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ENVIRONMENTAL RADIOACTIVITY IN DENMARK IN-1977

A. Aarkrog, L. Bgtter Jensen, H. Dahlgaard, Heinz Hansen,
J. Lippert, S.P. Nielsen and Karen Nilsson

ABSTRACT

Strontium-90 was determined in samples from all over the
country of precipitation, ground water, sea water, grass, dried
milk, fresh milk, grain, bread, potatoes, vegetables, fruit,

9OSr was determined

total diet, and human bone. Furthermore,
in local samples of air, rain water, grass, sea plants, fish,
and meat. Cesium-137 was determined in soil, sea water, milk,
grain products, potatoes, vegetables, fruit, total diet, fish,
and meat. It was also measured by wholebody-counting of a
control group at Ris¢ Health Physics Department. Estimates of
the mean contents of radiostrontium and radiocesium in the human
diet in Denmark during 1977 are given. The y-background was
measured regularly by TLD, ionization chamber and on site y-
spectroscopy at locations around Risg, at ten of the State
experimental farms along the coasts of the Great Belt and around
Gyllingnas. The marine environments at Barseback and Ringhals

were monitored for 137 60

6SZn, 54Mn). Results of plutonium determinations in soil and

Cs and corrosion products (SBCO, Co,
sediments from 1977 are presented in this report. Tritium was
determined in groundwater and precipitation. Finally the report
includes routine surveys of environmental samples from the Risg

area.
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ABBREVIATIONS AND UNITS

FP
£Ci
pCi
nCi
mCi
MPC
com
dpm
cph
uR
S.U.
O.R.
M.U.

nSr

eqVv. ugu

eqv. mg KCl

fission products Samples:
femtocurie lo.lS Ci

picocurie, 10.12 Ci, uuCi H: sea water
nanocurie, 1072 Ci, muCi J: soil
millicurie, 1073 ci L: air

maximum permissible concentration B: bed soil

counts per minute A: eel
disintegrations per minute PG: grass

counts per hour PH: sea plants
micro-roentgen, 10-6 roentgen D: drain water
pCi sy (g ca)~t S: waste water
observed ratio R: precipitation
pci 137cs (g x)7L M: milk
vertebrae

male

female

natural (stable) Sr

equivalents ug uranium: activity as from 1 uyg U
(~90 dph)

equivalents mg KCl: activity as from 1 mg KCl
(0,88 dpm)

: ]/Z(Q-xi)z
standard deviation: —

X(E?xi)z

standard error: Y]

upper control level

lower control level

one standard deviation due to counting
sum of squares of deviation: Z(i-xi)z

degrees of freedom

variance

ratio between the variance in question and the

residual variance



P probability fractile of the distribution in question
n coefficient of variation, relative standard deviation
annova analysis of variance

A relative standard deviation 20-33%

B relative standard deviation >33%, such results are

not considered significantly different from zero
activity
B.D.L. below detection limit

In the significance test the following symbols were used:
* : probably significant (P > 95%)
** : gignificant (P > 99%)
**3*: highly significant (P > 99.9%)






1. INTRODUCTION

1.1.

The present report is the twenty-first of a series of periodic
reports (cf. ref. 1) dealing with measurements of radioactivity
in Denmark. The organization of the material in the present
report has been altered compared to previous reports. After
the introduction and a chapter on organization and facilities
there follows a chapter on enviromnmental monitoring around
nuclear facilities (Ris¢, Barsebdack and Ringhals). Chapter
four deals with fallout nuclides in the abiocic environment,
i.e., air, water and soil. Chapters five and six comprise
fallout nuclides in the human diet and human tissues, respect-
ively. Chapter seven is devoted to environmental tritium
studies. Plutonium and americium in environmental samples are
treated in chapter eight, and external radiation in chapter
nine. The names of the authors of each chapter appear at its
head.

1.2.

2-4) ,na the statistical
are still based on the principles

established in previous reportsl).

The methods of radiochemical analysis

treatment of the result5512)

1.3,

The report does not include detailed tables of the total 8-
measurements originating from the environmental control of the
Risp site., These tables are available in the form of micro-
cards at the Risg library.
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1.4.

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

1.5.
In 1977 the personnel of the Environmental Control Section of
the Health Physics Department consisted of two chemists, one
biologist, ten laboratory technicians, two sample collectors,
and two laboratory assistants. The Section for Electronics
Development continued to give assistance with the maintenance
of counting equipment, with the interpretation of y-spectra
and with data treatment. The program (cf. 2) used in the cal-

90

culations of Sr and the y-analysis, as well as the program

for data treatment, were developed by this Section.

1.6.

The composition of the average Danish diet used in this report

is identical with that proposed in 1962 by Professor E. Hoff-
Jergensen, Ph.D.
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2. FacILITIES1 6-7.8)

by J. Lippert

2.1. Detectors

The activity of the samples is measured as follows:
239 241

Alpha { Pu, Am): 10 solid-state surface barrier detectors
connected to three multichannel analiyzers (64 channels per
detector).

Beta (9°Y mainly): S low-level gas-flow Geiger counters, 4 of
them provided with automatic sample chambers.

Garma (natural and fallout isotopes): 5 Ge(Li) detectors in lo
cm lead shields and connected to five 10z4-channel analyzers.
One further Ge(Li} detector mounted on a tripod and a 4096-
channel analyzer are used for field measurements, and a 8" x 4"
NaI(Tl) in an underground shielded room is used for whole-body
counting.

2.2. Data treatment

Measured spectra are evaluated directly on a desk-top calculator
or transferred to a Burroughs B6700 computer.

A program system STATDATAIG) is developed for registration and
treatment of environmental measurements including multichannel
analyzer spectra. To date, approximately 40 000 sets of results
have been registered covering the period from 1957,
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3. ENVIRONMENTAL MONITORING AT RIS@®, BARSEBACK AND RINGHALS
IN 1977

by H. Dahlgaard

3.1. Gross B-activity at Risg

3.1.1. Sea water

Fig. 3.1.1.1 shows the sample locations in Roskilde Fjord. Fig.
3.1.1.2 shows the control chart for H I. The yearly mean for

H I in 1977 was 60 egv. mg KC1l (2.5 g)-l (in 1976: 58), for

H III-VI: 60 eqv. mg KCl (2.5 g)-l (in 1976: 55) and for HVII-X:
60 eqv. mg KC1 (2.5 g)~1 (in 1976: 55). Fig. 3.1.1.3 shows the

mean levels of radioactivity in sea salt since 1957.

52E S56'E 12°E 4'E 56°E 12°E 4L'E 8
55058'N 55948'N
55956°N 55°%6°N
55954’ N 55%4'N
55052'N 55942’N
55950'N 55°40°N

Lttt 24Y s5og'N L1 55°38'N

5000m

Fig. 3.1.1.1. Roskilde Fjord.
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Pig. 3.1.1.2. Control chart for HI, 1977.

3.1.2. Soil

No soil samples from the environment of Ris¢ were measured for
total g-activity in 1977.

3.1.3. Air

Fig. 3.1.3.1 shows the diagram for FP activity in air samples
in 1977. The mean value for the year was 0.22 eqv. mg KC1 m >
as compared with 0.15 eqv. mg KC1 m > in 1976.

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

3.1.4, Sediment samples from the fjord

The mean activity in sediment B I was 162 eqv. mg KCl1 (3.0 g
ash)™! in 1977 as compared with 137 eqv. mg KC1 (3.0 g)~} in
1976, Fig. 3.1.4.1 shows the mean levels for B I since 1957
(cf. also 3.4).
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Fig, 3.1.2.1. Sampling locations at Risg National Laboratory.

