feb. 22 1.45 0.052

+ | 360 0.014
4 2,27 0.107
69 v LS . 0.23%0
45 613 0.276
18 . eone
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Teble 3.2.4.3

$r-90 in manthly samples of rain water collected daily

in a 1 m? collector at Risd in 1969
Month 'mm pCi8r-90/1 | mCi Sr-90/km?

Jan. 52 6.65 0.213

Feb. 21 1.34 0,029

Mar. 2 4.52 0.021

Apr. 3 1.88 0.064

May 50 3.5> 0.180

June 2 1.19 0.049

July 13 0.52 0.007

Ang, 63 3.31 0.199

Sep. 16 1.52 0.027

Oet. 8 0.58 0.005

Nov. 105 0.59 _ 0.062

Dec. 9 1.50 0.013

1969, £394 I: 2.18 £ 0.86

is of variance of mm p tion at Risd in 1969
(from tables 8.2.4.1 - 3,3,4.3)

Varigtion ssp t o2 2 P
Betw, samplers | 269.49 | 2| 134.74| 2.03 -
Betw. manths 22226 | 11 |2020.54 | 30.51° | >99.95%
Remainder 1456.84 | 22 | 66,22

2= 0.23 N
Table 3.3.4.5

Analysig of variance of In pCi Sr-90/1 precipitation collscted at Risd

in 1980 {from tables 3.3.4.1 - 3.3.4.3)

Varistin | s | t] & | ¥ »
Buv. -m " 0.5108 2. q-nﬁ ;.wo H .
Betw, months 12.2%69 11 1.1124 | 3.04 >97.5%
Remainder 8,0602 22 0.3664
= 0i66




Months pC1 8r-50/g Ca | pC1 Co-137/g K |pcica-isrp1
Jum. - Mar. 2,96 3,86 6464
Apr. - June 6,97 6.46 10,59
July - Sep. 5.45 861 | 1378
— .
_Ost, -Dea. 5,01 R
g3, - 0 | mia0 LT B

Analysis of variance of In mCi Sr-80/km” from precipitation at Riso
in 1969 (from tables 3.2.4.1 - 3.2.4.3)

Variadon SSD 4 o2 v P

Betw. samplers 1.0164 2 0.50821 1.13 -

Betw. months 37.6861 | 11 34260 | 7.60 | >99.95%

Remainder 9.9112 | 22 004505 - -
R = 0.75
monthly samples were subjected to ion exch in the laboratory on &

column similar to those used in the field sampling described above, and
analysed for Sr-90,

Precipitation was further collected at eight stations located in the
meteorological mast at Risd (cf, 8.1). Thus we have four sampling systems
for precipitation covering the Risb area: 1: the 1 :rl:l2 collector (table
3.3.4.3); 2: the eight rain bottles at ground level (table 3, 2,4.1); 3: the
five ion-exchange collectors (table 3. 2, 4.2), and 4: the eight rain bottles
in the meteorological mast {table 8.1.1), Tables 3.2.4,4 - 3.2, 4., 6 show
the analysis of variance of the three first-mentioned systems (a similar
analysis was carried out in the previous years).

3.2.5. Milk from a farm near Risd

Table 3. 2.5 shows the radiostrontium and caesium-137 contents in
milk collected in 1969 from a farm near Risd, The mean level was 5.1

Table 3.2.5

Sr-80 and Ce-137 in milk fram Risb" in 1969

findrratadas . ke st -

F

POAC R S
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104

24

pCi Sr-90/g Ca
341254 123412340123411234712347 1234 1234 123471234
1959 1960 1961 1962 163 1964 165 1966 W67 1968 196

Fig. 3.2.5. S5r-% in milk from Risd neighbourhood.

S.U, as compared with 5.8 S.U, in 1968, Fig. 3. 2.5 shows the Sr-90
levels in "Risd' milk since 1959. The caesium-137 levels were nearly
equal to the levels found in 1968 (and 1967),

3.3, Y Spectroscopy of Air Samples

As in 1962-68, half-weekly samples of air were collected by means of
the air sampler described in Ris Report No, 23'). Parts of the half-
weekly filters were hulked into half. thly ples and ed on a
30 cm3 Ge(Ld) detectors"."!)‘nble 3, 3.1 shows the results. The paak value
was observed in the first half of August {cf. also Sr-80 in air, table 8,2.1).
The mean level in 1869 was nesrly equal to the 1968 mean (2. 38 pCi Cs-137/
10°m”), : -
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Table 3.3.1
Cs-131 in glass-fibre air filters collected twice & week at Risd in1968
* pCiCa-13710%0°
Month pCi/10%m®
Ja 1.35%0.05
Feb. 1.51%.03
Mar. 2.18%.16
Apr. . " 2.08%.06
May 2.22%.70
Jme 4.76%0.5¢6
Tuly 3.97%0.59
Aug. 5.56%1,94"
Sep. 1.70%0.05
Oct. 1.26%4.05
Nov. 1.23%0.10
Dec. 0.97%,22
1969 2.45
The error term is the 8. E. of the mean of the activity found in
fhe firt and the sacond half of the month_
® First half of August: 7. 80 pCi/109m>

4. RADIOSTRONTIUM IN PRECIPITATION, SOIL AND GROUND WATER
IN DENMARK IN 1969
4.1. Precipitation el .

Samples of rain water were collected fn 1969 from the ten State experi-
mental tarms. (cf, fig. 4.1,1) in accordance with the principles laid down in
Ris® Beport No, 63, p. 51'),

Table 4.1.1 shows the results of the Sr-90-determinationswid DO~ |

a1, 2 und 423 the analysis-of vadi "‘LMW—J
time was highly significant (P ) 0f95%). The matmisse ppecific sefivity
occurred in July- August, when the mean contint in mma "
pCi 8r-90/1 (cf. also the air measurements in 3.2, 1 and 3.3). The ?nnm

.
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Tablad.11

Sr-00 fall-put in Demmark In 1969

Period untt | ryistrup ’M"""' vtum |askov (LI | Bl |1 yne ey | Men
pe1/2 159 | 146 | 28 Jaso | 139 | 2.0 | 1.6 | 2.22Jom | 2.6 | 1use
Jan. - Feb.
wct/en? | o.u48] 0.220) 0,003 0.321] o.090f o0.067 | o.079| o.07a|0.0ad 0.073] 0.092
pe1/1 aa | 205 [2us2fas0] sier | auss | aear | sz faaz] eer | 253
Mer, - Apr. 2
lll.'llll 0.232{ 0,124} 0.135| 9.087 0.132] 0.075 0.070 0.057]0.076 0.217] ©.120
pe1/1 3009 | 546 |24 520 | suse ] 2052 | 3ua6 | 287 )20 ] 532 ] 330
May - June 2
=Ci/rn’ 0.400] 0.423| 0.216} 0.485 0.499 a9.298 0.314 0.325] 0.219 0.212] 0.338
perfy 6,56 2.86 4.4) | 4.67 2.6 3.%0 492 3.09 | 2.35 2.8 .12
- v lCl/kIz 0.413] 0.324] 0.329 0.336 0.151 0.104 0.27% 0.285}0.190f 0.312] 2.276
lcl/l 4.01 3.91 3.04 | 2.36 1.30 1.26 4.54 2.36 [1.93 2.14 2.75%
Sep. - Oct
aci/ka?{ 0.260| 0.069f 0.058]0.109] o©.122] 0.097| o0.062] o.103f0.042] 0.218] 0.104
»o1/1 0.95 | 0.65 | 0.92 Jo.80 | 074 | 0.8 | o0.65 | o.66 |ouss | 2.3 | .76
Nov. - D
e -cl/k-z 0.131] 0.146} 0.107]0.174 0.129 0.060 0.055% 0,064} 0,07 0.115] 0.10%
" wi/t 5| 297 | 194 | 227|226 | 2 | 18 | 2.50 | 2.66 138 ] 2m | 25
1968
wC1/kn’g  1.584} 1.206] 0.938}1.322] 1.163] o0.%o1 ] o.e53] o.906J0.634] 1.053} 1.035
oT T =T
521 621 413 so8 551 a5 Ja 4“3 458 3688 482

Analysis of varisnce of In pCi Sr-80/1 precipittion in 1908

(rom table 4.1.1)
Variatica 5D 1 o? v P
] Betw, locations 3.7010 9 § c.a113 3.03 > 99,9%
Betw, months 17.6210 5 | 35242 } 3.4 > 99.95%
Remainder 3.6746 45 | o.0817
§ = .29
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fall-out rate was found in May-June, the mean fall-out rate in that period
being 0. 3¢ mCi Sr-90/kmz. Tables 4.1.2 and 4.1. 3 show that the variation
between locations was highly significant. The specific activity for 1969 was
2. 97 pCi Sr-90/1 at Tylstrup, while only 1,38 pCi Sr-90/1 was measured at
Abed. The 1969 mean levels for ten State experimental farms were 1. 04

mCi Sr-90/ ken? and 2.15 pCi Sr-90/1. In Appendix A the country mesan level
{area weighted) is estimated to be 1.4 mCi Sr—Do/km2 lor a mean precipita-
tion amount of 600 mm (area weighted), i. e. equal to the fall-out rate in 1968,

As in 1966-68 precipitation samples were collected with an ion-exchange
collector at Abed {cf. also 3.2,4). The specific activity was i. £ pCi Sr-90/1,
i.e. higher than in table 4.1.1, and it is further evident, as also observed
in 1966-68, that the total deposition in the ion-exchange collector is approx,
1.4 times as large as that in the rain bottles.

The Sr-89/5r-90 ratios at the ten stations are shown in table 4.1.4. By
the end of the year fresh fall-out began to appear, probably from the Chinese
test explosion in September 1969,

Tehle 4.1.4

Sr-89/5r-90 in fall-owt collected in 1969 _

Period Tyistrop | Smdeghrd |dum | Askov | St Jyu- | Biang- | Tysiote] Virum-| abea] Axirke] Mean
] dovad | stedghra gird by

Jan. -Feb. Y

Mar, -Apr. 6.6 (X 29 | as | ise .5 2.6 a3 | s6] 61 jusho
May-June e.3 (R 74 | 11 [X] 7.1 70 {vs | vo]| a8 Jrates
July-Aug. .1 5.4 21 | 52 (%] s a2 |53 | a3} 51 |estes
Sep. -Oct. 0.2 0.3 ° e ° 12 ° 0.1 o} or Jost:
ov, -Dec. 0.3 os o9 |as | oz [ X 1.4 Jos |os| 2 Jostes
The error term is the 8. E. of the maan

4.3.1

Tylatrap | Stutegira Poe®®) | Askov |5t Jyndevad

mC1ar-s0/km® | 5322 | ety 40ty 5021 | 70ts

pcisrsofiy [229%2 sl 15 £ 1921 |220t0

All detorminetions were triple, excopt ™ whish weve double
and ¥ which was single. The error term is the 5. K. of the mean

e et v -
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A comparison between the amounts of precipitation found in the rain
gauges used by the Danish Meteorological Institute and the amounts collected
in our rain bottles at the same locations showed that in 1969 our bottles col-
lected only 85 per cent of the amount measured in the rain gauges. The dif-
ference between the two systems was most pronounced during the winter
manths of January and February, where the percentage was ocly 68.

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

4.2. Soil

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

Table 4. 2,1 shows the results from ten State experimental farms. The
mean value in September 1969 was 50 mC1 Sr-90/km?, This is somewhat
lower than the 139568 value,

8r-00 in sail collegted at the siate farms ia o 1969

23 ) e s s = |

at; i) e1t1 |0t “ 50 §12]4

16t 10%s | 10628 fozatoo] 1260 Izoc 64 |21

T P P
crvaet; Aelneid

AN S TEI
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704 mCi Sr90/ km?

40 ¢
30 ¢

201 ¢

1961 1952 1963 1964 1965 1966 1967 1968 1969
Fig. 4.2. Accumulated Sr-90 fall-out in Danish sofl, 1861-89 (1 S.E. indicated).

Tuble 4.2.2

Sr-90 in soll collectad in Zealand in September 1869

Roskilde | Ledre- | Eremi-
Bisd | “potled borg ngen l(-n 8,.D. | 8. E.

mCisr-90fkm 44s1 | 9002 | 99a2 | s2e2 {46 |5 |35

PO Sr-00/kg {23526 | 166s5 |122836 | 22056 [290 |43 |25

Cf, remarks to table 4.2.1

Table 4.2, 2 shows the Sr-90 levels at five soil locations in Zealand,
mainly in the neighbourhood of Risd. The levels were also in this cage
lower than the 1968 values,

4.3. Ground Water

As in previous years, ground water was collected in March from the
nine locations selected by L.J. Andersen, M.Sc., Geological Survey of
Denmark, in 1961,

Fig. 4.3 shaws the sample locations and table 4, 3.1 the results of the
8r-90 analyses {cf. also 5.8.4).

The median level of Sr-90 in 1969 was a lttle higher than in 1967 and
1968, but hardly significantly different from. these levels, The highest .
level is still found at Feldbak. Fig. 4.3, 2 shows the median lgvele in
Danish ground water since 188}, It is evident that a .asaximum occurred in
1964-.66, undoubtedly as a result of the 1961 -62 test series.
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Tahle &:9.1

Sr-90 in ground water collected in March 1969

Location PCi 8r-90/1 pCi 8r-90/g Ca | g Cajl
Hvidsten 0.0049 0.066 0.075
Feldbak 0.38 17.2 0.022
Repmg 0.011 0.52 . 035
Renne 0.039 2.28 2. 017
Hassels 0.0076 0,049 0.156
Firetofte 0.0043 0,034 0.125
Kalundborg 0.017 0.171 0.100
Ravnholt 0.022 0.172 0.128
Fredericia 0.042 0.50 0,084
Mean 0.05% - 0,082
Median 0.017 0.17 0.084
pCi Sr-80/t
004
o
003 °
]
002 °
a
o
o
00 °
61 62 63 64 65 66 67 68 69

Fig. 4.3.2. Median levels in Danish ground water, 1961-69.
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5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1969
5.1. 5r-90 and Cs-137 in Dried Milk from the Entire Country

As in the previous years, monthly samples of dried milk were collected
from seven locations in Denmark (cf, fig. 5.1.1) and analysed for Sr-90 and
Cs-131.
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Tahle 8.1.1

PpCi Sr-90/g Ca in Danish dried milk in 1968

Mouth | Hjerring | Arhus | Videbak | Avenri | Odense Ringuted | Lolioml-Faister | ypeen
Jan. 9.9%.1 | 9.8%2.4 | 9.9%.6 [ 10.3%.2 | 6.6%.5 | .20 4.0%0. 7.9
Feb. B.6 1.0 u.e 10.0 6.2 5.2 5.0 7.7
Mar. 10.2 9.8 V8 n.a 6.1 5.1 4.3 a.7
Apr. 9.7 8.9 11.8 9.8 1.2 6.3 4.7 0.3
May 8.4 9.6 1.4 10.8 7.9 5.2 6.0 8.5
June 7.2 [ 1. 9.0 7.6 3.4 6.9 7.7
Joly 6.7 6.7 9.4 8.5 5.6 41 4.3 6.5
Aug. 9.7 T.4 [N {8.5) 4.6 [N 4.1 6.8
Sep. 5.8 5.4 9.2 (7.4) 5.4 3.7 3.7 5.8
ot 6.9 5.6 8.2 (6.9) 3.7 3.0 4.1 5.5
Nov. 8.6 &5 10.6 (8.4) 3.7 4.9 4.5 6.7
Dec. 8.1 6.7 9.6 (a.6) W} 5.6 2.2 6.7
Mean 8.3 1.7 10.5 (9.1) 5.8 47 4.6 7.2

Figures in brackets were calculated by VAR S' /. The error term is the 8. E. of the mean, As | litre of milk comtains
1.2gCa, the meun §r-90 content in Danish milk produced in 1969 was 8. 6 pCi/L

TableS.1.2

Analysis of variance of In pCi Sr-90/g Ca in dried milk in 7969
{from table 5.1.1)

Variation SSD t e v P

Betw. locations |8.1451 6 | 1.3575] 60.87 | >99.95%

Betw. months 1.5711 | 11 | oc.2428| 6.40| >99.95%

Locations xmonthe { 1.3588 61 0.0223 .78 -
Remainder 0.1930 7 0.0204
3 = 0,17

: Table 5.1.1 shows the results of the Sr-90 determinations and table

&: 5.1.2 the analysis of variance of the results, The maximum of {he year was
- reached by 8.7 8 V. in Margh-April, -The S. U, mean level in 1969 was 7. 2

{ - pCiSr:80/g Ca or approx. 85% of the 1968 mean,

[ /As in the previous years,  the milk from m D rk shows signif-

“
1

X icanﬂy Tower levels than that from Jutland.

| . .-
NS,
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40+ pCi Sr-90/g Ca
204
20
104
8
6
i
mnimn |||||‘ II"“l""" Il
1234123471234 1234 1 234112341234712347123471234"
1959 1960 1961 1962 1964 1965 1966 1967 1968 1969
Fig. 5.1.2. Sr-50 in dried milk, 1958-69,
Tuwble 5.1.3
PCi C3-187/g K in Danish dried milk in 1969
Month | Bjerring | Artus | Videbwk | Abenrd | Odemse Ringuted uu.nd-:r-uur Mewn
Jan, 19.8 6.4 27,6 9.6 5.9 4.6 5.3 12.7
Feb. 8.7 9.5 9.5 14.0 57 !.‘! T.4 8.3
Mar, 8.3 8.3 5.4 10.6 10,3 4“3 4.3. 7.9
Apr, 9.3 7.0 10.8 10,0 . 7.0 5.9 4.1 T.7
May 10.1 75 12.0 12,97 11,6 Tu0 45 9.4
June 16.0 10.7 16.7 » 13.8 10.2 8.0 5.1 11,5
July 17.9 12.3 19.3 25.0 I'I.O 6.4 12,6 15.2
© Aug. 18,5 17.8 21,4 (:;.;); 8.2 4.6 a7 12,5
Bey. 12.4 13.6 18.2 (13.4) 7.8 5.5 © 8.0 | 10,8
Oct. 1104 6.8 7.9 (7.8) 3.7 2.8 3.9
Nov. 6.4 5.4 5.6 (1.9) 5.8 309 Lz
- Des. 1y o1 | st TOUT SR S ST RN NI 7 e B B
Mo coake? | aee 34,9 [ o, : 9.7
e e A eoaatan sy 'u--n‘ mmuwmmma
. ) e

e




Table 5:1.4

Analysis of variance of In M. U. in Danish d-ied milk in 1969
{from table 5.1.3)

Variation 5SD 1 o2 v P

Betw. locations 120.1764 & [20.0294 | 28.29 | >99.95%

Betw. months 58.2076 | 11 5.2916 | 7.47 | >99.95%
Remainder 43.1874 | 61 0.7060
5 = 1,03

Table 5.1.3 shows the results of the Cs-137 determinations and table
5.1.4 the analysis of variance of the results. As in the previous years, the
maximum level of Cs-137 (15.2 M. U., approx. two thirds of the maximum
of 1968) was found in milk from the summer (July). The M. U. mean level
in 1969 was 9.7 pCi Cs-137/g K or 85% of the Cs-137 mean content found in
1968,

Figs. 5.1.2 and 5.1.3 show the quarterly S.U. and M. U. values since
October-December 1959 {(cf. also Appendix C).

1504 pCi Cs-137/gK
1004
50
» .
30
20
10
: ! ! " 3 2 11K l||I|.I||||I..
34 1234 1234 1234 123412341234
1959 iﬂ) ‘861 984 1965 1966 067 1968 Y

Pig, 5.1.3, Cs-137 in dried milk, 1958-8,

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 in previous years (cf. figs. 5.2.1 and 5, 2, 2) in connection
i~ -with the bread and total-diet collection (cf. 5.7).
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Fig. 5.3.2, Bample locations for fresk milk, bread and total diet (B-towns),
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Tuble 8.3.1
Sr-b0 and Ce-137 in fresh milk in 1968

June Dacember
Zone PCi Sr-90/g Ca § pCi Co-137/g K § pCi Cs-137/1| pCt Sr-20/g Ca pCi Cs-137/g K | pcs Ca-1332
I: N Jutland 1.6 2 01 12.6 20.6 [ 5.4 8,7
o: E. Jutland 6.3 Lo 15.2 24.3 6.3 5.1 1.9
m: W. Julend 8.2 1.5 12.6 1.4 7. 1.9
IV: 8. Jutiana 91 X o e.0 13.7 6.7 9.6 9.2
V:: Funen 52 9.5 14. 4.3 5.7 9.1
VI: Zesland 46t o 9.6 15.4 3.7 4.2 €3
VO: Lolland-Faleter 5.4 Lo 0.4 14.1 3.4 4.0 6.3
VII: Borsholm 4.9 = 0.8 5.8 9.3 4.6 4.7 1.5
Mean 6.7 9.7 15.6 5.6 5.2 8.4
Copenhagen 61 o5 1.7 18.2 5.5 4.9 7.6
Population-weighted mean 6.7 1l 17.7 5.7 5.2 8.4
Production-weighted mean | 7.4 1.2 8.0 6.3 6.0 8.9

Table 5, 2.1 shows the resulis of the determinations of radiostrontium
and Ce-137 in consumer milk,

The production-weighted means for Sr-90 and Cs-137 in Danish con-
sumer milk in 1969 were 6.9 8. U. (~8.2 pCi Sr-90/1) and 8.6 M. U. or 13.5
pCi Cs-137/1 respectively,

As previously it seems reasonable to regard the mean of the levels
found in June and December as representiative 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 reascnable estimate of the
annual mean for dried milk,

If the figures in table 5, 2.1 are weighted with respect to the populaﬁoﬁ,
the country means become 6,0 S. U, and 13 pCi Cs-137/1, i.e. approx. 80%
of the production-weighted means, : *

5.3. Sr-B0 end Cs-137 in Grain from the ¥ntire Country

As in the previous years, grain. plgs. were obisined from tep State
experimental farms3 (cf. fig. 4.1.1) Virumgird hag been rga;pc.
borg. 8$r-$0 was determined as previously. (Bisd Report No, ﬁz
Cs-137 mas mund on uhed nmplnl by, :gmm;mggi-

R B P urnw_u.lm__,;J

- W TR AU
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able 3.2.1
Sr-90 ia Dunish graia In 1968
Rye Barley Wiaat Oats
peiseel g g ";‘3;' s.U. "’_‘:‘;‘:l s.u. :“g&a su.
Tylstrup 2984 7 3227 6254 - - [ [
s Y
150212 fusasyten . - + . + P
Studaghrd 50%0 120% 1425 200%2 | s5%3 7422
tzqsﬁz sz gote
- N
vaslo | wsetz
Pdum 19%0 a2 19%2 05 | g0t | sisate 31t sehy
+, e + A,
Ask pxstz  [wssr®s 2981 gote | Wt |wasst | e, P
bisstz  [saaste stz | santh
St Jyndavad | - - e9hr 21241 - - 10624 15321
Blangstedgird - - nt 19% - - 1723 1901
_ B v:4fo  Jwisole | wae's | wiaols sotis | artie
Tyewhis 8:13%1 S:32%0 8:21%0 s:42%0
y .
Ledreborg - - 21% st | V237 | V629 ah 22%)1
S22 3:63%7
0 y
Abed - - 12%2 2624 "m;l Vi2e2 1242 1%
s: 721§ anghy
—r +
Auirkeby 200 5125 1351 s5ta | Vi02 | WiT6% ato 2620
s:3821 | sapfa
Mean 36 o9 28 54 | s 39 a8
w: winter variety, 8: spring variety. The error ierm is the 5. E. of the mean of double determinations

Table 5.3.2

Analysis of variance of In S. U. in grain in 1969

{tram table 5,8, 1)
Variation ssD t o2 v P
Betw. epecies 5.5134 3 | 1.e378 | 12.72]>90.95%
Betw. locatlons | 27.8390 9 | 3.0932 | 21.41]>99.95%

Spec. x locations 2,7463 19 01445 5499 | 299.95%

Remainder 1.2068 50 0.0241

s = 0.6

The main effects weore tested against the intpraction,

Table 5, 3.1 shows the measurements of strontium-90 in grain in 1969,
According to Appendix B, approx. 2/3 of all rye in Denmark is grown in
Jutland and 1/3 In the eastern part of the country. As regards wheat, 3/4
is produced in enstern Denmark and 1/4 in Jutland, In the culcuistion of :
the means in tables 5. 3.1 and 5, 3.4 Jutland is represented by six rye figures
and five wheat figures, while eastern Denmark contributes eight wheat
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figures and one rye figure. Thus the means for rye and wheat in tables
5.3.1 and 5. 3.4 are probably a little higher than the production-weighted
means for the vouatry. ‘I'able 5.3, 2 gives the analysis of variance of the
S.U. figures and table 5. 3. 3 that of the pCi Sr-90/kg grain figures.

Table5.3.3

Analysis of variance of In pCi Sr-80/kg gruin in 1369
{frem inhie 5,3.1)

Variation t P v P
Batw. species 1.5398 3 0.5132 2.74 | >908
Betw. locations 26,4391 L) 2.9376 15.66 299.95%
Loc. x species 3.5647 19 | o.2876 4.61 | »99.95%
Remainder 2.5363 50} 0.0407

7 = 0.20

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

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

Table 5.3.4

Cs-137 in Dusish grein ia 106}

Rye Barley Whest Outs
peica-197/kg | MU |ocice:as7mg | mu. | poscs-1armg | mu  |pescs-197/ke] wv.
Tyltrap 55 131 19 2.7 - - 53 91
—— o Tl ) ) .“ 120 ”» "
dun “ 1.3 o (X} TR 3 n 7.8
Co I S A T I
1, Jyndeved - - ) 10.2 - - [ )
Blangstedghrd d " 2 Laj
Tystatie ﬁ »”» a8
Leireborg j 37 Mz cl 5.
A | e
E %"i 4% 7;4_5,.
4 ¢ Py X 4
i N
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Table §.8.5

Analysis of variance of In pCt Cs-137/g K in grain in 1969
(fram table 5. 3.4)

Variation 58D t o? v P
Betw. species 1.6944 3 | 0.5648 | 9.93| >99.58
Betw. locations 2.5194 9 | 0.2799 | 4.92| »>97.58

Spec. x locations 2.0267 19 0.1067 1.87 -

Remainder 0.5124 9 0.0569
9 = 0.24

Analysis of variance of In pCi Ce-1 31/k¢ grain in 1869
{from table 5. 3,4)

Variation 86D t o? v P
Betw, specles 1.2234 3 | o.4078 | 12.63| >99.5%
Betw. locations 2.5215 9 0.2802 8.67| »99.5%

Spec. x locations | 1.8920 19 0.0395 3.08 | >95%

Remainder 0.2911 9 0.0323

n = 0.18

Table 5. 3.4 shows the measurements of C3-137 in grain in 1969, table
5.3.5 the analysis of variance of the M. U. figures and table 5. 3, 6 the
analysis of variance of the pCi Cs-137/kg grain figures, The variation be-
tween locations was significant. The Cs-137 content in grain from Jutland
was on the average approx. 1.5 (pCi/kg figures) times as high as the grain
level in eastern Denmark, The variation between species was highly signif-
icant. Rye contained as previously approx. twice as much Ce-137 ag the
other grain species.