2 each), ionexchange

1-5: locations for rainbottels (0.03 m
collumns (0.06 m? each) and grass samples. 1-V: sampling
locations for drainige water. §: sewage water, R: 1 mz daily

raincollector, X: 9 m2 monthly lonexchange raincollector
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Fig. 3.1.3.2. Mean radioactivity in air, 1957-1977.

3.1.5, Fish
No fish samples from Roskilde Fjord were measured for total
B-activity in 1977.

3.1.6. Grass

The mean values were in 1977 for PG I: 23 eqv. mg KC1 (0.1 g
grass ash) "l (in 1976: 15), for PG II-III: 22 eqv. mg KC1 (0.1
g)-1 (in 1976: 20) and for PG IV-V: 19 eqv. mg KCl (0.1 g)-l
(in 1976: 10). Fig. 3.1.6.1 shows the mean activities in grass
ash since 1957.
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Fig. ).1.4.1. Mean radicactivity in sediment samples (BI),
1957-1977.

3.1.7. Sea plants

The mean FP level in 1977 in Fucus vesicolosus (PH I) was 6 eqgv.
mg KC1 (0.1 g ash)™} (2 in 1976). In Zostera marina (PH III-
IX) we found 4 eqv. mg KC1 (0.1 g ash)™! in 1977 (2 in 1976).

3.1.8. Fresh water

Fig. 3.1.8.1 shows the control chart for S (cf. fig. 3.1.2.1).
The yearly means for D I, D II, D IV, and S in 1976 were 57 eqv.
mg KC1 11 (1976: 17), 19 eqv. mg Kcl 171 (1976: 19), 16 eqv.

mg KX1 1-1 (1976: 42), and 52 eqv. mg KC1 1”1 (1976: 46) respect-
ively. Fig. 3.1.8.2 shows the activity in drainage water (D)

and sewage water (S).
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Fig. 3.1.6.1. Mean FP-radiocactivity in grass ash, 1957-1977.

3.1.9. Rain water

Figs. 3.1.9.1 shows the total fallout from rain water collected
daily at Risg in 1 m2 rain collector in 1977. The total fall-
out in 1977 was measured at 0.023 - 10° eqv. mg KCl m~2, and

the annual mean concentration in rain water at Risg was 76 eqv.

mg KC1/1. In 1976 tne corresponding figures were 0.014 - 106
and 42 respectively.

Fig. 3.1.9.2 shows the specific activity in rain water since
1957.
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Fig. 3.1.8.2. Annual total-f mean levels in waste water (s)
and drain water (D) collected at Rise 1958-1977.



10000
5000
2000

'€

£ 1000

o

£

>

g
500
200
100

- 22 -

1 T T T T I T 1 I i 1}
- -
- -
— —
- -
- -

1 | | 1 1 | I i 1 l 1

J FH AMIJ J A S OND
MONTH
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Fig. 3.1.9.2. Specific activity in precipitation, 1957-1977.

3.2. Marine environmental monitoring at Barsebick and Ringhals

Radiological monitoring of the marine environment around the
two nuclear power plants at Barsebdck and Ringhals in Sweden
{Risp Report No. 361)1) was continued and expanded in 1977.

Figures 3.2.1 and 3.2.2 show the sampling locations.

This programme will be continued from 1978 in collaboration with
the Department of Radiation Physics of the University of Lund

as part of a general study of bioindicator systems for moni-
toring radioactive pollution of the marine environment.
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Fig. 3.2.1. Sampling locations at Barsebick.

3.2.1. y-emitting radionuclides in brown algae

Benthic brown algae are widely used as biological indicators of
radionuclide as well as of stable metal pollution. The reason
for the use of, e.g., Fucus as a biological indicator is that
this organism concentrates the metals in question and loses

17,20) that Fucus takes
20)

them slowly. It has been demonstrated
up Zn to a concentration factor of the order of 10‘. Young

6SZn from Fucus serratus over a period of

detected no loss of
100 days. Thus, by sampling Fucus instead of water, the limit
of detection is lowered and the fluctuating levels of radio-

nuclides are, so to speak, integrated over a cer*ain period of

time in the algae.
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Fig. ).2.1.1. 1l%28-channel Ge(Li) «-spectrum. Fucus vesiculosus
cnllected at Barsebick, location 24, October 22th 1977,

Tables 3.2.1.1 and 3.2.1.2 show the radionuclide concentration
found by y-spectrometric analysis in brown algae at Barseback
and Ringhals in 1977. The decrease in concentration with dis-
tance from the outlet is pronounced and simjilar for 58Co, 60Co,
>4 652n (Fig. 3.2.1.2). Data on 110 mAg are few but in-
dicate the same trend. Minor amounts of S‘Hn were created in
the Chinese test series (cf. 5.3). Fucus serratus sampled at
Sjallands Rev (55° 58 N, 11° 22° E) on November 29, 1977 showed
a >%Mn content of 12 pCi kg~ ! (fresh weight), however, this
background activity did not influence the S‘Hn levels measured
around Barseback and Ringhals significantly (cf. tables 3.2.1.1
and 3.2.1.2). 952r and 1311 show no decrease with distance

from outlet, which indicates their origin as fallout from the

Chinese bomb-tests; 137Cs originatez from fallout and from Wind-
scale. The y-counting of 137Cs is disturbed by high 110 mAq
levels and natural radioisotopes. The marked difference at
Barseback between the sampling locations north and south of the
outlet was expected because of the predominant north-bound

surface current.

| SR S S S LIS G0 SRR S0 SR.SN S 200 S0 N SR SRR SLAD SN SRR BN ELA

58Co

_illllAlAllL*JAlllALlALJ]



Table 3.2.1.1.

fresh weight)

Gamma-emitting radionucljdes in Fucus vesiculosus collectcd at Barsebick in 1977 (Unit: pCi kg~

1

Date of 15 June 22 October 6 December
sampling

Station®* 22 24 25 26 21* 23* 22 24 25 26 21¢ 23* 22 24
No.

Distance

£rom 0.6 1.4 2.9 4.0 L.5 2.8 0.6 1.4 2.9 0 1.5 2.8 0.6 1.4
outlet

in km

60co 3,790 2,540 €09 285 182 164 | 29,600 11,200 4,070 2,320 2,130 1,190 | 30,500 13,400
58¢, 2,490 1,450 394 196 33 32 | 8,710 3,150 1,130 694 576 340 | 5,710 2,560
4% s 387 108 60 33 32| 1,660 585 248 136 157 61 | 1,840 757
$53n 851 557 164 B2 S4 B2 | 7,480 2,690 989 530 476 299 | 7,840 3,270
llom, 67 A 4B 123 - - = 161 129 91 - 75 - 302 -
Sler 144 B 2B - = - = - - - - - - - -
137, 57 47 91 82 80

131, 51 A VA - - - = - 12 57 98 118 87 - -
Bar 234 132 115 372 211 173 - - 107 150 115 126 - -

*South of the outlet,
*scf. Pig. 3.2.1.

- 92



Table 3.2.1.2.
Ascophyllum nodosum (As.no.) collected at Ringhals in 1977

Gamma-emitting radionuclides in Fucus vesiculosus (Fu.ve.), Fucus serratus (Fu.se.) and

Date of 7-9 July 10 November

sampling

Station®® 7 6 S 8 12 10* 9 11°* 13°* 7 6 5 8 12 9*
No.

Species As.no, Fu.ve, Fu.se, Fu.ve, Fu,ve, Pu.se. Fu.se. Fu.se. Fu.se.]|As.no. PFu,se, Fu,se, Fu,ve, Fu,ve, Fu,se,
Diatance

from 0.2 1.9 4.1 8

outlet 0.2 1.9 4.1 4.8 6.3 0.9 1.1 1.9 4.1 . . 4. 6.3 1.1
in km

6DCo 4,320 892 492 400 237 2,440 1,150 1,080 152 4,940 1,460 852 257 246 1,880
58Co 9,480 1,270 1,160 908 592 3,260 2,380 2,390 213 1,890 645 470 147 139 1,020
S‘Hn 1,670 525 152 151 102 505 19 318 48 272 193 113 61 58 243
52 576 15 88 56 - 503 289 204 45 A6,260 2,500 1,030 439 264 2,750
110m, ., - - - - - - - - - 422 - SO A - * - 94
51cr - - - - - - - - - 1,040 - - - - -
137c: 85 53 44 58 74 43 as 44 49 - 103 64 72

134c4 132 248 28A 19 - 58 2 36 - - - - - - -
1311 - - - - - - - - - - - - 18 A - -
952: 294 859 488 522 920 244 420 236 726 118 128 101 120 178 111

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

**Cf. Fig.

3.2.2.

Le
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Fig. 3.2.1.2. y-emitting radionuclides in Fucus vesiculosus
collected at Barsebdck in October 1977 (cf. Table 3.2.1.1).
Unit: pCi kg-1 fresh weight. A linear regression analysis of
1n activity concentratior normalized to unity against ln
distance north from the outlet reveals that for radiocobalt
54Mn and 6SZn the fall in activity concentration with distance
north from the outlet can be described by a power function

pCi kg™ = k » x"1+33 unere k 15 a constant and x is distance
in km. The corresponding data from June give an exponent of
-1.26.
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In 1977 no radioactivity originating from the power plants was

detected in water samples.

In order to relate the concentrations of the different isotopes

in the brown algae to the actual controlled discharge, cal-

culations are made of the decay-corrected transfer factor and

the normal transfer factor.
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The decay-corrected transfer factor, DTF

The decay-corrected transfer factor DTF is an aid in the evalu-
ation of bioindicators. The two cobalt isotopes with very dif-
ferent halflives make it possible to estimate the length of
time over which the bioindicators integrate the discharge, i.e.,
to estimate the period of time from which the discharges are
represented in the samples. The DTF values also make possible
a comparison of the different nuclides irrespective of dif-
ferences in halflife, i.e. a comparison of relevance to the
stable metals too.

The decay-corrected transfer factor for an isotope, e.g. 65Zn,
is calculated as:

5

Zn) = (pCi (m months)kg™ T mci~1)

6
DTFm( i ~A(i=3)
I D.e ‘173
J

where

A, = activity of the specified isotope (pCi kg-1

weight) in algae sampled in month no. 1i.

fresh

= sampling month number

= number of months included in calculation

number of a specific month

3 = discharge of the specified isotope (mCi) in month no.j.

= radioagfive decay constant of the specified isotope
{month *)

> O uwu 3 =
]

If the sampling date is not the last day of the month, a cor-
rection is made assuming uniform distribution of the discharge

over the sampling month. Decay corrected transfer factors for,

65 60

e.g., Zn normalized to DTFm { Co) are calculated as:

65
DTF_ ("~Zn)
DTF (%32n) = —B

m,n DTFm (60Co)

Figure 3.2.1.3 shows DTFm n values as a function of m.
14
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Fig. 3.2.1.3.DTFm’n(cf. text for explanation) as a function of
the number of months, m, in calculation. Estimation of M

indicated. Fucus vesiculosus, Barsebdck, location 24, June 15th
1977,

Table 3.2.1.3, Fucus vesiculosus collected at Bargebick in 1977 north of the outlet.

Decay~-corrected transfer factors DTFM (see Fig. 3,2.1.3, and the text for explanation).

(Unit: pCi (M months) kg.1 mCi-l)

Date of sampling 15 June 22 October 6 December
Location No,* 22 24 25 26 22 24 25 26 22 24
Distance from 0.6 1.4 2,99 4.0 0.6 1.4 2.9 4.0 0.6 1.4

outlet in km

M months 7.0 7.5 7.0 6.5 10.7 10.7 10,7 10.7 | 13,2 11.2
ore, *0co 49.60 28.03 7.98 4.33 | 54,49 20.61 7.51 4,27 | 42.95 19.84
orr, %o 50,00 28.06 7.90 4.07 | 58.24 21.09 7.54 4.64 | 44.01 19,89
ore, 52,53 38.77 12,20 7.61 | 49.32 17,33 7.34 4,04 | 42.02 18,14
ore, %%2n 52,41 30.77 10,10 5.57 | 59,37 21.32 7.85 4.21 | $3.30 22.81
ore, 110 8.16 - 1.50 - 10.89 3.90 2,74 - 6.40 =
ore, °ler 10,20 - - - - - - - - -

*Cf, Fig. 3,2.1.
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Table 3.2.1.4. Fucus vesiculosus collected at Barsebdck in 1977 north of the outlet.
Decay-corrected transfer factors DTF, . (cf. Table 3.2.1.3.) normalized to wCo

Date of sampling 15 June 22 Octaber 6 December
Location No.* 22 24 25 26 22 24 25 26 22 24
Distance from

et e i 0.6 1.4 2.9 4.0 0.6 1.4 2.9 4.0 0.6 1.4
M Months 7.0 7.5 4.0 6.5 | 10.7 10.7 10.7 10.7 | 13.2 11.2
80y 1.00 1.00 1.00 1.00 | 1.00 1.00 1.00 1.00 | 1.00 1.00
58co 1.00 1.00 1.01 0.94 { 1.07 1.2 1.00 1.09 | 1.02 1.00
4w 1.05 1.38 1.54 1.76 | 0.91 0.84 0.98 0.95| 0.98 0.91
652n 1.05 1.10 1.28 1.29 | 1.09 1.03 1.05 0.99{ 1.24 1.15
110m, . 0.16 - 0.18 - 0.20 0.19 0.37 - 2.15 -
Sl 0.20 - - - - - - - - -

*cf. Fig. 3.2.1.

60 58

Considering the two cobalt isotopes Co and Co, it is seen
that as earlier discharges are considered in the calculation,
the DTF, (58Co) value rises from below to above the DTFm (6°Co)
58Co decays more rapidly than 60Co
(T% 71.3 d. and 1922 d., respectively) thus making old 58Co

discharges without importance in the DTF calculations.

value. The reason is that

Now, assuming that the two cobalt isotopes discharged are so
similar in physicochemical form that Fucus cannot distinguish

between them, then the number of months (m=M) for which D'I'Fm
60 58
(

Co) = DTF, (7 °Co) is the number of months from which radio-
cobalt discharges are represented in the Fucus sample. 1In-
cluding more than M months in the discharge calculation makes
prr_ (%0co) < prE_ (°8 60

algae are considered in the calculation.

Co) as Co discharges unrepresented in the

Tables 3.2.1.3 and 3.2.1.4 show the DTFM and DTFM n values ob--
’

served in the different Fucus samples from Barsebdck. In cases

60 a 58

where the DTFm values for Co an

Co cross sharply (see Fig.
3.2.1.3), the cross-points indicate the number of months (M),
but in samples from October and December (see Fig. 3.2.1.4),
where there is no sharp interception, M is chosen at the point

where DTE’m (58Co) rises above the DTFm (60Co) curve.
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Fig. 3.2.1.4. DTFm n (cf. text for explanation) as a function

’
of the number of months, m, in calculation. Estimation of M
indicated. Fucus vesiculosus, Barsebick, location 24, October

22th 1977.
Table 3.2.1.5 shows an anova of DTF,«l n values from table 3.2.1.4,
"y,
except for the single 51Cr value.