If the S, U, levels in grain from the harvest of 1969 are compared with
the levels from 1968 ), we find the 1969 figures to be smaller by a factor
of approzx, 1,5,

The Cs-137 content in grain from the 1968 harvest wae on the average
lower by & factor of 1,7 than that in 1968, The fall-out rate in May-August
1868 was 1.4 times ihat in May-August 1989, (The period May-August was
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selected because experiments have shovmI 0} that the contamination of grain
with 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 fits the hypothesia that the Cs-137 level in grain depends
mainly upon the fall-out rate,

In Appendix C is shown a comparison between observed and predicted
Sr-90 and Cs-137 levels in 1969. It is evident that the predicted levels for
grain were higher than those observed. The observed values were for Sr-80
three fourths of those predicted and for Cs-137 two thirds.

The 1969 summer was relatively dry. The total amount of precipitation
in July-August was 96 mm, i.e. two thirds of the normal amount, which is
146 mm. For the prediction of Sr-90 in grain we use the total Sr-90 fall-out
in July-August, and for Cs-137 we use the fall-out in the four-month period
May-August. In 1969 the harvest was earlier than usual, and 45 mm pre-
cipitation fell after the harvest date, which was a considerable fraction of
the total fall-out in that summer. If this had been taken into account in our
prediction equations, the agreement between observed and predicted levels
in grain would have been markedly improved.

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

Table 6.3.7 M
mg Sr/g Ca in grain collected in 1969

k'_inye Barley Wheat Oats

Ty | e e ey | |
Tylstrup 0.8 12 2.6
Stdsgird | 3.1 | 4.0 2.0 | 7.6 1.4
Pdum 3.0 5.0 [41 |42 3.1
Askov 2.3 | 3.0 2.3 139 |35 2.0
8t. Jyndevad 5.8 3.4
EBlangstedghrd] (%1 5.9
Tystofte 2.0 | 0.6 [a.6 2.0 0.8
Ledreborg 2.8 [2.3 [3.8 2,0
Aved ) 6.7 15,0 [s0 ] a7
Axirkery 1.9 ‘ 2.4 | 2.4 2 ot




44

Table 5.3.8

Analyeis of variance of In mg Sr/g Ca in grain in 1989
{fram table §.93.7)

Variation ssp t o v P
Betw. specios 2.9347 3 | o912 ecor | 9958

Betw. locations 1.6886 9 0.8543 | 7.00 2y35.5%

Spec, x locationa 4.0204 18 0.2116 | 1.73

Remainder 1.0994 9 ¢.1221

= 0,36

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 previously1 ), wheat contained significantly more stable strontium per g
Ca than the other species, and Studsgird showed higher figures than the
eastern locations. »

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

In 1969, samples of white bread (75% extraction) and dark rye bread
(100% extraction) were collected as previously all over the country in June
and 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 Copen-
hagen, and Sr-90 and Cs-137 were determined, The Cs-137 determinations
were carried out on dried samples of rye bread and on the ash of white
bread by Y-spectroscopy.

Tables 5.4.1 and 5, 4. 2 show the results, In figs. 5.4.1 and 5,4.2 a
comparison with grain levels is made for the years 1962-1969, It is as-
sumed that the bread consumed in the first nine months of the 1th year has
been made of grain from the harvest in the {(i-1 )‘\'h year, while the bread
consumed in the last three months has come from the harvest in the ith year.
Further it is assumed that 1 kg flour yields approx, 1.35 kg brea\dl R and
that wheat flour of 75% extraction contains 20% of the Sr-90 and 50% of the
Cs-137 found in wheat grain'’,

Figs. 5.4.1 and 5.4.2 show 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-90 and Ce-137 levels in rye bread in Jutland
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were approx. 1.5 times those 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 produciion (cf. 5.3),

Teble .
5r-99 in Dazish bread in 1969
June December
Zone White bread Rye bread White bread Rye bresd
wcifkg | s.v. wingl s.u. | pong| su wiig | su.
% |N. Jutland 8.5%2.5 28%2 9.6%0.7 | 4.7%0.4 b2 0.4
o |E. Jutana 20.0%2.7 a5tz | 10.2%0.6 [7.6%0.0 | 3.8%0.0 I3 6.2
m: |w. Jutma 7.6%1.6 | a.0to.s | 3821 | 12.4%0.7 [7.2%1.0 | 4.2%0u7 25 9.6
v |5, Juttemd 6atrs | 3afor | 362 | 1.6%0.8 |9.8%.2 | s.8t0.8 33 1.6
S |Pmen 26%2 1.8%0.6 | 6.9%01.2 | 3.2%0.4 i9 6.9
vi: |Zealand 2t | 7.1%0.4 | 68205 | 3.8%03 16 IR
28ty 8.1%1.04 6.5%0.3 | 3.9%0.2 17 5.3
20%2 6.5%; 15 5.3
3.8 29 9.0 7.7 LY 25 7.8
3.5%0.7 | 19%1 | r.3%0es fei0t0n | 2.3 23 7.7
3.6 a7 8.8 1.2 2.6 25 7.9
0.32 | 0.09 0.z | o.s 0.16 - -
Table 5.4.2
Cs-137 in Danish bresd in 1968
Tane December
Zane White bread Rye hread White bread Tye bread
poyxg | wu. | poyxg | mu. | poymg | v | eoyg | mw.
I N Jutlant 20,4 | 13.8 o n 10.6 6.6 [ 18.4
O: K. Jutland 9.7 | 1 54 o 17 1.6 7.6 52 6.8
O W. Jutlad 17.0 | 2.5 6 2 10,3 8.0 50 8.2
IV: 8, Jutland w7 | 1.3 49 17 9.3 6.7 64 20.5
V:  Fuom 7.1 | 1.7 57 19 10,3 7.8 37 10.0
VI: Zealand o | 12,9 57 19 10.5 7.9 4 n.az’
Vil; Lolland-Falster ar.3 4 130 » 14 10,9 8,0 3 0.0
VID: Borsholm - - 1.7 | 1.8 54 10
Mosn W {0 ] %6 )
Copenhagen .5 % 11
Popdatia-veigiedmens [ 1571 15 | s ¥
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Fig. 5.4.1. Comparison of Sr-80 leveis in bread and grain, 1962-69.
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5.5. Sr-90 and Cs-137 in Potatoes from the Entire Couniry

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

Table 5. 5,1 shows the Sr-90 and Cs-137 conients in potatoes. The mean
contents for the country were 3.9 pCi Sr-90/kg or 80 S.U. and 7.1 pCi Cs-
187/kg or 1.5 M. U. The Sr-90 levels were approx. 1.2 times as high for
Jutland as for eastern Denmark, and the Cs-137 levels were 1.8 times as high,

The mean of the Cs-137/Sr-90 ratios (pCi/kg figures) was 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 potatoes in 1968

pCiSr-90/kg | S.T. pCiCa-137/kg | M.U.
Tylstrup 2.6 2 0.1 943
Studsghrd 5.3 %03 69%20
Bdum 1.9 0 ety | 9.2 1.9
Askov 5.3 L 0.1 108%6
St. Jyndevad 6.4 To.s 140t13
Tystofte 4620 i
Ledreborg 3.3 0.2 64ts L. 5.0 1.0
Abet 3.5 L 0.1 39%1
Rxirxeby 3.6 %01 usts
Mean 3.9 80 7.1 1.5
The error term is the 5. E. of double determinstions,

pCi Sr-80/kg

N W~ O;

R TR TR

Fig 5.5. 8r-00 levels in Danish potatoss 1850-80 (I 8. K. indiceted),




0

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

In 1969 as in previous years, vegetables and fruits were collected in
Sep ber and D ber from eight greater provincial towns, one in each

of the eight zones, and from Copenhagen.
Carrots and onions were collected in September, cabbages and apples

in December, and a few samples of peas and gooseberries were collected
in June.

The Y-measurements were performed on bulked ash samples :«pre-
senting the entire country (cf. table 5.6.4). Tables 5.6.1 - 5.6.3 show the
resalts and the analysis of variance of the Sr-90 determinations,

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

Tabla 5.0.1

Sr-90 in vegetshles and frults In 1569

Cabbage Carrot - ‘Onicn
Zone oCifkg | S.U. cifkg| s.o. Cifig] S.U. pCifkg | S.U.
5 N-Jotlaod 1t 2124 20%0 | 11?2z | acts | 108ty 0.57 12
o E-Jutland 0% 1827 1913 et | 2t | 109%9 0.86 n
M W-Jutland 1% 1824 1481 als 10tz 20%2 2.24 29
Iv:  S-Jutland 2% 1 ut 386 Ty ras ) 1.68 30
V:  Fuaen 13%2 22%2 142 55214 | 1651 48%3 0.62 15
VI:  Zealand 924 1527 28%2 90%s 16t 3615 0.69 18
VIE Lolland-Falster | 823 uts 1082 s2ti0 | 16tz 3535 1.38 19
VI:  Borsholm 7t 1354 12%0 3621 203 5557 112 46
Mean 10 15 17 59 22 57 1.17 23
Copenbagen 16 15 1234 wotio | 20t 5521 1,54 38
Population-weighted 12 ir 18 61 23 [}8 1.22 24
mean
Relative soalytical error | 405 40% 188 3% 138 15% - -

Analysis of variance of In pCi Sr-80/kg in vegetables and fruits in 1969
{from table 5.6.1)

‘Variation 88D 4 P # P
Betw. species 49.7376 3 16,5792 §59.35 | >99.55%
Betw. locations 2.2874 7 0.3267 1.7 -
Spec. xlocations 5.8653 | 21 0.2793 2.96 | >99%
Remainder 2.2608 | 24 0.0942

5 =03




Table 5.6.3

Anelysis of variance of In 8. U. innnhhlnmdhnumlsu
{from table 5.8.1)

Variation . sSD 1 K ¥ 13
Betw. species 17.4156 3 $.8052 17.26 299.953%
Betw. Iocatioas 3.4061 7 0.4865 1.45 -
Spee. xlocatious 7.0632 | 21 0.3363 a8 | 299.5
Remainder 2.3199 | 24 0.0967
n =0.32
Table$.6.4
Ca-137 in vegetables and fruits im 1969
Cabbage | Carrot] Omion | Apple| Pea Gg:::;
pCifkg s.3 0] 45 |52 12 7.4 6.7
$Cifg K 23toa | 2.0 | 47 10 2.2 3.2

Tables.6.5
Calculated Sr-30 and Ca-137 mean levels in vegetahles in 1969
Daily pCi Sr-~804 pCiCe-187"
Antake Specles per kg S.u.] per kg MU,
in g
50 Leafy vegetables (cabhage) 12 117 5.3 2.1
30 Rout vegetablea (carrot, onion)| 20 81 6.8 3.4
40 Pea (and bean) 9 33 1.4 2.2
120 Vegetable total 13 33 6.4 2,5
»eou and bean wers calculaicd 28 the mean of 3 pea samples colleeted in
zones VI sud VIII and in Copenbagen,

Table 5, 6.5 shows a calculation of the mean contents of Sr-90 and Cs-
137 in Danish vegetables collected in 1969, The levels were the population-
weighted means calculated in tables 5.6,1 - 5.6,4,

The 1969 levels in Danish fruit were calculated from apple and from
gooseberry (10.8 pC1 Sr-90fkg, 34 8.U., 6,7 pCi Ce-137, 3.2 M.U.).
Appled got a weight factor of 85 and gooseberries cne of 15, and the mean .
levels in fruit were thus 2.6 pCi Br-90/kg and 11,2 Cs-137/kg. =

The 1969 Sr-90 nnd Cs-127 levels in vegmbl.l I.nd fnﬂb Iute i

different from the 1908 levels, (c!. also Awle)r' e




50

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

In 1969 total-food samples representing an average Danish diet ac-
cording to Hoff-Jgrgensen (cf. Appendix B in Risd Report No, (53l )) were

collected according to the principles followed in 1961-1968. As previously,

two groups of towns (A and B, cf, figs, 5,2.1 and 5. 2. 2) supplied the

samples,

Tables 5.7.1 and 5. 7, 2 show the results,

The population-weighted

mean levels were 9.9 S. U, and 21 pCi Cg-137/day in June and 7.2 S.U.

Table 5.7.1

Sr-80 and Cs-137 In total Daniah diet collected in June 1968

Zone PCi 5r-80/g Ca [pCi Sr-80/day gCajdny | pCi Co-137/g K [pCLCa-137/day
L N-Jutlaod 10,72 2 18 % 3. .71 ¥ 0.02 s.4ton FIY
m:  E-Jutiand 1.5 to.s 218 %15 1.89 £ 0.06 8.6 X 0.2 33
1 W-Jutland u.6 a5 20,1 ¥ 1.7 1.73 L o.07 9.8 2 0.3 52 %2
Iv:  B-Jutland 10.2 % 2.0 17.5 2 1.6 171 Z0.00 | 1001 220 35 L
Vv: Fooem 9.5 % 0.1 20.8t28 2.7 % 0.26 9.3 %o 56 %
VI Zealand 8.8 % 0.1 17.0 L 01 1.95 X 0,03 6.5 1 0.5 13 21
VI: Lolland-Falster 7.1 %01 12.8 ¥ 0. 1.80 ¥ o.10 8.7 ¢ 0.4 7ty
VII: Bornholm 8.4 0.4 4.9 £ 0.9 .78 L 0.4 w6t 0.2 16t
Mesn 9.7 17.9 1.84 6.3 2
Copenbiagen 8.8 X 0.1 16,4 ¥ 0.2 1.87 X o.01 7.6 25
Population-welghtad 9.9 8.3 1.87 7.3 2
Relative error .:1' to 13% 155 % % %
sampling and lysis
Table5.7.2
8r-90 and Co-197 in Danish total diet collscted in Docember 1993
Zane PCi Sr-90/g Ca | pCi 8r-90/day § Cajday | pctCo-137/g K [pCiCr-137/d0y

I N-Jutland 9.6 L 0.8 16.0 X 0.6 1.60 £ 0.08 6.5 215 %626
1;  E-Jutand 8.5 %04 16.7 £ o9 1.73 L 2,02 7.4 2o 921
I W-Jutland 9.4 % 0.4 15.2 2 0.2 1.64 % 0,07 7.3 20,8 2ts
Iv:  8-Jutiand 9.2 %15 143 fas 1.56 L 0.09 6.9 o5 77 2
Vi Fuam 62210 104 2.4 | 1702 0.06 | 5.8 %06 2t
VI Zealand 5.7 % 0.6 9.22¢8 | 1622000 | 6.0%0.4 2tz
VI Lolland-Falster | 5.6 £ 0.7 9.2%t1.4 | 1682000 | 50421200 wls
VI: Bornholm 5.6 2 0.7 972122 | 132000 | s5.6f0.9 2ty
Moan 7.5 12.3 1,67 6.3 25
Copeatagea 5. tos natie | za0lo.m 7.4 25
Population-weighted 7.2 12.6 1.1 6.9 26,3
Beistive error dus o 168 128 5% 198 ™
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pCl 8r-90/g Ca in Danish total diet, 1961-69.
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Fig. 5.7.2. pCi Cs-187/day from Danish total diet, §963-89,
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and 27 pCi Cs-137/day in December, As in the previous years, the varia-
tion between locations was significant. The S.U. levels in the total diet
were approx, 40% higher in Jutland than in eastern Denmark,

Fig. 5.7.1 shows the zone mean levels {not population weighted} of §.U.
in total diet since May 1961. Fig. 5.7.2 shows the daily Cs-137 intake
since June 1963.