Table 3.2,1.5. Analysis of variance of DTF, -values from
’

51 60

Table 3.2.1.4. (except DTPM,n (“°Cr) and DTFM,n (7" Co))
2 2

Variation SSD f s v P
Between isctopes 3.465 3 1.15%% 16.688 »99,5%
Between sampling times 0.151 2 0.076 1.092 -
Between locations 0,097 3 0,032 2,015 -
Isotopes » sampling times 0.415 6 0.069 5.001 >97,5%
Sampling times x locations 0.086 4 0,022 1.555 -
Isotopes » locations 0,125 & 0.016 1.128 -

Iso, * times * loc. 0,125 9 0,014 0.628 -

18 20
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It is seen that the 110 m

from the other isotopes. Excluding

Ag values are significantly different

110 mAg from the anova makes

all variations (except interaction:isotope x time) insignificant.

54 65

This similarity in DTFM n for radiocobalt, Mn and Zn is
’
expected if the uptake and elimination of Co, Mn a 4 Zn are

similar.

The normal transfer factor, TF

The transfer factor, TF, calculated as the quotient between
algal activity on the day of sampling and average monthly
discharge without decay correction:

Ai-m
TP = -3 (pCi month kg™t mci™l),
L D.
j=1-m+1 J

is ideally the steady-state activity (pCi kg-l) in the sample
if one mCi is constantly discharged per month. In practice,
the monthly discharge is not constant, and samples are not ex-
pected to be found in steady-state conditions. However, the
value is of great importance in evaluating the capacity of the
recipient.

Table 3.2.1.6 shows different TF-~values. For Barseback, location
22, a mean value of 250 pCi month kg-1 mci~! was observed for
60Co, 54Mn and 65Zn. Because of a shorter halflife, TF (58Co)
has a lower value.The TF values from Ringhals, location 7, are

about 20 times lower for radiocobalt and >4

Mn when discharges
are averaged over 6 months. The discharge from Ringhals was

heavily dominated by an atypical discharge of radiocobalt and
54Mn in April. More data is needed before conclusions can be
drawn on possible differences between the TF values at Barse-

bdck and at Ringhals.
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Table 3.2.1.6. Transfer factor, TF, (pCi month kg‘l mCl-l). Fucus vesiculosus collected at location 22,

Barsebdck and Ascophyllum nodosum collected at location 7, Ringhals in 1977

Location Date Isotope Algae Discharge ' Transfer factor
pci kg™t Months nci month™! pCi month
Mean rel. SDt Mean rel. SOt { Mean rel. SDV
Parseback oct 10 %Oco 30,013 2.1 | Aug-Des  133.2 40.1 |225 40.2
location 22 and 584 7,209 29.4 | (5 months) 48.1 56.2 | 150 8.2
Dec 6 54un 1,752 7.1 9.1 16.2 |193 17.7
$3zn 7,658 3.3 34.5 60.9 | 222 61.0
110m, 332 12.6 8.5 76.8 39 77.8
Barsebdck  June 15 %% 3,787 Jan-June 10.63 9.8 | 356
location 22 384 2,495 {6 months) 14.68 81.8 | 170
54un 465 1.62 76.1 | 288
$32n 851 2.87 66.5 | 297
110m, . 67 1.02 79.5 65.9
Sler 144 8.52 89.5 16.9
Ringhals July 7 %%o 4,323 Feb-July 279 134 15.5
location 7 58¢o 9,475 (6 months) 1,271 213 7.5
34un 1,671 133 189 12.6
53zn 576 10,43 90 55.2
Ringhals July 7 %o 4,323 April 1,002 4.3
location 7 58Cc) 9,475 6,773 1.4
S 1,671 640 2.6

3.2.2. y-emitting radionuclides in Mytilus edulis and other
invertebrates

Mytilus is widely used as a biological indicator of radioactive
contamination and other pollution for the same reasons as given
for Fucus. 1In contrast to Fucus, Mytilus may enter the human
Food chain. An extensive sampling of Mytilus was planned, but
it was not found in sufficient amounts.

Mytilus edulis, Cyprina islandica, Buccinum undatum and Cancer
pagurus were sampled in 1977 (tables 3.2.2.1 and 3.2.2.2).
Mytilus from Ringhals locations 7, 5, and 8 was collected from
the same sites as the corresponding algal samples. Ratios be-
tween the activities in Mytilus and in algae were calculated
(table 3.2.2.3). The material is too small to permit extensive
conclusions, but there are indications that the brown algae
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Fig. 3.2,2. sampling locations at Ringhals.

concentrate about one order of magnitude more radiocobalt and
95Zr and two orders of magnitude more 54Mn on a fresh weight
basis than does Mytilus. It seems that the Mytilus : algae
activity ratio is somewhat higher for 60 58Co. This

would be the case if Mytilus integrates radiocobalt discharges

Co than for

over a longer period of time than does Fucus, or if phyaico-
chemical differences make the availability of the two isotopes
to Fucus and Mytilus differ. There is too little material,
however, to draw any conclusions on this point.
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Table 3,2.2.1. Gamma-emitting radionuclides in

Mytilus edulis collected at location 20 (depth:

11 m) at Barseb3ck in 1977. (Unit: pCi kg™t
fresh weight)

Date 137Cs S‘Mn GSZn 6oCc:
Soft part 23 A - - -
June 16
Shells - 23 46 A -
Soft part 16 A - - 8.7 A
Oct 19
Shells - - S2A 15 B

Table 3.2.2.2. Gamma-emitting radionuclides in molluscs and crabs collected at
Ringhals in 1977. (Units pci kg

fresh weight)

Species Date Sampling 58Co 5‘Mn 6SZn 6OCo 137Cs
location

Soft part 466 31 A 138 412
Mytilus edulis July 7 7

Shells 394 134 - 290

Soft part 102 - - 56
Mytilus edulis July 7 5

Shells - 33 - 37

Soft part 86 - - 50
Mytilus edulis July 7 8

Shells - 22 A - 4B
Cyprina islandica July 11 16 Soft part - - - -
Cyprina islandica Nov 1 16 Soft part - - - -
Buccinum undatum Nov 1 16 Soft part -~ - 113 6 -
Cancer pagurus July 10 14 ¥hole - - - - 27

Table 3.2.2.3.

Activity-ratios on fresh weight

basis, Mytilus edulis soft part (from Table 3,2,2.2.)
to Brown algae (from Table 3.2.1.2,). Collected at
Ringhals July 1977

Location 58Cc: 6':)Co 5‘M.n 65zn 952:
7 0,049 0,095 0,019 0,24 -

5 0.088 0.114 - - 0,107
8 0.095 0.125 - - 0,155
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3.2.3. y-emitting radionuclides in fish

Table 3.2.3.1 shows the concentrations of gamma-emitting radio-

nuclides in fish meat from Barseback and Ringhals in 1977. One

of the samples showed trace amounts of 60Co.

Table 3.2.3,1. Gamma-emitting radionuclides in fish
meat collected at Barsebidck and Ringhals in 1977,
(Unit: pCi ka™ ! fresh weight)

location Date Species 137(’:5 60Co
Barsebick 29 Dec 13 Cod 64 -

14 July 9 Dab 60 -

14 . Plaice 41 7B
Ringhals

14 " Lemon sole 42 -

14 " Sole 94 -

3.2.4. y-emitting radionuclides in sea-sediments

8)

thick sections were analyzed (tables 3.2.4.1 - 3.2:4.4). 1In

Sediments were sampled by the HAPS bottom corer1 and 3-cm
most cases only the top-layer was analyzed because counting
capacity was limited. If corrosion products were detected in
the top-layer, then succeeding slices were analyzed too.

Table 3.2.4.1. Gamma-emitting radionuclides in sediment samples collected at Barsebick in 1977, Surface
layer (0=3 cm)

Date June October December
Locatjon* 32 31 30 29 28 27 35 17 18 19 29 30
Water depth 13 16 24 20 17 12 14 14 16 20 14 14
inm
137 pCi kg"‘l 374 874 768 603 936 295 385 1100 1050 1170 868 1320
Cs .
mCi km z 9.6 11.8 7.1 7.8 11.3 8.4 9.6 15.8 12,8 7.7 6.8 8,8
per 3 om
-1
54 pCi kg 66 A
Mn -2
mCi km 0.8A
per 3 cm
-1
60 pPCi kg 332 248
Co -2
mCi km 4.0 1.6
per 3 com

*ct. Fig., 3.2.1.



Table 3.2.4.2.
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Ringhals in 1977, Surface layer (0-3 cm)

Gamma-eni tting radionuclides in sediment sampleas collected at

Date July Qctober
Lozation® 1 2 3 I 1 2 b 4
Water depth 28 26 17 16 25 2) 17 15
inm -
137 pci kg ! 234 217 104 '} ] ile 258 200 102
Cs
nci km™ 2 6.6 6.1 ') 3.2 6.1 6.1 5.5 1.4
per J om
=1
s pCi kg €720
Cco -3
i km 281
per ) om
coo-1
pCi kg 64 A
54
M -2
®Ci km 2.7 A
per 3} cm
60, pci kg™t 121 A5 A 2150 "3 106 180 164
(s ]
»Ci km™ 2 2.9 1.3A 9% 2.0 2.1 &9  s.4
per 3 om
°cf. Fig., 3.2.2.
Table 3.2.4.3. Cesium=-137 and Cobalt-60 in sediment samples collected at
Barsebick in 1977
Position Date pepth pci 2¥ca kgl act 1¥cs 2 pet $9%o kg7t
in om
55°25'n 12°39'E June 12 0-3 iTIY 1.4 A
- T 62 2.7
-" . -" - 69 29 A 1.4 A
0-9 5.
18 Oct 19  0-3° 10%0 12.8 330
. -" - 36 530 6.3
- -" - 69 166 A 2.0 A
- - %= 9-12 - -
0-12 21.1
30 Dec 13  0-3* 1320 5.8 249
. -" - 36 1060 9.2
0-6 18.0

*cf. also Table 3

.2.4.1.



Table ).2.8.4. Cesium~1)7 aad Cabalt-60 ia sediment samples collectec at
Laghals aa 1977

rositiom Date veptr pci PVcy ng! mci s w2 pet Yow w7t
IR R
1 Jaly 11 o0-)° 230 6.6
. P ey 167 6.2
- - - 69 56 2.3
- - - el 107 2.8
11 £17.3
3 July 11 o-)* zeq ..s 2130
- I » 3.3
- - ® o -9 - -
-9 T 1.1
. Jaly 11 @-3° e 3.2 '™
- - - s 02 .0 s
- - - 69 ™ 10
a9 f 10.2
1 oct 10 0-3* 320 6.) 106
- - > 168 s.0
- - - & . 2.1
- -~ 9n 56 2.2
- - izl - -
a-16 L1s.6
2 st 27 0-)3® 260 6.1 1
- P Y 1n 5.9
0=t I12.0
3 oce 27 - o3 14 200 5.3 180
- - 3= 158 s.? 72
. T ’n 1.5
- .- 92 29 1.3
o-12 1 16.0
A Oct 27 0-)¢ 102 3.4 168
- - e 3= 100 16 .
. e v 69 159 1.2
=9 I 82

*cf. also Table ).2.4.2.
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4. FALLOUT NUCLIDES IN THE ABIOTIC ENVIRONMENT

by A. Aarkrog and J. Lippert

4.1.1. Strontium-90
The "big air samgler" described in Risg Report No. 231) has a

shunt through which the air volume is determined. As in
previous years, both the shunt filter (I) and aliquots cut out
of the main filter (II) were analyzed to see whether activity
levels were identical in the two filters. As I/II = 1.09 z
0.05 (1 SE), we still concluded that the two filters showed
the same levels. The mean air activity level for 1977 is
reportec as the mean of the glass-fibre filter collection

and the daily paper-filter sampling: 0.71 t 0.02 fci %0

i.e. 3.4 times the 1976 level. The mean peak activity of the
90
S

Sr m-3,

three collections in 1977 was measured in June at 1.44 fCi r
-3
m ".

90

Pigure 4.1.1 shows the quarterly levels of Sr in air since

1957.

4.1.2. Cesium-137
As in 1962-1976, samples of air were collected twice a week by

means of the air sampler described in Ris¢ Report No. 231).

The filters were measured on a 30 cm3 Ge(L1i) detectors). Table

137

4.1.2 shows the monthly means of the Cs determinations (cf.

also fig. 4.1.2). The peak value was observed in August. The
mean level in 1977 was 3.9 times the 1976 mean. The 13705/908r

mean ratio in the air filter was 2.2 in 1977,

137 9

OSr levels in air in 1977 re-
sulted from the global fallout originating from the 4 Mt

The increase in the Cs and

Chinese test explosion on November 17, 1976,
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Table 4.1.1. Strontium=-90 in air collected at Riso
in 1977

Month Daily air filters onthly air filters
(glass-fibre filters)

Paper 1 11

Jan 0.129 0.094 A 0.087

Feu 0.166 0.142 0.107:0.001
March 0.21 0.27 A 0.189
April 0.29 0.31 0.28 20,02
May 0.89 1.05 1.01

June 1.12 1.58 1.63

July 0.90 1.01 0.93

Aug 1.58 1.30 1.37 20,03
Sept 0.86 0.88 0.95

Oct 0.74 0.79 0.91 +0.06
Nov 0.61 0.61 0.59

Dec 0.54 0.83 0.64

1977 0.67 .74 o T2

I: the normally used shunt filters.

II: aliquots cut out of the main filters- also

used for 137cs determination (cf. table 4.1.2)

YEAR

Fig. 4.1.1. Quarterly 905:‘ levels in air, 1957-1977.
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Cesium-137 in ground level air at Rise¢ in 1977.
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Table 4.1.2. Cesium-137 jin
glass-fibre air filters col-
lected twice a week at Riso

in 1977

Honth sci Pcs 1073073
Jan 0.21:0.04
Feb 0.31:0.04
March 0.48:0.04
April 0.64:0.09
May 2.32:0.30
June 2.91:0.33
July 2.45:0.43
Aug 3.14:0.23
Sept 2.0620.19
oct 2.05:0.30
Nov 1,46:0.19
Dec 1.4520.14
1977 1.62

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

4.1.3. Short-lived y-emitting nuclides in air and precipitation

On September 17, 1977, China tested a nuclear weapon in the
kilotons range in the atmosphere. As shown in fig. 4.1.3,
fresh fallout appeared in ground-level air approximately 12
days later, and the peak activities occurred on October 10,
i.e., 23 days after the explosion.