The 1969 Sr-90 levels in June and December in total diet were approx.
90% of the 1968 levels, while the Cs-137 levels were approx. 70% of the
1968 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 1969, For the period January-
April 1969 the Sr-90 level in the total diet is assumed to have been equal to
that measured in December 1968, Risd Report No. 201 1). For the period
May-September we assume the level to have corresponded to that ed
in June 1969. The December 1969 figure is taken to represent the last three
months of the year. The population-weighted mean of Sr-90 in total-diet

samples was 9.1 pCi Sr-90/g Ca in December 1968, Hence the mean con-
tent in the total diet in 1968 was 9.0 pCi Sr-90/g Ca or 15, 8 pCi Sr-90/day.

In a similar way the Cs-137 content in the Danish diet in 1969 was
estimated to be 28 pCi Cs-137/day or 7.9 pCi Cs-137/g K (cf. also Appen-
dix C).

5,8, Sr-90 and Cs-137 in Miscellaneous Foodstuffs

5.8.1, Sr-90 and Cs-137 in Meat

Pork and beef samples were collected in Copenhagen (cf. figs, 5.2.1
ptember, and D: b
Table 5, 8.1 shows the resulta, The levels were nearly the same as in 1967
and 1968. Figa., 5.8.1.1 and 5. 8.1, 2 show a comparison between milk and
meat levels, The ratio pCi Sr-90/kg meat/pCi Sr-90/1 milk was 0. 21 (S.E.
0.02), and the corresponding ratio for Cs-137 was 5.2 (8. E. 0.4) for the
period 1962-69. (In these calculations meat coneisted of 2/3 pork and 1/3
heef) {cf, also Appendix C).

and 5, 2. 2) in three big shops in March, June,
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Sr-80 and Cs-137 in park, baef and veal from Copenhagen in 1968

Table 8.8.1

Species Unit Mar, June Sep. Dec. Mean
pCi Sr-90/kg 1.1 1.0 2.2 1.1 2.8
PCiSr-90/g Ca 12 7 14 8 10

Pork
PCi Cs-137/kg 5 68 90 7 6
pCLCs-187/g K 20 2 2 22 22
PC1 5r-90/kg 1.2 1.4 1.5 0.7 1.2

Sr-90/g Ca 18 1 [ 9 1
vCi /s
pCi Co-137/kg 6o 59 147 34 75
PCi Co-197/g K 14 15 35 10 19
PCi Br-90/kg 1.3 1.4 1.5 i.8 1.5
pCi Sr-90/g Ca 17 14 20 13 16

Veal
PCi Co-137/kg 33 (34 68 &7 54
PCiCe-137/g K 8 15 18 15 14

[ PCi Sr-90/kg

R a Gk el

it QR-R
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62 63 64 65 66 67 68 69

Fig. 5.0.1.2. Cs-137 in Danish milk and mest (3/9 pork and 1/8 beef) 1962-69.

5.8.2, Sr-90 and Cs-137 in Figh

Fish samples were collected at three coastal locations, Rgdvig, Hunde-
sted and Helsinggr, in Zealand. Table 5. 8. 2 phows the results. The levels
were nearly equal to the 1968 (and 1967) concentrations,

Fig. 5.8, 2 shows a correlation between Sr-90 in surface sea watei- 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 111
(8.E., 17) times the Sr-00 ‘1evel in sea 'water. The Cs-1 37/Sr-90 ratio in
sea water is 1.6 (S.E, 0, l)' 7) hence the concentration factor for ﬂlh from
sea water becomel 70. ;

2 et 14 i s A )

L aed B\ T Rus Fuos £58) ween bar oo delne neoMendE L5t e Y 4
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Tahle 5.9.2

Sr-90 and Cs-137 in fish collected in 1960 n inner Daniah waters

Species Month | PClSr-90] pCi Sr-90fpCi Cs-137Ci Cs-137
pec: perkg | pergCal perkg | pergk

meat 1.28 1.49 125 n
Garfish June

bone - 0.53 - -

meat 0.71 1.4 25 6
Plaice Dec.

bone - 0.66 - -

meat 0.03 0.05 12 4
Mackurel Dec.

bone - 0.34 - -

meat 1.56 1.68 126 3
Cod Dec,

bone - 1.81 - -

meat 0.95 0.72 28 8
Herring Dec.

bone - 0.13 - -

meat 2.59 3.57 161 48
Salmon Dec,

bons - 1.33 - -

meat 1.22 1.00 4 13
Trout Dec.

bone - 0.61 - -

meat 1.59 1.17 83 42
Eel Dec.

bome - 1.42 - -

meat 1.24 1.39 74 23
Mean

bone - 0.85 - -
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10007  pCitkg

100 .
1 Cs-137 in fish

' Sr-90 in fish

- ° 0 $r-90 in sea

051 ° water
0,2
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Fig. 5.8.2, Sr-80 and Cs-137 in Danish fish comparwd with Sr-90
in sea water 196]-60.
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5.8.3. Sr-90 in Drinking Water

Along with the total-diet samples, 10 1of drinking water was collected
in June in each of the 48 towns (cf, figs. 5.2.1 and5.2.2). The10 1
samples were bulked into eight zone samples, each comprising 60 1 of
water, Furtherinore, 3 - 20 1 of water were collected from three different
parts of Copenhagen and coi:bined to a 60 1 ple. The ples were
analysed, by the method used for ground watar  for Sr-90, stable strontium
and calciuma

Table 5. 8. 4 shows the results,

Table 5.8.3

Sr-90 in Danish drinking water in 1969

Jdune

Zone PpCi Sr-%0/1 gcafl
12 N-Jutland 0.017 ©. 076
o E-Jutland 0.019 0.075
M: W-Juiiand &.002 0.066
IV: S-Jutland 0.001 0,085
V: Fuoen 0.004 0.126
VI: Zealand 0.005 0.106
VII: Lolland-Falster 0.003 0.097

.

VII: Bornholm 0.042 0.077
Mean 0,012 0.089
Copenhagen 0.015 0.138
Population- weighted 0.,0112 0,102
mean
Medizn ’ 0.005 0.085

Table 5.8.4
8r-90 and Ca-137 in ¢éoffes, tea and egg in 1369
Sample Mot PCi Sr-90fkg 8.U. 1pCt Cs-137/kg | M. U.
Coftes Dee. | z8.5% °3 1 s
Egg T Sep 22 [ER =
g - Des. 1,3 FX0N
- e [N SN H e
- The e 10 ama Co-1 37 teveis n cottes and-on wore w; Lt
- pous, Syl *
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The variation between locations was in all cases highly significant (cf.
Risb Report No. 154, p. '12| ). The highest Sr-90 levels were found in
drinking water from Bornholm, East Jutland and Cop gen. As pared
with 1967 and 1968 the 1968-Sr-90 levels were mostly lower.

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

+

the observations made earlier,

5.9. Estimate of the Mean Contents of Sr-90 and Cs-137 in the Human Diet

in Denmark in 1969

5.9,1, The Annual Quantities

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

5,9,2. Milk and Cream

The Sr-90 and Cs-137 contents per kg milk were calculated from the
annual mean values for dried milk {cf. tables 5.1.1 and 5.1.3). 1 kg ~1 1
milk, containing approx, 1.2 g Ca and 1,66 g K. Hence the mean contents
in milk were 8.6 pCiSr-90/kg and 16 pCi Cs-137/kg.

5,9.3. Cheese

1 kg of cheese contains approx, 8,5 g Caand 1.2 g K. The Sr-90 and
Cs-137 contents in cheese were calculated from these figures and from the
S.U, and M, U, levels in dried milk (cf. tables 5.1.1 and 5.1.3). 1 kg of
cheese appeared to contain 61.1 pCi Sr-90 and 12 pCi Cs-137.

5.9.4. Grain Products

Tables 5.8.1 and 5, 9, 2 show the estimates of Sr-90 and Cs-137 respec-
tively in grain products consumed in 1969. From these tables the activity
levels in grain products were estimated at 23. 2 pCi Sr-90/kg and 48 pCi
Cs-137/kg.

Table 5. 9.1
Estimate of the 8r-90 conteut in grain products consumed
per capita in §#69

Fraction from Fraotion from Total
Type harvest 968 harvest : 869
kg flour | pCifkg
W 21.9 46,0
(75% extraction) | 325 1 11.8 |
Grits 55 2200 |
Total | s0.3 | 2.0
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Table5.8.2

Egtimate of the Ca-137 content in grain produets consumed

per ceopita in 1969
Fraction from Fraction from.
Type harvest 1968 harvest 1969 Total

kg four | pCi/kg pCi kg flour] pCi/kg | pCi pCL
i}!ot flour ction] 212 96 2102 7.3 59 L) 2533

(75;|xt:lcwﬁon) 32.9 26 855 10.9 19 207 1062
Crits 5.5 46 253 1.8 23 41 294
Total 60,3 53 3210 | 20.0 " 679 3889

5.9. 5. Potatoes

The figures in table 5.5,1 were used, i, e. 3.9 pCi Sr-90/kg and 7,1
pCi Cs-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 1969, The mean contents were 13 pCi 8r-90/kg and 6.4
pCi Cs-137/kg.

5.9.7. Fruit

The levels in imported fruit in 1969 are assumed to be equal to the
mean levels found in oranges and bananas collécted in Copenhagen in Decem-
ber 1968, i.e. 5.6 pCi Sr-90/kg and 15 pCi Cs-137/kg. The mean levels
in Danish fruit in 1969 were 2. 6 pCi Sr-90/kg and 11, 2 pCi Cs-137/kg (cf.
5.6). The daily mean consumption of fruit consisted of 100 g of Danish and
40 g of foreign brigin. Hence the mean contents in fruit were 3, 5 pCi
Sr-90/kg and 12, 3 pCi Cs-137/kg,

5,9.8. Meat

From table 5. 8,1 the annual mean values of 8r-90 and Cw'«137 }n meat
were calculated: 2, 3 pCi Sr-80/kg (and 76 pCi Cs-137/kg. gDm:h)nnt
consists of 2/3 pork a.hd m[a

w e

9. 9. Fiih

he s::m gl B 37-évhtopte in a_gin;u .
meani of thebe: W i i ’
&&Wﬂ
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5.9.10. Eggs
The activity contents in eggs were estimated from the measurements
in table 5.8.4. The levels were 1.8 pCi Sr-90/kg and 12 pCi Cs-137/kg.

5.9.11. Coffee and Tea

The levels, indicated in table 5. 8.4, were used. 1/3 of the total con-
sumption consists of tea and 2/3 of coffee. The mean contents were conse-
quently 27 pCi Sr-90/kg and 168 pCi Cs-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. 0,01 pCi
Sr-90/L. 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 1969, The figures should be compared with the levels cal-

Tahle 5.9.3

Estimate of the mean content of Sr-90 in the human diet in Denmark in 1969

Anmal . of
Trectuot | quutty P | ot Becso %—w
Milk and cream | 164.0 B.6 1410 27.2
Cheose 9.1 61.1 556 10.7
Grain products | 80.3 23,2 1862 36.0
Potatoes 73.0 3.9 285 5.5
Vegetables 3.8 13,0 569 11.0
Frat 511 3.5 119 3.5
Meat 54,7 2.3 126 2.4
Bepe 10.8 1.8 20 0.4
Fish 10.9 1.4 15 0.3
Catfes and tea 5.5 21 149 2.9
Drinking water | 548.0 © o.00 5 0.1
e WMM T E e
} Haisaasinid u--mr-um-mu mwﬂpwwm o
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Tebles s

Estinate of the mean cantmt of Ce~137 in the hamaa dist in Desmark in 1569

Tope of food E" 'ar-?;lla ﬂrg-llﬂ "‘"rﬁ‘.:‘:‘e""
Bk ond cream | 164.0 16 2624 18.7
Chease 9.1 12 109 0.7
Graia prodocts 80.3 48 3854 215
Fotatoss 75.0 Tl 518 3.7
Vegetahles 4.0 6.4 280 2.0
Frait 51.1 12.3 623 4.5
Meat 54.T 76 a157 29.6
Ears 10.9 12 131 0.9
Fish 10.9 i) 807 5.8
Caffee and tea 5.5 168 924 6.6
Dricking water | 548 [ ° o

Total 14033

As the app intake of was 1365 ¢ the pCi Cs-137/g K ratic

was approx. 10,3, The daily mesn intake in 1569 was 38 pCi Cs-1357 per capita.

Fig. 5.5.1. A comporioes hoiwom ewiimated {of. 6. 0) acd meawured (of. 5,7) .