Tables 4.1.3.1 and 4.1.3.2 show the concentrations of short-
lived y-emitters in air and rain samples collected at Risg from
the end of September to the beginning of November 1977. From
these two tables were estimated the washout ratios:

-1
W = pCi 1 rain

©  fci m? air

in table 4.1.3.3. The overall mean of wo for all nuclides was

35 95Nb showed lower washout
a 140

Zr and
140

0.82. Nuclides such as

103 106

ratios than Ru, Ru, Ba an La. The washout ratios

also showed a time variation, only the Ce radionuclides devi-
ated from this time variation.



Table 4.1.3.1.
at Rise in 1977 (unicifci m™Y)

September 1977)

Short-lived nuclides in ground-lavel air samples collected
(from the Chinese test explosion on 17th

Wuclide Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected
19-22/9  22-26/9  26-29/9  29/9-3/16 3-6/10 6-10/10 10-13/10  13-17/10  17-20/10  20-24/10 24-27710 27-31710 31/10-3/11
144c, 17.3 17.8 21.7 12.6 13.9 22.4 17.3 30.1 23.2 3.8 9.4 14,8 16.7
141e, 0.6 0.6 2.0 .1 21.4 4.0 4.7 12.3 19.8 40,2 5.0 7.7 6.3
237, - - - - - - - - - - - - -
29, - - - - - - - - - - - . -
1o, - - 3.9 20.3 a“.s 8.5 2.8 15.4 23,4 4“.7 4.8 7.2 5.1
133, 11 - 1.6* 8.8¢ 13.5¢ 18.9¢ a8 2.7¢ .1 .00 0.8 1.0 0.8
Tse m 110 129 69 1) 108 84 122 17 228 . Y] 100
1035, 1.9 2.0 3.4 8.6 21.6 59.1 17,5 13.8 22.4 45.2 6.0 3.9 8.8
1064, 10.6 10.4 13.4 8.4 .5 13.9 10.0 17.3 13.4 21.0 5.7 9.1 1.3
140y, - - 3.2 19.4 4.6 89,9 22.9 14.1 21.4 43,5 4.7 6.7 ‘.8
132, - - - - - - - - - - - - -
Ber 10.5 9.8 12.7 15.6 20.3 5.0 17.6 22.9 23,9 42.3 7.6 10.9 10,7
Bw 20.2 20.0 23,9 17.4 1.7 30.0 20.9 32.4 28.7 9.3 10.6 16.2 18.2

*Corrected for a

Ris¢ background of 1317 estimaced at 1 £Ci m”

144



100

fCi

60

L0

20

- 45 -

-

LSRNS S SURS SUNE SNEM SNND SuN SN SUNS SN SRR SNt HNas SN SUNS SUN U SEE SHNN SHNN SHMN SUEN SRS SR

* Chinese test no. 22
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T
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Fig. 4.1.3. Short lived fissions products in airborne debris
from the Chineese test explosion 17 September 1977 collected

in groundlevel air at Ris¢, September-October 1%77. The time-
integrated levels are indicated for the various radionuclides.

Table 4.1.3.2. Short-lived nuclides in rain water collected
at Rise¢ in 1977 (pCi l'l) by a 9 nz ion exchange ~ollector
(from the Chinese test exnlosion on 17th Sentember 1977)

Sept 29-0ct 4 Oct 6-Oct 10 oOct 23 Oct ll-Nov 3

Ce 3.4 17.4 38.8 16.6
1‘1c:) 2.3 16.3 24.9 8.9
37, 1.120.1 3.3:0.3 - -
D9 27,7023 29 11 - -
140, 20.1 133 25.8 11.1
131, 11.1 40 2.3 ~0
"8 25.9 138 93 121
1030y 7.6 64 14.2 9.8
T 19.9 12.2 15.6
140, 19.8 s 27.2 9.9
132, 3.1:0.2 6.4:1.2 - -
Bzr 3.2 18.5 8.1 6.8
B 1.1 18.6 10.4 10.5

‘)The concentrations of the short-lived nuclides were
approximate.
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Table 4.1.3.3. Washout factors (M ) in fresh dedbris collected in 1977 (cf. tables 4.1.3.1
1

art 4.1.3.2) U = &lﬁ_"ﬂﬂ
° ¢

ci m "’ air

Precipitation 'Be Yz iy 103y, 106, 131, 140

periods

140 141 144

Sept 29-0ct 4 0.38 0.1 0.17 0.50 0.4} 1.00 0.65 0.62 0.15 0.26 0.4} 0.27
Oct 6-0Oct 10 1.28 0.5) 0.62 1.08 1.4 2.12 1,28 1.3% 0.33 o.718 1.08 0.53

Oct 23 0.41 0.1% 0.22 0.31 0.58 0.38 9.6) 0.58 0.62 1.11 0.50 0.27
Oct ll-Nov ) 1.21 0.64 0.58 1.11 1.33% - 2.06 2.19 1.41 0.8 1.27 0.56
Mean 0.82 0.)% 0.40 0.75 0.9 1.17 1.1¢ 1.1 0.6 0.7¢
S.0. 0.4% 0.2¢4 0.24 0.41 0.52 0.88 0.67 0.7¢ 0.3¢ 0.3¢

The time-integrated air levels of the short-lived fallout
nuclides in 1977 were approximately one half of the corre-
sponding values observed in the autumn of 1976, which originated
from the Chinese nuclear test on September 26, 1976 (cf. fig.

4.1.3 and Ris¢ Report No. 361)1).

4.2. Strontium-90 in precipitation

Samples of rain water were collected in 1977 from the State

experimental farms (cf. fig. 4.2) in accordance with the prin-
)

ciples laid down in Ris¢ Report No. 63, p. 511'.

90

Table 4.2.1 shows the results of the Sr determinations and

tables 4.2.2 and 4.2.3 the analysis of variance of the results.

The maximum concentration in precipitation occurred in July-

August, when the mean content in precipitation was 1.10 pCi

90 -1
Sr 1

maximum fallout rate also occurred in July-August, 0.107 mCi
90sr km™2. Tables 4.2.2 and 4.2.3 show that the variation be-
tween locations was not significant. The mean levels for ten
State experimental farms were 0.38 mCi °°Sr km~2 and 0.63 pCi
90gr 171, The fallout rate in 1977 was 3.8 times that observed

in 1976.

(cf. also the air measurements in 4.1.1), and the
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A comparison between the amounts of precipitation found in the
rain gauges used by the Danish Meteorological Instituteg) and
the amounts collected in our rain bottles at the same locatiéns
in 1977 showed a mean ratio of 1.20 ¥ 0.03 (1 SE) between the
two sampling systems. The difference between the two systems
resulted mainly from evaporation taking place in the Risg¢ rain

bottles during the sampling period.

10°t 12°¢

57°N

57°N

56°N

SS°N

 eg0
g 5N

SS°N

10°E 12°E 15°E

Fig, 4,2, State experimental farms in Denmark.