A-90 lavele in total Dunish fiet 106180,
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Fig. 5.9.3. A d (¢f. 5.9) and d{ct. 5.7)
Cs-137 levels in total Danish diet 1963-69,

culated from the toiul-diet samples (cf, 5.7). The Sr-90 estimates obtained
by the two methods were 8.3 S. U, and 9,0 S. U. respectively, and the Cs-137
estimates were 38 pCi Ce-137/day and 28 pCi Cs-137/day. Figs, 5.9.1 and
§. 8, 2 show a comparigon between the measured and calculated levels in

total Danish diet since 1961, The agreement between the two methods was
satisfactory.

The relative contribution of Sr-90 from milk products decreased from
approx, 46% in 1968 to 38% in 1969, whereas that from grain products in-
creased from 30 to 36%, The contribution from potatoes, other vegetables
and fruit was 20%, i, e, the same as in 1968, The relative contribution of
Cs-137 in the total diet changed as follows from 1868 to i989: Milk products
showed a decrease from 23 to 19%, grain products an increage from 21 to
28%, and meat a decrease from 32 to 30%.,

SRR rerh kgL IR Gk n e L



6. STRONTIUM-90 AND CAESIUM-137 IN MAN IN 1969

6,1. Sr-90 in Human Bone

The collection of human vertebrae from the institutes of forensic medi-
cine in Copenhagen and Arhus was continued in 1969, As in the total-food
survey (cf, 5.7), the cduntry was divided into eight zones. The samples
were divided into five age groups: new-born ( (i month), infants (] month -
4 years), children and teen-agers (5 -19 years), adults («29 years) and
adults { )29 years),

Tables 6,1.1 - 6,1.5 show the results for the five groups.

The levels were lower in 1969 than in 1968 for all age groups. The
highest levels in vertebrae were found in the infant and children groups, the

‘Table 6.1.1

Sr-90 in bone from new-born children {{1 month old) in 1969

Zane Age in Month Sex PCi 8r-90/g Ca | Semple no,
days of
death
I 2 4 r 1.74 MK 29
1 27 4 ? 2.35 L
1 " 10 v 111 w122
I 1 9 ) 3 0.64 MK 92
I 19 2 K 1.1 X 14
I 4 2 r 2,27 MK 19
ot 15 3 r 0.55 n 39
II 22 3 r .53 MK 48
II 7 8 1 4 1.21 NK &2
1 5 7 r 1.00 " 72
o1 5 7 r 1.03 WK 74
b4 4 7 ¥ 112 LR
i 1 9 x 1.07 95
u 1 9 x 119 am
1 2 10 2 . 1ae lx,sni
I 6 uilis | s M ags |
u J e} o9 ‘ . %l oA 1 n,‘.,pi
e T [ A - e o B & o
v 2 2 4 ‘
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Table 8.1.2

Sr-90 in bone from infants ( 4 years old) in 1569

Zone | Age in years | Month | Sex | pCi Sr-90/g Ca | Sample no.
and months of
death

1 1a 4 ] 0.99 K 36

1 2a 4 [ 1.94 w37

1 1m 3 F 2.52 WK 44

1 31/2a 6 R 0.91 NK 54

1 61/2 T E 5.60 L' G 1]

I 1128 J10 4 2.19 X 118

I 2n 10 n 1.13 x 119
s 18 1 r 0.36 . 7
1 4n 2 x 0.99 x 8
11 1122 2 X 0.75 . S ]
11 9m 1 r 2.24 10
I 5= 2 r 2.90 T 1
1 . Ta 2 n 2.24 ;12
11 1m 2 ] 0.94 ;13
I 5310n | 2 r 2.07 x 15
54 9n 3 x 0.80 K 16
1T 1y2a 1 r 1.24 X 18
11 4 3 ? ‘1.48 KK 42
11 1a 3 r 3.44 X 43
b3 S5a 6 x 1.96 X 52
b3 1 6 r 1.60 x 51
1 5a 7 » 1.61 X S5
1 1 7 n 2.02 L S
I 4n 7 L 1.21 MK 65
i 3a [ | 1.27 MK 66
b4 5a 8 r 1.42 ® 70
Iz 112w 8 L 1,28 K N
1 2m 1 14 1.27 MK 144
b4 2 1n 1 1.58 BK 142
11 ‘n ] x 1.10 K 96
II 41/2m {20 x 1.74 107
1 1y 10 x 3.82 XX 106
I 4y 10 r 2.01 K 121
244 3a 3 r 3.02 KK 40
1 es 7 B L2 X 58
m 471n 7 r 1.63 x 67
111 4r8n [ X 1.73 X 68
111 5w 7 r 1.5% w74
41 1y 12 14 2.04 ¥K 133
v 3a 12 ‘? 1.97 X 140
k7 ‘2 111 B 1429 ¥ 132
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Table$.1.3

Sr-90 in bone from chilires and tevn-agers { ¢19 years) in 1969

Zome Age in Month | Sex | pCiSr-90/gCa| Sample no.
years o
death
1 13 10 [l 1.70 XX 115
I 5 1 X 2.95 XK 143
. 1 1 3 r 1.48 ;s
; 44 v [ r 2,26 X 30
! u 9 r 3.89 X 148
: 1 16 9 X 3.92 X 89
I 15 € | 1 1.60 B 64
I 19 u ] 2.36 X 5
I1 13 3 ) 1.36 EX 20
1 [ 1 r 2,27 [ 31
I 5 9 r 1.85 MK 100
pos & 8 r 5.18 ® 6
11 [] 9 5 1.47 x 97
11z [ 9 ] 1.86 AKX 88
III 12 9 r 0.98 XK 90
1 18 10 1 1.55 XX 105
m 10 10 - 2.09 AK 120
111 6 5 X 2.56 ® 62
| 241 16 [] ] 0.90 K 94
™ 17 10 X 1.78 XK 116
Iv 12 4 ) 4 2,02 K 28
v 19 1 1 1.92 ¥E 128
w1 15 1 1 2.67 ¥E 126
vI 17 12 r 1.55 uK 136
2 15 9 1 1.40 ¥ e7
I 17 9 H 1.24 uE 86
VI 1 5 X 1.14 ¥ 25
/4 17 10 X 1.58 ¥E 113
n 17 12 1 1.48 HE 135
vI 19 4 r 2.78 o n
n 19 5 | 1.35 ¥ 27
vI 1 10 1 0.97 K 114
43 16 12 r 1.77 uE 137
vt 16 12 ’ 3.06 R 141
w1 8 5 - 1.04 24
L4 12 5 ’ 1.04 K 26
vi 1 7 4 2.2%: -x: 57 N
R/ 15 8 r 1,02, nE 8¢’
vi | 1 9 r 3.40! w 8i’
B . % 8




Tuble 8.1.4

8r-90 in vertebras from adulis ( €29 years) in 1989

Zone Agein Month | Sex | pCiSr-90/g Ca| Sample no.
yoars of Ca
death
I 20 1 K 1.59 EX 117
w 25 7 X 1.55 i 76
heg 20 9 ) 4 1.73 i 9N
vI 22 1 L 1.46 KX 129
v 29 10 ¥ 0.90 KK 127
vI 25 11 r 2,05 HX 125
I .29 12 r 1.54 EX 124
V1 28 7 X 0.93 HEX 49
Vi 28 b3 } | 1.80 E 4
Vi 24 9 X 1.54 EX B5
v 24 10 B l.22 X 111
I 23 12 r 1.00 EX 138
¥I 22 2 X 1.64 E 32
vI 29 7 n l.21 i 50
V1 28 9 P 1.78 ux 79
1 27 9 r 1.31 KX 83
Table 8,1.5

Sr-90 in vertebrae from adulis { )29 years) in 1968

Zose | Atein]| Mt | gy | POISE0/8 | sampie o
f#4 34 3 ] 2.49 HK 34
vI 33 1 L 1.01 o1
vI 55 9 ] 0.60 K 78
V1 46 9 X 0.40 X 81
vz 34 9 r 1.00 i 84
vI 69 1 X 1.05 | S
VI 38 10 r 1.39 K 110
vz 46 10 r 1.40 uX 112
v 49 4 X 1.09 K 3
VI 54 12 3 2.00 XK 139
I 40 12 X 1.37 XK 134
vI 54 1 | ] 0.99 o2
v 35 4 ] 1.62 = 35
I 35 7 | ] 1.69 x 53
v 32 8 ? 1.24 | 56
vz [1] 9 ] 1.56 x 77
1 . 36 5 | 4 1,27 I 23
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lowest among ne~-born (cf. fig. 6.1). Adults between 20 and 29 years
showed higher levels than adults of more than 20 years. The adult levels
were lower than expected (cf. Appendix C) probably because most of the
samples came from the eastern part of the country with the lower diet levels
(et 5.7). ’

As in the previous yea.rsl ), the mean OR: 5. U. (new born's bone)/S. U.
{mother's diet) was calculated from tables 6.1.1, 5.7.1 and 5. 7. 2 and Risd
Report No. 201, tables 5.7.1 and 5.7.2'). Table 6.1, 7 shows the result
compared with the OR values from previous years.

Tabies.1.6

Sr-90 (pCi/g Cs) in human vertebrae collected in Desmark in 1969

Number of
Age groap samples Min, Max, Medlan Mean
New-born
«1 &) 13 0.53 2,35 112 .16
Infante
(a4 3 43 0.36 5.60 1.60 1.78
Children
(s19 ) 3 0.90 5.18 1.78 1.94
(ae ) 16 0.90 2.0 1.54 1.36
Adults 17 0.48 2,00 | 127 1.25
{ a30 years) .
& {pCi Sr-80/g Ca
3 ®
(-]
2 o :
e © ° ®? s0
1 ®. g o0

3 %4 30d 3m EmSmly 2y &y 7yy 20y &y 60y oy
Fig. 6,1, Br-00 in bumen vertebras ta 1969 {the figeres in the circles

indicate the nuuber of savtples).
g progmaney. 180 . |
“idea; 2968 ] i pean
0.13 0.1 0,106
0.05 0.08 0,020
~Be03 [ 2.3 0,008




6.2. Ce-137 in the Human Body

In July 1968, whole-body measurements were initiated at Risd in the
low-level counting room in the Health Physics Department {cf. 2.3 in Risb
Report No. 85' )). A: control group from the Health Physics Departmeat
was selected and has since then been measured three times a year.

Table 6, 2 shows the results. The cantrol group is indicated by small
letters in the table,

The annual mean value of the control group was 40, 3 pCi Cs-137/g K.
As earlier, we shall consider this figure representative of the mean of the
Danish population in 1969. The total-body content of Cs-137 in 1969 for a

tandard man containing 140 g of potassium equals 140 + 40,3 - 1073 nci =

5.6 nCi Cs-1%7, i.e. approx, 8_51. of the 1968 levea.

Fig. 6.2 shows the mean M. U. values (with one S.D. } for men and
women measured in 1963-1969,

Table 6.2
‘Whole-body of fum-137 and in 1969

No. |sex [Comnting|ny, |Hetgnt wumnn:uxm 5 | eden £

date incm in kg [concurnp- body innCi |weight
oy R EIRUN S S AR ey
vae | £ ]|30/s 38} 176 62 |1/a1 38,9 | 5.03 | 2,13
¢20 | » j2r/s “ln 86 01 36.5 | s.21 | 1,03
azs | £ |11/a a]in 64 |1/212 4.2 | 630 | 23
e21 | = |29/a | n ™ 1/ 38,1 | 6.46 | 2,3
s21| ¢ |e8/a 2| 14 ® [1/21 5.9 | 4.71 | 3.29
i18 » |22/s 40 | 170 66 01 .2 2,58 | 1.16
xa26 | 2 |20/s 57| 14 55 |vs 1.2 | s.es 22
115 | = f23/s 37| 172 66 |3/s1 M40 | 5.70 | 2,08
13 | » |25/4 37| 193 7 |2 4,2 | 5.5 | 1,33
n12 | = |25/4 38 | 170 n [} 31,5 | 5.0 27
017 | = |24/s 4“1}t 64 |1/21 “s| 687 | 2.4
?6 t | &5 3] 178 [} 01 3.1 | s.28 | 1,92
q16 | a ja23/a 39 | 192 e |21 48,4 1 4 | 1,23
wu2s | £ [25/a 30 | 162 49 |1/412 59.2 | 4.5% | 2.5
vil | = |24/s 27| 11s 7 |12 49.9 | 4,29 | 142
s24 | 8 |20/ 30 | 170 7 {1/412 5.8 [ 462 | 1,75
e t | s/5 34 | 160 5« |1s 32,2 | 3.72 | 22
9 t | 5/5 30 [ 160 58 |s/a1 5.7 | 3.80 -85
[ %4 s | 6/5 46 | 183 73 |1/412 69,2 111,25 | 2,23
a4 |2 |4 s2] 164 [ 60 [1/42 47,6 | %.20 | 1,12
L 2 | a7 38 | 176 62 /s 2 47,1 | 4,45 1.5
o 56 2 /7 “ul 1re ] 01 4,1 { 5.9 1,46
a9 | ¢ fa/n a|m 63.5[1/21 21,3 | 4.98 | 2,0
.34 s j26/7 il nn |1s1 vo,3 | 488 | 1,7 |
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. sex [comne [, |meene | [Deily ui..lu. e s K/kg

date inem | inke p-| body innCi fweight
(X5 4 aft |22 ] 16a 40 /412 | 36,6 4,53 | >.6
130 [ 16/7 40| 110 66 01 7.2 | 10,0 | 1,6
k33t | 22/7 |{3]| 181 36 Ve | 322 ) a1 | 26
138 Y ofr | xr | 112 [ 3/a 1 32,0 5.91 | 2,0
» 50 Y /s |37 ( 193 72,5 /41 | 620 9.49 | 2.1
mn4o J u s/r {38! 110 n 01 {32 | sz,
o 37 n 10/ {aa]| 270 63 /21 § 55.5 T.46 | 2,15
» a7 4 s/r |37 | 110 [+ /41 | 29.2 .73 | 148
3 » 19/7 39| 192 5 Yz 1 53,6 To2E 1.6
tn t ] 1/t 39| e %% /21 | 25,3 | 2,99 | 2.3
u 38 ? /1 |30 162 50 1/4 1 2.1 2,66 | 2,2
4 = M | e TMS5) /21 | 418 | 5.8 | 146
z32 { ¢t ]| a7 [as| 12 3} 01 | 385 | 3,33 | 1,37
= 42 n 771 3| 1 19 /41 | 341 | 4,78 T4
- a9 r | s1/r {34 160 53 /42 28,7 | 3.20 | 2,33
s 5 4 4/ (30} 160 58 /21 | 851 3,98 | 1,78
& 46 . b Tad 46 183 n 1/4 1 431 Tod2 2.4
« 52 r 12/12 | 32 164 [} /41 14,8 1,54 1,16
» T r | 25/11 {38} 176 62 Va1 | 351 | S.24 | 2.5
e 66 a | 28/21 |44 | 174 89 01 36,7 o72 | L,75
a6 r 12 {aa | 1M ] /23 | a6 | 7.60 | 2.62
e 53 = [ 12/12 {51 ]| 1714 70 /41 | 49,6 | 9.4 | 2,63
.57 £ | 412 {22 | 164 | 475} /41 (| 33,9 | 5.28 | 3.29
161 = 2/12 |40 | 170 64 01 53,2 8,60 2,53
k55 r 812 | 51| 12 55 /41 | 34,0 | 5.53 | 2.9
170 = | 26/11 |37 | 112 % 3/4 1 41.1 T.53 | 2,42
n 68 = |2t/2 |37 ] 193 18 /41 | 53.9 | 10,25 | 2.4
n 69 w | 26/11 38| 170 ;] 01 40,6 6,95 | 2.28
p s £ |as/aa |37 ] 178 [ o1 37.8 5.4 | 2,55
e 59 m | 312 |39 192 L /21 | 48,0 | T.68 | 1,08
t 54 r 9/12 |39 ] 168 7 Y21 | 32,9 | 4.65 | 2.48
- 61 £ |2s/11 |30 | 162 52 Va1 | 35.7 ] 5.0% | 3.4
v 6 » 3/22 | 21.] 17e )] 21 | 434 | 7.3 | 2.07
¥y 8 1 4 2/1z fz1 | 169 s2.5| /a1 2.9 8,60 .09
s 67 a|27/11 |30 ] 118 80 /41 | 34,6 | S.62 | 2,03
. 50 r | sz 34 ] 260 54 a1 | a5.2 | 6.3 | 2,03
a5 » 3/12 |46 | 189 " /41 | 51,8 | 8.98 | 3.1

The maximum was reached i. = gust 1964, The figure also shows that’
the mean level in the male group was approx. 1.3-1.5 times uh'wi,u ﬂn‘
in the female group. The levels were nearly constant throughout 1869 {cf,

also Appendix C),
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7. STRONTIUM-90 IN SEA WATER IN 1969

The collection of sea-water samples initiated in 1961-62 was continued

in 1969, The samples, all of them surface samples, were collected only in

June around Zealand at the locations used in November-December 1962 {(cf,
Risd Report No. 63' ).

samples.

Report No. 41, fig. 7.1.1.21)).

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

The one-litre samples from the Sound were bulked into three-monthly
The 40 locations in the Sound were those used in 1961 (cf. Risd

November-December 1962 at the locations in table 7.1 (cf. also fig. 5.8, 2).

Table 7.1

Sr-90 in gea water collected arcund Zealand in June ) 968

Latitude ¥ Longitde E Water ¥C1 Sr-80/1 pCi 5r-90/g Ca | Balinity (n ofo0
o1 >
5suu uon,s- The Cattegat st 176 2000
56%06" 11%8° {Hessels, Sjeilands Odde)
55%46¢ 116260 The Cattegut (Sames) 0.47 1,68 20.8
55%21¢ 10%2° The Great Belt {Kerieminde Bety,.
55%17¢ 10%9* Nyborg Fjord) 0.51 1.97 19.5
55%01" 10%51 The Great Balt {Svendorg Sound, 0.66 522 5.0
549871 10%2¢ Rudktbing 1)
0. 0, - . N
z:‘,;o: ::.':: The Great Belt (Karrebakeminds, 0,56 595 14.8
H Asks)
o. 0,0,
::u;:: ::";:: The Famera Belt 0.86 2.81 17.6
' -(Ryelde Moz, Fehmers Balt) - B
547331 11°56° The Baitic Sea (Gedasr rev, 0.70 50 .2
54%46° 11%z2¢ Hyktsing Talstar) c i s N
5483 12%9° Grynsund 0.42 3,50 0.9
o, o
34 56! 12 350 Faize Bay 0,62 .23 22
55°08° 12°17° {MPBos Klini, Fakse Bay)
Mean 0.57 307 5.4
s 0,11 117 48
oz 0.04 0,39 1.5
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Fig. 7.1. Sr-90 in sea water fron ianer Danish waters,
1862-69 (1 S.D, indicated).

Table 7.2

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

Sampling period PCI Sr-00/1 pCi 8r-90/g Ca Balinity in o/oo
July-September 0.76 £ 0,08 4.80 2 0,20 1.8
October-December 0.41 2.42 12.7

The error term is the 5. E. or a double determination.

-




8. SPECIAL SURVEYS

6.1. Meteorological Mast Experiment

As in the previous years, samples of precipitation were collected from
the meteorological mast at Risb at eight different heights (cf. fig. 3.1.2.2).

Table 8.1.1 shows the Sr-90 levels in the eight bottles throughout the
year and tables 8.1,2 and 8, 1.3 the analysis of variance of the natural
logarithm of the pCi Sr-90/1 and the mCi S:--stl/l:u\Z figures regpeclively.
As previously, the variations between months were highly significant (P )
98, 95%).

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

The mean amount of precipitation in the eight bottles on the mast was
321 mm in 1963, i e, 75% of the level measured in rain bottles at ground
level at Risd (cf. table 3.2.4.1). The tota: deposition was 0. 87 mCi Sr-90/
km?, i.e. equal to the level measured at the ground stations at Risd {ef. 3. 2, 4).

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

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

Table 8, 2,1 shows the Sr-90 and Cs-137 contents in grass and milk
from the sample callection. The mean Sr-90 level in grass was in Septem-
ber 63 S.U. (in 1968 the September level was 77 8. U.), and the mean level
at Riso (cf. table 3, 2, 2) in July-September 1969 was 55 8. U.

The mean milk lovels were 5.6 8. U. and 9.3 M.U. In dried milk we
found in September 5.8 S, U, and T0.8 M.U, ~  —

The OR between mean 8. U, in milk and grass was 0.10 in 1969 i.e.
nearly the same as in 1965-68,

8,3, Sr-90 and Cg-137 in Human Milk

Donor A was identical to dobor A in 1965 (¢, Risd Report No, 130, p.
92'))'lrd'dQﬁDmﬂmd'ﬁmnmrﬂ’(¢ Rist Ruport No, 107,
p. 88'%).- R SN U , S -




Sr-50 in the meteorological mast 1968

Table 8.1.1

. e e Ll

Analysis of variance of In pCi 5r-80/1 in preeipitation in 1969

(trom table 8.1.1)

Variation ssp | t o v P
Between locations| 2.3528 | 7 | o0.3361] 2.86 | >97.5%
Between months 86,6239 |11 | 7.8749167.02 | >99.95%
Remainder 8.8120 |75 0.1175
5 =0,35
Table 8.1.3

Analysis of variance of In mCi Sr-ﬂ)/l:m2 in precipitation in 1989

(from table 8,1.1)

Vartation ssp | 1 o? v P
Between locations 1157 7 | o.2e50] 2,85 | 91,58
Betwesn months 84,6339 [ 11 | 7,121 | 89.78 | »99.95%
Remainder 6.4425 | 75 | 0.0859

W =030

om Tm Bm 39 m
oCif1 meifkm® | poip mei/m? | ot mCi/km? | pCifl mCiflan?
Joa 138 0,001 113 0,048 1.65 0.057 1,50 0,048
Feb. 3.04 0,017 1,54 0,005 4.7 0,012 10,56 0.016
Mar. 21,50 0013 | 2.3 0,065 | 22,10 0,062 10,61 0,030
Apr. 172 o.mn .29 0,086 1.98 0,061 3.2 0,090
May 3.22 0,173 a.22 0,254 4.3 0,220 5.5 0,206
June 3.47 0159 3.26 0,244 354 0,153 3.93 0,163
July 5.19 0,058 6,18 0,059 7.37 0,062 5.7 0,048
Aug. 1,06 0,101 2,37 0,123 2,38 0,220 2,57 0.125
Sep. 1,03 0,038 216 0,098 1.0 0,022 148 0.024
ot 0,36 026 0,66 0,032 0,86 0,040 0.54 0,023
Fov. 0,46 0,023 9,90 0.043 0,60 0,028 LX) 0,022
Dec. 1,74 006 2,48 0,008 1,400 .008 4,24 0,020
1969 11 0,786 P 3508 2,47 HE™ . 0.5
[ 312 mn 369 an 342 =2 526 =
Table 8.1.3




% m Tm 8 m 133 m Memn
Prvy wCifkm? | poit | meye? | popn meifrmd | poip meipim? | peip mCy/km?
Py 0,043 1,47 0,048 Q.m) {0,032} (1.4} {0,0%2) 1,5 (0.048)
L X 0,008 8,63 0,012 7.0 [ X7 19,78 °,010 2,29 0,012
20,00 0,064 14440 0,045 20,60 0,052 23,6 0,048 19,88 0,033
1,97 ©,0%4 2,70 0,003 2.4 v,062 3.3 0,039 242 0,072
s.02 0,256 5.9 0,337 5.9 o290 283 9,19 488 ou%1
3.57 0,47 435 0,180 3.9 0,147 3.00 0,138 3,56 0,154
$.64 0,043 £.46 0,045 a0 a,056 12,10 0,059 7.09 0,054
2,44 0,110 3.50 0,178 4.83 0,203 2,05 0,108 2,05 0,134
1,48 0,026 1,61 0,026 1,42 a,019 0,92 0,009 1,52 0,023
0,71 0.035 a,58 0,029 D82 0,034 0,52 o, 017 0,66 0,030
0.56 0,026 0.58 0.026 0.6 0.025 0,65 o017 0,81 0,026
3.4 0,014 2.25 0.008 5.65 0,022 9.92 0.008 3.85 0,012
H 2 3 t ¥ 2 ¥ [ L] [
2,54 0,826 2,97 1,007 3467 (0,975) 3.08 {o.679) 2.72 {0.873)
325 m 42 m 266 =a 21 m M m
ZTable 8, 21
§r-90 and Cs-131 in grass and milk in Sept. 1869 an the State farms
Milk Milk Mk Grass Grass Mk
loci 8r-pn/gc Cs-187/gK [pCs Cs-137/ 90/g Ca|pcic M. U./8.U.
Tylstrup 6.0 10.6 16.6 48 9.4 109 0,13 1.8 1l
Studaghed 6.3 6.3 10.6 104 6.4 95 0,06 1.0 1.0
e 5.0 7.5 12.4 “ 3.2 30 0,12 1,5 2.3
Askov 5.2 6.9 11.0 87 3.8 27 .06 1.3 18
St. Jyndwvad 8.7 8.2 13.7 123 5.0 @ 0,07 0.9 1.6
Blangetedghrd 5.3 u.3 18.6 “ 4.2 s 0.22 2.1 2.7
Tystofte 5.8 1.0 21.8 27 0.5 s .21 2,9 (34.0)
Virumglrd ‘
Abed 4.2 1.6 54 2.3
Ruirkedy 4.0 1.2 B ke i)
Moan RN 9,6, 1 5.6
8.D. R 3.4 | ; PRIt 3
"’ 0.25 0,35 035 | 0,83,
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The Cs-137 determinations were performed by Y-spectroscopy of the
dried milk, and Sr-30 was determined in the ash by the usual method™’,
Table 8. 3,1 shows the results.

Table 8.3.1

Sr-80 and Cy-137 in human milk collected in Jan. ~Oct. 1969

eriod i 1 -137
Location col- c-ﬁm C:Sis'llgl(lgl([l “pcﬂe," s:-go(;gc- gcdl&?/ﬂ;

Holbaek Jan | 4.0 7.9 |o.61] 0.45 [1.25Z0.13] 0.39] 11

]

c Jan. | 8.1f1.2] 11.721.8 |0.69 | 0.86 | 1.87%0.22| 0.46] 9.4

7.3%0.1| 12.3%0.2 J0.59 | 0.69 | 1.84%0.20| 0.38] 10.6
+ + +

.| 7.0%0.7| 11.821.2 [o.59 | 0.97 | 2.36%.18| 0.41] 7.2
+. *. .