Table 4.2.1. Strontium-9%0 fall-out in Denmark in 1977

Period Unit Tylstrup Studs~ @dum Askov St, Jyn- Blang- Tystofte Virumgdrd Abed Akirkeby Ledreborg Mean®
gdrd devad stedgdrd

nCi l-l 0.130 A 0.120 0.154 A 0,022 0,041 A 0,094 A 0,116 A 0,047 0.100 0.14° 0,029 0.090
Jan-Feb

mCi km‘z 0.012 A 0.014 0.011 0.003 0,005 A 0.009 A 0.009 A 0.004 0.009 0,010 0.002 Q.009

PCi 1-1 0.46 0.51 0.42 A 0.54 0.41 0,39 0.47 G.24 0,38 0,77 1,04 0,47
March-April -

nci km 2 0.047 0.031 0.036 A 0.078 0,033 0,032 0.032 0,024 0.027 0,090 0,037 0,048

pCi 1'1 1.24 0.92 0,88 0,97 0.76 0.94 1,30 0.78 0.78 1.80 (1,04) 0.96
May-June -

mCi km 2 0.0177 0.074 0.041 0,107 0,190 0.065 0,053 0,061 0.061 0,069 (0.046) 0,071

pci 171 1.53 1.47 1.22 0.91 1l.02 0.83 1.50 0.79 0.85 1.26 1.10 1.10
July~Aug -

mCi km 2 0.090 0.106 0.075 0,085 0,066 6.096 0,122 0,083 0.120 0,223 0,094 0,107

pCi ].-1 0.39 0.30 0.27 A 0.82 0.66 0.41 1.01 0,50 0,61 0,80 (0.559) 0.54
Sept-Oct -

mCi km 2 0,053 0,046 0,024 A 0,071 0,062 0,023 0,058 0,026 0,038 0,067 {0.036) 0,047

pCi 1-1 0.68 0,71 0.50 0.63 0.63 0.50 0.73 0,81 0.68 0,65 0.95 0.65
Nov-Dec

mCi km-z 0.124 0.168 0.073 0.127 0.136 0,075 0.063 0.074 0.094 0,093 0,071 0,103

pCi 1”1 % o.64 0.60 0.52 0.61 0.57 0.53 0.82 0.53 0.60 0,88 0,76 0.63
1977

nCi km'z I 0,403 0.489 0.260 0.472 0.402 0.300 0.337 0,272 0,349 0,552 0,286 0,384
mm precipitation I 633 818 500 773 709 569 411 511 580 627 375 613
*Ledreborg not included in mean. Figures in brackets calculated from VAR 312)

1137
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Table 4.2.2. Analysis of variance of ln pCi 30gy 171
precipitation in 1977 (from table 4.2.1}
2 2

Variation SSD f s v P
Between locations 53.371 5 10.674 68,393 >99,95%
Between months 2.481 10 0.248 1.590 -
Remainder 7.491 48 0.156
Table 4.2.3. Analysis of variance of 1ln mCi 905: km-2
precipitation in 1977 (from table 4.2.1)

: 2 2
variation 558D £ s v P
Between locations 55.296 5 11,0959 78.620 >99,95%
Between months 4.236 10 0.424 3.011 >99.5%
Remainder 6.752 48 0.141

90

Tables 4.2.4 shows the quarterly Sr levels in precipitation

samples collected in ion-exchange columns at Risg¢ in 1976. The
90 -2
Sr km

These figures were compatible

total deposition was 0.30 mCi
tration was 0.73 pCi 05, 171,
with those in table 4.2.1 for East Denmark.

and the mean concen-

Table 4.2.4. Strontium-90 in rain water collected in
ion-exchange column collectors at Risg¢ in 1977
(sampling area 0,325 n?)

Month mm pct %% 171 ;i 9% km™2
Jan-March 102 0.28 0.029
APril-June 80 0.73 0.058
July-Sept 94 0.97 0.092
Oct-bec 132 0,90 0.118
1977 £ 408 X 0.73 £ 0,297




4.3. Fresh water

4.3.1. Strontium-90 in ground water

1)

As in previous years™ ', ground water was collected in March

from the nine locations selected by the Geological Survey of
Denmark. Figure 4.3.1.1 shows the sample locations and table
4.3.1 the results of the 90Sr analyses.

The median level of 90Sr in 1977 was compatible with the values

found since 1967 (cf. fig. 4.3.1.2).

90

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

from Feldbak have been around 1.5 pCi m-3 in later years but

137

seem now (1978) to decrease. Cs was not measurable in 45 1

samples of Feldbak water from 1977 and 1978; the levels must

have been less than 0.2 pCi 137Cs 1-1.

Table 4.3.1., Strontium-90 in ground water
collected in March 1977

920 -1 1

Location fci “Usr 1 gcal”
Hvidsten 14 B 0.0720
Feldbak 1732 0,0234
Remg 12 B 0.0409
Rgnne New 2B 0.0068
Rgnne 0l1d 17 B 0.0275
Hasselp 6 0.102
Firetofte 3 0.131
Kalundborg 14 0.0460
Ravnholt 6 0.0667
Fredericia 9 0.0768
Mean 182 0.0593
Median 10 0.0564

A sample of ground water from Maglekilde
in Roskilde contained 13 fci Vsr 17
0.0813 g ca 17}

and
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Fig. 4.3.1.1. Ground water sampling locations in Denmark.
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Fig. 4.3.1.2.

1961-1977,

Median 9°Sr levels in Danish ground water,
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Fig. 4.3.1.3. Strontium=-90 in ground water at Felddak 1961-1978.

4.3.2. Strontium-90 in fresh water from Danish streams and
lakes (fig. 4.3.2)
In March 1977 we repeated the sampling of fresh water from

Danish streams and lakes which was first carried out in 1971
(Risg Report No. 2651)).

0 )} 1

The streams contained 0.37 pCi sy 171 in 1971, 0.31 pci 1~
in 1973, 0.33 pct 17! in 1975 and 0.34 pci 171 in 1977. The
mean levels in the lakes were 1.50, 1.29, 1.34 and 0.80 pCi

gy 171 respectively.

The 905r levels in Danish streams have been nearly constant

since 1971, while the concentrations in lake water have shown
a decreasing trend.
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Table 4.3.2. Strontium-30 in vanish streams and lakes in March 1927

Zone Streams Lales
pci PVsr 17t gcal pct Psr 17l gca!

I: North Jutland Bangsbo & 0.35 0.056 Norssea 1,55 0.051
II: East Jutland Guden & 0,27 0.057 . HMossg 0.23 0.057
II1: West Jutland Skjern & 0.3+ 0.029 Flvndersg 0.14 0.039
Iv: South Jutland Ribe & 0.34 0.068 Hostrup s 1.40 0.021
\'H Funen Odense & 0.34 0.130 Arreskov sg¢ 0.58 0.081
VI: Zealand Susd 0.28 0.114 Arresg 0.67 0.050
VIl: Lolland-Falster Halsted & 0.28 0.202 S¢nderse 1.05 0.093
VII1: Bornholm Lasi 0.49 0.098 Almindingen s@ 0.81 0.033
Mean 0.34 0.094 0.80 0.053

4.4. Strontium-90 and Cesium-137 in sea water in 1977

As in previcuc years, sea water samples were collected by M/S
Fyrholm in the summer and late autumn from inner Danish waters
(cf. table 4.4.1 and figs. 4.4.1 and 4.4.2). Furthermore, sea
water samples were collected at Barsebdck in the Sound' (table
4.4.2), and at Ringhals in the Kattegat (table 4.4.3). The

DANA took samples in the North Sea (fig. 4.4.3) and the Kattegat
in February (table 4.4.4).

0

é.7’1.0~¢<§¢ _

(o)} <> c}i
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00 Lt 1 v vttt b Ll

65 70 75 80 85
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Fig., 4.4.1., Strontium-90 in surface sea-water from inper Danish
waters, 1962-1977 (1SD indicated) (from table 4.4.1).
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Sea-water locatinns arcund Zealand.
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it was suggested that the increasing
Cs levels observed in 1973 in inner Danish waters

were the result of contamination from the inflow of water from

the North Sea, which was contaminated with
nuclear plants in the UK and France.