8.683.4] 12.7%3.5 J0.69 § 1,12 |2.48%0.24] 0.44] 7.9

4.9%0.1] 6.8%0.2 |o.72 | 0.82 [1.72%0.08] 0.48] 6.0

fEFEE

12.9 17.5  |o.74 | 0.67 |1.50%.01f 0.45] 19.2
" July | &.0%1.5| 13.2%2.4 |o.61 [ 0.45 [1.30%0.03] 0.35] 17.8
" Aug. | 7.621.0] 12.8%1.6 Jo.59'| 0.4 1.30 | 0.36] 16.5

" Sept. | 10.6 15.4 0.69 | 0.53 1.29 0.41| 20.0

> b b > > » > » » b|o

" oct. |8.4%2.3 | 11.585.1 [o.73

The error term is the 8.E. of the mean of double or triple determinations

The Sr-90 mean levels in the donor milk in 1969 were 0. 70 pCi Sr-90/1
(S.D.: 0.24 pCifl) and 1, 74 pCi Sr-80/g Ca (S.D.: 0.45), and the mean levels
of Ce-137 were 8.4 pCi Cs-1 37/1(8.D.: 2.1) and 12, 6 pCi Cs-1 37/g K (S.D.:
2.8). I the mean level of the food collected in zone VI and Copenhagen in
December 1968 and in June 1969 is considered to be representative of the
donors' diet (cf, the observations in 1964 and 1 DBsI ), we can estimate the

. diet level at 8.4 pCi 8r-90/g Ca or 15,2 pCi Sr-90/day and 7, 9 pCi Cs-137/g
..K or.28 pCi Ce-137/day. The percentage of the daily Cs-137 intake with
food that is dxcreted per litre of milk bas been calculated at 30%, the ratio
M.U. in buman milk ooy g ang the OR gy-faluman milk . o 3
(ci. table 8.3.2). "
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Table 8.3.2

A comparison bewween Ce-~137 and Sr-90 levels in human milk
and diet collected in 1961-69

[Percentage of the i Ca-137, human milk
Period daily Ca-137 intake 51 e

lexcreted per litre

1“ milk
Nov, 61 -Mar. 62 - - .16
Mar. 82 32* 1.9* 0.18%
July-Sept. 62 - - 0.14
Sept.62 28 1t 0.08*
Dec, 63-May 64 14 0.9 0.15
May-Nov. 84 21 LT 010
Oct. 64 2" 2,3% 0. 09%
Feb, -Mar. 65 20 1.3 0.24
Jun, -Sept. 65 22 1.6 0.13
Oct, 65 st 11t 0.13%
Oct. -Dec. 65 23 1.7 .11
Apr.-May 86 1 1.2 0.15
May-Bep. 68 21 1.8 0.10
Oct, -Nov. 66 4 2.5 0.14
Apr. -May 67 8 0.5 0.13
Jure 67 15 0.7 0.08
Oct.-Dee, 68 18 i1 o2
Jan. -Apr. 69 21 1.8 0.24
May-Oct. 69 40 2.2 0.16
Mean 25 1.5 0.14
5.D. 1 0.5 0. 05
8.E. 3 ) 0.1 0.01
The diet levels were the means of zone VI and Copenhagen in tables 5. 7.1 Ilﬂ'u.'l.l')
except for * where the milk donor's diet was collected for one week and analysed.
In scme of the periods milk was obtained from more than one donor.

8.4.1. State Experimenisl Farms -

As fn the previous ye-r-'), the Y-batkground was msasured in March,
June, September, and Decemiber at ten State experimental furms, Fable -
8.4.1.1 shows the results, and table 8.4.1.2 gives the analysis of vprhw.
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Table8.4.1.1
Y-backg) at the State i farms in 1968 (kR/h)

Mar. June Sep. Dec. Mean
Tylstrup 4.8 5.1 6.2 5.4 5.4
Studsghsd 4.9 5.2 4.7 4.3 4.8
@dum 7.2 6.8 7.0 6.1 6.8
Askov 8.5 4.4 6.2 6.1 5.8
St. Jyndevad 4.5 [ 3.8 4.4 3
Biangstedgird 6.8 6.8 7.6 6.4 1.2
Tystofte 8.0 8.0 7.6 7.7 7.8
Virumghrd 1.5 6.8 7.3 1.0 7.0
Abed 41 4.6 1.9 6.5 5.8
Axickeby (8.2) 9.1 8.2 1.6 (8.3)
Mean 6.3 [} 6.7 6.2 6.3

Table 8.4.1.2
s of of the Y-backg; at the State farms in1969
(trom table 8.4.1.7)
Varistion s8D 1 o? * P
Between locations | 56.6841 9 | 6.2982 | 10.54 | >99.95%
Between months 1.6422 3 0.5474 0.92 -
Remzinder 15.5333 26 0.5974
n = 0.2
R/h .
¥ ’\ o——o Akirkeby
]

962 863 B, 65 188 1967 968 1969
Fig. 5.4, The Y-background at fhe Biate experimental farms, 1903-08,
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The variation between locations was highly significant (P) 99.95%). As in
the previous years, it was evidently not the fali-out that determined the
variation between locations.

Fig. 8,4 shows the Y-background ir four groups of sampling stations
since 1962, The fact that stations with a low fall-out rate and a high clay
content in the soil (Abed, Blangstedgird and Tystofte} show higher Y-levels
than stations with a high fall-out rate and a low clay content (but a high sand
content)l(smdsgird, St. Jyndevad and Askov) was discussed in Risd Report
No, 1547 7%,

8.4. 2. The Risd Environment

Y-bdackground measurements were performed in the five zones round
Risd in February, May, August, and November. The measurements were
carried out at the locations where grass and goil are collected (cf. figs.
3.1.2.1 and 8.1. 2, 2 (the coloured map)).

Table 8. 4. 2.1 shows the results and tables 8,4,2,2 - 8.4,2.6 the
analysis of variance,

Tabie 8.4.2.1

Y-backgmound (yR/h) in the five Zones around Risd in 1969
Risb zuae Location Feb. May Aung. Nov, Mean
{cf. coloured L.
- _map)

I 1 9.3 6.4 9.2 8.2 8.3
- 2 1.5 6.4 2.3 7.8 7.5
- 3 15.2 19.3 12.7 i9.9 16,5
- 4 9.0 8.6 10.0 9.1 9.2
- 5 (8.9) 8.3 9.2 9.4 9.0
Fean 10,0 9.8 9.9 10.7 10,2
11 1 6.0 6.1 8.0 6.7 6.7
- 2 7.8 6.4 9.2 o4 T3
d 3 6.6 5.8 7.1 6.4 % ]
- 4 T.2 1.6 8.3 Te6 ] TiT
Kean 6.9
m s 6.9
- 2 | 6,0
- 3 6.3
- 4 6.6
Noan 1 6.5 5.4 0.2 6.5 6.9
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Table §.4.2.1

Y-background {yR/h) in the five zones around Risd in 1969

RisD zone Location Feb. May Ang. Nov. Mean

{cf. coloured

map)
v 1 6.2 6.1 7.7 6.1 6.5
- 2 6.3 6.4 a.3 7.0 7.0
- 3 6.6 6.4 T.4 7.0 6.9
- 4 6.0 5.4 7.7 6.1 6.3
- 5 6.6 6.1 7.7 6.4 6.7
- 6 6.3 5.8 6.5 6.4 6.3
- 7 7.2 6.1 T.4 6.1 6.7
- 8 7.8 6.4 7.7 6.1 7.0
Hoan 6.6 6.1 7.6 6.4 6.7
v 1 6.6 6.4 6.8 6.1 6.5
- 2 6.3 6.4 T.4 6.7 6.7
- 3 7.2 6.4 5.9 6.4 6.5
- L3 6.6 6.1 7.4 5.8 6.5
- 5 7.5 7.3 - a.9 7.0 T.7
- 6 6.6 6.4 7.7 6.7 6.9
- 7 6.9 6.4 8.3 7.0 Tae
- a8 8.4 6.7 a.o 7.3 1.6
- 9 7.5 6.4 8.3 7.0 7.3
- 10 6.6 6-1 71 6.7 6.6
- n 7.5 6.7 1.7 7.0 7.2
- 12 7.8 6.4 8.0 6.7 T.2
Kean 7.1 6.5 7.6 6.7 7.0

Analysis of variance of the results from table 8.4.2.7, sone I Ris8

Variation =D 1 o v P
Betw. locations 212.9720 4 53.2430 | 16.03 | >99.95%
Betw. months 2.3313 3 0.7TT1 0.23 -
Remainder 36.5%07 | 11 3.3217

a = 0.18
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Table 8.4.2.3

i Analysis of variance of ths results from table 3.4.2.1, zone Il Risd

j Variation ssp [ ] @ 3

1
Betw. locaticns 3.7262 3 12421 3.42 -
Batw. months 7.0357 3 2.3452 6.45 >97.5%
Remainder 3.2m12 9 0.3635

8 = 0.09

Table 8.4.2.4

Analysis of variance of the results fram table 8.4. 2.1, zoce 1T Risd

Variation ssp t 2 o 13
Betw. locatins | 1.7286 3 | o512 | 3.1 -
Betw. months 9.0691 3 | s.0230 | 1630 | >99.9%
Remainder 1.6689 9 | o.ese
s =9.06
Table 8.4.2.5

Analyais of variance of the results from table 8.4.2.]1, zane IV Risd

Variation 1 - v P
Betw. locations 2,3466 1 0.3352 1.12 -
Betw. manths 10,6458 3 3.5486 | 16.17 | >99.95%
Remainder €.1022 21 0.1953
B = 0.07
Table 8.4.2.6

Amiysls of variance of fhe resuits from table 0.4.8.1, scue V Risd
Variation = 1 2 * P
Betv. locatioms 8,501

Betw, montim |7 55265

Rotwshuter T ST ]
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In all locations in zone I and in location 2 in zone II the Y-background
was increased because of the various radiation sources at the research
establishment. The weighted annual mean for zones III-V waz 6.9 yR/h,
i.e, a little higher than found for the State experimental farms in table
8,4.1.1, In zonel the surplus activity from the research establishment
was 10,2 - 6,9 = 3,3 yR/h (in 1967: 4.0 and in 1968: 3.9). A man working
in the open in the Risb area 40 hours a week for 45 weeks a year would thus
get a surplus dose of 6§ mR/year from the research establishment.

The background activity was highest in August (c¢f, 3.2.1 and 3. 3).

Y-background (xR/h) around & locatlon in Zealand in 1969

Zona and sector Jan. Apr. Tuly- Oct, Mean
A2 - 7.4 - 7.3 T.4
A3 6.6 - 6.5 - €.6
A4 - 9.4 - 8.2 8.8
45 5.4 - 7.1 - 6.3
A6 - 7.8 - 7.8 7.8
AT 7.2 - 7.4 - 7.3
18 - 7.4 - 7.0 7.2
49 T.2 - 7.7 - 7.5
¥enn 6.6 8,0 7.2 7.6 T.4
B1 - 7.2 - 7.0 7.1
B2z 7.5 - 7.4 - 7.5
53 - 8.1 - 7.6 7.9
B4 6.9 - 7.1 - 7.0
BS5 - 9.2 - 7.0 8.0
36 7.5 - 71 . 1.3
B7 - T4 - 7.0 T.2
B8 8.7 - 8.0 - 8.4
s 7.5 7.4 - 7.8 76
310 - - 2 ) - 7.3
Eoen | P T T T
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Table 8.4.3.1

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

2one and sector Jan. Apr. July Oct, Mean
c1 6.0 - 5.9 - 6.0
€2 - 7.4 - 6.7 Tl
c3 6.0 - 6.5 - 6.3
c 4 - T.4 - 7.8 7.6
es 7.5 - 6.5 - 7.0
c6 - 8.1 - 6.7 7.4
c7 7.8 - .7 - 7.8
ce - 7.2 - 1.6 7.4
LX) 6.9 - 7.1 - 7.0
c 10 - 7.4 - 7.8 7.6
¢ 1 0.7 - 7.1 - 7.9
€ 12 - 7.2 - 6.1 6.7
Hean 7.2 7.5 5.8 7.1 7.2
D1 - 8.7 - 5.8 7.3
D2 6.9 - T.1 - 7.0
D3 - 8.7 - 7.8 8,3
D4 6.9 - 6.8 - 6.9 .
DS - 1% - 1.8 7.8
D6 7.5 - 7.1 - 7.3
D7 - 1.2 - 7.0 7.1
D8 7.2 - 7.7 - 7.5
L) - 6.8 - 7.3 7.1
D 10 8.7 - 8.3 - 8.5
1 - 1.2 - 1.0 7.1
D12 5.4 - 5.4 - 5.4
Koan 7.1 1.7 1.1 7.1 7.3

8.4,3, A Location in Zealand

As it is important to have hwwledge of the preopera’dona.l rad:latlon- .
levele of a nuclear power phnt it was m’l 987 decided to mitht‘p wfh .
ts at a location in Zealandfand one m'Juunnd) be
Ral HuY twieha Bilt
used for nuclear power plants in the future,
The area around the location was divided into four zones: A, B, C, and
D, with radit of 5, 10, 15, and 20 ko respectively. The zones were uch :




84

divided into 12 30° sectors, sector 1 being from straight north and 30°
clockwise, sector 2 from 30 to 60° and s0 on. A measuring location was
thus determined by a zone letter and a sector number. Locations in the
sea were omitted.

Table 8.4. 3 shows the results. The annual mean for all locations was
7.4 yR/h. An analysis of variance (table 8, 4. 3. 2) showed no significant
difference between zones, but probably between sectors (P ) 97.5%).
Sectors 1 and 12 showed lower levels than the other sectors. April showed
higher levels than the other months.

Tabled.4.3.2
Analysis of variance of the regults in table 8.4.3.1
Effect Source sSD [} ? v P
Months 5.6829 2 2.8415 6.20 | >99.5%
Main Zones 1.1680 3 0.3895 | o.85 -

Sectors 11.4634 1 1.0421 2,28 | >97.5%

Mon. x Zoa, | 1.3162 6 0.219¢ | o.50

3-factor
inter- Zon,x8ec. | 8.4351 | 27 o.5224 | 0.m1
action

| Sec.xMon. | 4.3083 | 20 0.2154 | 0.49
Ifactor | (MonxZen | gase | 14 | o.a390

7 = 0.09
* Muin effects teuted against the total interaction
2-factor tented againat 3-factor

8.4.4. A Location in Jutland

Table 8, 4. 4 shows a similar investigation as in 8, 4. 3 for a location in
Jutland. The annual mean for all locations was 7.2 yR/h, i, e, nearly the
same a9 in 1967 and 1968, An analysis of variance showed higher levels in
April than in the other monthe, Sector 9 showed levels probably lower than
the other sectors, . LT




Tubie 8.4.4.1

Y-background GR/R) arcusd ¢ locstion In Jetland in 1968

Zone and sectar April July [ Mgmn
Al - 7.1 - Tl
A2 8.7 - 1.8 8.7
[ - 7.8 - 7.8
A4 5.5 - 6.1 5.8
45 - 7.5 - 7.5
a6 5.8 - 6.4 6.1
a7 - 7.1 - 7.1
a0 6.8 - 6.4 6.5
A9 - 6.9 - 6.8
110 7.8 - 6.7 1.3
An - 7.8 - 7.8
12 8.7 - 7.3 8.0
Eean 7.2 7.4 6.8 7.2
21 6.4 - 7.3 7.9
»2 - 7.5 - 7.5
23 T4 - 7.6 7.5
B4 - . 6.5 - 6.5
33 8.4 - 7.3 7.9
36 - 7.8 - 7.6
37 7.8 - 7.3 7.5
»a - 7.1 - T.1
29 6.8 - 7.0 6.9
310 . 6.8 - 6.8
311 7.8 - T3 T8
» 12 - 1.5 - 7.5
Kean 7.8 1.2 7.3 1.4




Table8.4.4.1

Y-background @R/h) around a location in Jutland in 1869

Zoue and sector April July Oct. Mean
c1 - 6.8 - 6.8
¢z 8.4 - 7.3 T.9
c3 - 5.8 - S8
c 4 8.4 - 7.8 8.1
(] - 6.5 - 6.5
[ ] T.4 - 6.4 6.9
cT - 7.8 - T.8
ce 1.8 - 6.7 Te3
(] - 5.8 - 5.8
c 10 6.8 - T.0 6.9
tn - 6.2 - 6.2
¢ 12 8.1 - T.3 TaT
Rean 7.8 6.5 7.1 7.0
D1 8.1 - T T.0 T.6
b2 - 6.8 - £.e
D3 T.4 - 1.3 T.4
D4 - 7.1 - Tel
5 6.5 - 6.7 6.6
D6 - 6.8 - 6.8
D7 7.8 - 7.3 T4
bDe - 6.2 - 6.2
29 T4 - 6.4 6.9
10 - h.& - 6.5
513 Ted - T.0 Te2
D 12 - 6.5 - 6.5
Eean Ted 6.7 T.0 T.0




Analysis of variance of the results in table 8.4.4.1

Effect Source SSD ! 8 v’ P
Months 5.4514 1 ] 5.4514 ] 14,75 § »99.95%
Main Zones 1.6121 3 | o.5374 | 1.45 -
Sectors 8.0460 1 0.7315 1.98 95%
Mon.x Zon | 0.3493 3 | 01164 | o.49 -
2-factor
inter- Zon.x Sec. | 13.6284 33 | 0.4130 | 1.75 -
action
Sec.x Mon. | 1.6404 10 | o.1640 | o.69 -
S-factor | Mon. xZem, | 2.3657 10 | 0.2366
interaction | x Sec.
n =007
{cl. remarks to table 8.4.3.2)

8,4.5. The Coasts of the Great Beit

The Great Belt is a main shipping route for international traffic throuéh
Occasionally this waterway will be passed by
nuclear ships. An environmental Y-survey of the coasiline along the Great
Belt has therefore been initiated. Table 8,4,5.1 shows the results and
table 8.4, 5. 2 the analysis of variance. The levels were a little lo;g; than

the inner Danish waters.

those found in other parie of the country, The annual mean was 8.0 pR/h.
It is remarkable that the lowest Y-background levels are found near the
sea. This was also the fact in the case of sectors 1 and 12 in 8.4. 3 and of

i sector 9 in 8.4.4.

Table 8.4.5.1

The Y-background (sR/h) along the coasts of the Great Balt in 1969

Location Feb. May Aug. Nov, Moan
Agerss 6.0 4.5 5.9 6.4 5.7
Oms 5.7 I8 5.9 6.1 5.3
Resnes 5.7 4.5 6.7 5,5 3.6
Reersy

Halskov

Sprogs

Knudsboved

“Pyos Bevas.

Hov, Langsinad

ez
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Analysis of variance of the results in table 8.4. 5.1

Variation SSb 4 |2 va P
Betw. locations 8.9147 1 1.2735 6.28 399.95%
Betw. maondb~ 11.76800 3 3.9267 19.37 299.95%
Remainder 6.0805 30 0.2027

7 = 0.08

9. CONCLUSION

9.1. Risd Environmental Monitoring

No radioactive contamination of the environment originating from the
operation nf the research establishment was ascertained outside Ris® in
1969. As in the previous years, the variations in contamination levels were
quite independent of the distance of the sampling 16cations from Risd.

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

The mean content of Sr-90 in air collected in 1969 was 0. 0014 pCi
Sr-90/m3, i.e. equal to the 1968 level. The average fall-out for the State
experimental farms in 1969 was 1.0 mCi Sr-90/km? or 40% lower than the
1968 figure, and the mean concentration of Sr-90 in rain water was 2, 2 pCi
Sr-80/1, i.e. nearly equal to the 1968 level.

The accumulated fall-out by the end of 1969 was approx. 50 mCi Sr-90/
xm?,

The median level of Sr-90 in Daiish ground water was 0. 017 pCi Sr-90/1,

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

9.3. Sr-950 and Cs-137 in the Humen Diet

The mean level of Sr-80 in Danish milk wae 7.2 8. U,, and the meen
content of Cs-137 was approx. 16 pCi Ce-137/L

The 1969 Sr-80 and.Cs-137 Jevels were 85% of the levels found in milk
produced tn 1968, e

i
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The Sr-90 mean content in grain from the 1969 harvest was 44 pCi
Sr-80/kg. The Cs-137 mean content in grain was 40 pCi Cs-137/kg. The
Sr-90 level in grain from the 1969 harvest was approx. 10% lower than the
level found in the 1968 harvest, and Cs-137 was approx. two thirds of the
1968 level.

The mean contents of Sr-90 and Cs-137 in Danish vegetables collected
in 1969 were 13 pCi Sr-90/kg (33 S.U.) and 6.4 pCi Cs-137/kg respectively,
and in fruits 2. 6 pCi Sr~90/kg and 11 pCi Cs-137/kg; potatoes contained
3.9 pCi Sr-90/kg and 7 pCi Cs-137/kg,

The mean levels of Sr-90 and Cs-137 in total-diet samples collected in
1969 were 9.0 S. U, or 15, 8 pCi 5r-90/day and 28 pCi Cs-137/day respect-
ively. From anzlyses of the individual diet components the Sr-90 level in
the Danish average diet was estimated to be 8.3 S, U. and the Cs-137 intake
to be 38 pCi Cs-137/day. The Sr-90 and Cs-137 levels in the Danish total
diet consumed in 1963 were nearly equal to the 1968 levels.

Grain producte contributed 36% and milk products 38% to the total Sr-30
intake, and 30% of the Cs-137 in the diet came from meat, 28% from grain-
products and 19% 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 bone (vertebrae} collected in 1969 was
1.2 8. U. in new-born children, 1,8 8, U, in infants, 1.9 S.U. in children
and teen-agers, 1.4 S, U. in adulta (20 - 29 years old) and 1.3 S. U. in adults
of more than 29 years, The 1969 bone levels for all age groups were lower
than the 1988 levels,

The mean content o Cs8-137 in the human body in 1969 was estimated
from whole-body countings to be 5. 8 nCi (40 pCi Cs-137/g K), i. e. approx.
85% of the 1968 level,

9.5, Sr-90 in Sea Water~

The mean content of Sr-90 in the izner Danishi waters was lnrox. 0.8
pCi 8r-90/1in IDBD, L.. nearly the game as the 1088 aod. lmhd-ll

9.6 gev Bagkground.
ki 3 4

The Y-background m.ﬁnrd it e grati
was 6.8 gR/h,

, l
jnm
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9.7. Summary

The Chinese thermo-nuclear test explosions in 1867-68 have stopped
the rapid decrease of the environmental Sr-90 and Cs-137 levels observed
in the first years after the test moratorium.

The concentrations of long-lived fall-out nucleides in ground-level air
and precipitation collected in 1969 were nearly equal to the levels found in
1968,

In milk produced in 1969 the Sr-90 and Cs-137 levels were a little
lower than the 1968 levels, In grain from 1969 the levels were somewhat
lower than the 1968 concentrations, but nearly equal to the 1967 concentra-
tions.

The Sr-90 and Cs-137 levels in the total diet consumed in 1968 were
nearly equal to the 1968 concentrations.

The Sr-90 rations in bone were lower in 1969 than in 1968,
APPENDIX A
Calculated Fll-out in the Eight Zones in 1869
mm mCi §r-90/km?| Accumulated
Zone precipitation tn1889 | mei 9r-90/kn?
n 1969 by the end of 1969

I: N. Jutland 612 1.8 53
o E. Jutlend 600 1.4 40
Hl: W, Jutland ns 1.5 59
Iv: 8. Jutland az0 1.3 80
v: Funen 983 0.8 41
Vi Zealand 469 1.2 40
VI:  Lolland-Falster 5t8 0.7 80
VII: Bornhohn 494 1.8 “
Arsa-weighted mean 800 1.4 49
The v of ‘were from ref, 6. The fall-out rate
in 1060 was calcalated from table4. 1.1 {(Askov was incleded in botd sons
11 end cone IV) and from the amounts of precipiteiion in the sones, The
accumulated fall-out in the zomes was calculated from tables 4, 2,1 and
4.1.1 on the assumption that the 8r-00 soll levels on the faims ware re-. |
presentative of the sones in which the farms were located,
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APPENDIX B

Statistieal Information

; Areain | Population |Anmual mille | Anmual wheat | Annual rye lAnmualpotato { Vegetabie®® | Frute ared
H Zons km2 in th d producti P p areain in km?
| N 14) 14) 1963| in mega-kg | in mega-kg in mega-kq |in mega-kg km 18) 1861
: : 16) 1967 |14) 1986 | 14) 1986 | 14) 1086 |18) 1981
? T, 544 515 .17
7,39 T84 1,380
. 4 &0 853 24 18
o jm: o W, Jotioed 10,764 878 076
Jfm - s, suane 3,984 230 515
My roe 3,482 azs an4 % 38
Fiv: T Zeaand 7,842 | 2,085° 804
e 308 56 118
VI Lollsnd-Falster | 1,753 129 o 9 s
2 { v Homliolm 588 a8 62
fomt 43,020 | 4,788 s, 244 400 136 972 a8 101

R T e i

@4

16
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APPENDIX C

The agreement between cbserved and predicted levels is acceptable for

most samples, Grain is an ption; the exp tion has been given in 5. 3.
The predicted Sr-90 levels in milk, total diet and human bone are all higher

than the observed levels, perhape owing to a more rapid decrease in the
availability of old Sr-90 from soil than in more recently deposited Sr-90.
Allowance for this decreasing soil uptake could possibly be made by the
introduction of an exp tial correction term to the sail factors in the

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

<orrection.
Appendiz €
A comparison between cbserved and predicted levels
in the baman food chain in Denmark in 1969
- Cb- Pre- .
Nuclide and sample served] dicted] Equation used for the prediction
8. U. in milk 1.2 8.8 |5.U.=0.924(f) + 0.61d{i-1)+ 0.13 A by(i-1)
M, U. in milk 8.7 9.1 | M. =3 65d01)+ |.suﬁ-li+ 0.057 A by{i-1)
S.U. in rye 89 102 |S.U. =192 d{j-a) + 0.91 A by{i-1)
8.U. in barley [ 84 [5.U. = 134 d{j-a) + 1.05 A by{i-1)
8.U. in wheat [ 14 |8 U. =157 dj-a) + 1.30 A by{i-1)
5. U. in oate “ 57T  {S.U. = 87 d{j-a) + 0.72 A by{i-1)

pCi Cs-137/kg rye 59 77  [pCi C=-137/kg = 136 &m-a)

PCi Cs-137/kg barley | 53 60 | pCi Ca-137/kg = 97 d(m-u)

pCi Co-137/kg wheat | 38 §3 | pCi Cu-137/kg = 86 d{m-a)

pCi Co-137/kyg cats # 49 | pCi Cs-137/kg = 80. 5 d{m-a)

pCi 8r-90/kg potatoes 3.9 3.4 |pCi Sr-90/kg = 0.17 4(j) + 0. 058 A by{i-1)

PCi Cu-137/kg potetoesy 7 8 1pCi Ce-137/kg = 5.45 dli)

pCi 8r-50/kg cabbage | 10 13 pCi Sr-80/kg = 0. 44 a{i) + 0,24 A by({i-1)

PpCl Sr-90/kg carrots | 17 15 {pCi Br-90/kg = 0.58 &) + 0. 37 A by(i-1)

PpCi Co-137/kg beef 4] ] PCi Cs-137/kg=34, 9 &{i}+ 2. 8A{1-T)}+0. 64 Aby(i-1)
PCl Cs-137/kg pork 6 76 |pCi Cs-137/kg34. 8 4{i)+ 22, 4 i-1 10,15 Aby(i-1
8.U. in dist 8.0 9.5 [8.U. = 0.82 aft) + 1.41 4{1-1)+ 6.1 24 Aby(i-1)
pCi Ca-137/day iu diet | 38 0 PCi C3-137/day= 7, 84(1)+ 11. 6 d(i-1}+8.54(1-1)
8.1. in newbora bane 1.3 1.4 S.U.'O.l.l&g'_—u'..oﬂ d(1-3)+0. 021 Aby(i-1)
8.U. in sfult vertebrae! 1.3 1.8 |8.1,=0. 0245 105 0. 059 d(5-2)+ 0, 032 Abyli-1)
M.V, hlﬁuw 40 4‘0 . H,U.;l.lﬁ.lﬂhli' 0.48 Aby(i-1)

The prediction models wers calculated from data collected 1963-64'5),

4 1s the fall-cut rate in mCi Sr-90/km’. A is the accumulated fall-out in mC18r-00/km?
£) 0 the curremt year, (11) the year before eto, fi-a) i» July-Auguet end {m-a) 18
Kay-Angast,
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