Sr from



Table 4.4.1. Strontium-90 and Cesium-137 ir sea water collected arnund Zealand in It

56 -

Position June December
N E Depth gy Salinity 13703-1 Depth s, -1 Salinity 137Cs_1

inm pCi 1 o/00 pCi 1 inm pCil o/oco pci 1

Kullen 56°15' 12925+ 0 0.74 9.4 0.64 o 13.3 0.75
- 21 0.73 33.8 0.82 21 26.2 0.94
Hesselp 56°10" 11%47° 0 0.54 15.2 0.77 0 0.64 25.9 1.16
- 24 0.70 33.3 1.21 24 27.5 1.10
Kattegat SW 56907 11°10° 0 0.62 15.1 0.69 0 0.66 24.3 0.94
" 3s 0.68 33.0 1.20 30 25.3 1.23
Asnas rev 559380 10247 0 0.61 14.9 0.71 0 0.68 20.9 0.86
- " 45 0.62 31.5 1.02 43 5.3 1.20
Halskov rev 55°20* 11°02* 0 0.76 14.3 0.95 0 0.71 19.0 0.93
- - 45 0.71 30.2 1.05 45 0.68 20.5 1.08
Langeland balt 54952+ 10%50* 0 .75 12.8 .82 0 0.81 15.4 0.93
. " 45 0.71 28.4 0.83 45 20.2 0.97
Femern balt 54%36* 11%05° 0 0.73 8.5 0.65 0 0.71 14.7 0.78
. " 24 0.69 24.3 0.92 23 19.6 0.95
Gedser rev 54928 12°13° 0 0.58 8.9 0.84 ] 0.77 10.2 0.52
- - 21 0.66 17.90 1.80 25 17.1 0.88
ugen 54°57* 1241 0 0,53 7.8 0.61 0 0.82 8.6 0.53
- 20 0.70 7.9 0.75 23 12.6 0.82
The Sound - South 55025+ 12939° 0 0.79 8.5 0.43 A 0 8.9 0.49
. - . 13 0,46 6.8 0.38 A 12 9.5 0.68
The Sound - North A 55°48' 1244° c 0.65 9.0 0.53 0 0.82 8.4 0.58
- " " 26 0,58 32,8 0.58 19 27.8 1.14
The Sound - North B 55°59* 12°42' o 0 0.79 6.8 0.61
.- " 26 2.66 31,7 1.13 25 30.8 1.26
Mean Surface 0.66 11.3 0.69 0.74 14.7 0,76
SD 0,09 3.1 0.15 0.07 6.5 0.21
SE 0,03 0.9 0.04 0.02 1.9 0.06
Mean Bottom 0,66 26.1 0.97 0.68 21.9 1.02
SD 0.08 10.0 0.36 6.5 0.18
SE 0,02 2,9 0.10 1.9 0.05

90

In accordance with this hypothesis, the

the following regression equations:

Sr concentration has
increased especially in sea water of high salinity, as shown in
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oci %y 171 = 0.94 - 0.018 c/oc (1967-1971)
pCi 05, 171 = 0.97 - 0.020 0/o0 (1972)
pci 2%r 171 = 0.95 - 0.014 o/00 (1973)
pci %sr 171 = 0.93 - 0.010 o/oo (1974)
pci %sr 171 = 0.79 - 0.006 o/00 (1975)
pci 2% 171 = 0.71 - 0.002 o/00 (1976)
pci %r 171 = 0.71 - 0.0015 0/00 (1977)

The regression analysis showed significant or probably sig-
nificant regression in all cases except in 1973, 1975, 1976
and 1977.

In analogy with 905r, the following regression equations were
founrnd for 137Cs in inner Danish waters:

pci 137cs 171 = 0.80 - 0.0043 0/00 (1972)

pci 137cs 171 = 0.60 + 0.012 o/00 (1973)

pci 137cs 171 = 0.54 + 0.018 o/00 (1974)

pci 37cs 17! = 0.64 + 0.010 o/00 (1975)

oci 137cs 171 = 0.53 + 0.019 o/oco (1976)

pci 137cs 171 = 0.41 + 0.027 o/oo (1977)

The regression analysis showed a significant regression in 1974,
1976 and 1977, probably significant in 1973 and 1975, and in-
significant in 1972.

According to the above regreszsion lines, the mean levels in
Danish surface waters (16 o/oo salinity) were estimated at
0.69 pci 2%sr 17! and 0.84 pci 3'cs 171

sponding levels in North Sea water (34 o/o0) were 0.66 and 1.3,

in 1977. The corre-

respectively, and in Baltic water (9 o/00) the equations gave
0.70 and 0.65, respectively.

Two samples from the North Sea contained 134

Cs (cf. table 4.4.4).

The 134Cs/137Cs ratios were 0.14 and 0.10. In the Windscale

releases in 1974-75 the mean ratio was 0.23. As the halflife
134

of
the two sea water samples with radiocesium from Windscale was
approximately 2 years old. This estimate is compatible with

that of Kupferman et al.lO).

Cs is 2.06 y, this may indicate that the contamination of
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seback) in 1977 {(cf. also 3.2.)

in s@a water

collected in the Sound

Sampling June December
location
;fg:lf:’g' vepth  Vs¢ -1 1:”Cs_l Salinity Depth > Osr -1 l”Cs_ Salinity
inm pCi 1 pCi 1 o/00 inm nCi 1 pCi 1 o/00
1 9 0.73 0.71 8.6 n 0.83 11.3
- 14 0.79 1.17 25.2 35 0.51 9.1
R o] 0.68 0.62 8.4 0 0.79 0.53 9.1
= i5 0.68 1.28 33.2 17 0.82 9.4
35 0 0.46 6.3
° 12 0.54 8.4
18 9 0.70 0.51 8.1
- 13 0.64 1.45 33.2
Mean Surface 0.70 0.61 8.4 Surface 0.79 0.61 9.6
S0 0.0] 0.10 0.2 0.20 1.6
SE 0.01 0.06 0.1 0.12 0.9
Mean Bottom 0.70 1.30 30.5 Bottom 0.62 9.¢
SD 0.08 0.14 4.6 0.17 0.5
SE 0.04 0.08 2.7 0.10 0.3
Table 4.4.3. Strontium-90 and Cesium-137 in sea water collected at
Ringhals in 1977 (cf. also 13.2.)
Sampling July Oct-~liov
location
;?g_zf;g Depth se -1 137cs_ salinity Depth 137¢5_ . salinity
in m pCi 1 pCi 1 o/00 inm pCi 1 o/co
o* 0 0.67 1.22 16.5 0 1.01 21.6
" 55 0.67 1.48 33.1 60 1.31 33.6
1 0 0.69 1.16 18.6 0 0.91 20.6
hd 23 0.61 1.54 30.6 24 1.63 33.5
2 o] 0.39 0.90 18.5 0 0.89 20.5
s 25 0.66 i.34 31.7 22 1.5} 33.3
3 0 0.68 0.97 18.6 0 1.04 20.1
- 16 0.71 1.13 25.4 16 1,68 32,2
15 4] 0.72 0.78 19.0 0 0.71 19.7
" 10 0.69 1.26 21.2 10 0.76 19.4
Hean Surface 9.63 1.01 18.2 Surface 0.91 20.5
sSD 0.14 0.18 1.0 0.13 0.7
SE 0.06 0.08 0.4 0.06 0.3
Mean Bot tom 0.67 1.35 28.4 Bottom 1.38 30.4
So 0.04 0.17 5.0 0.38 6.2
SE 0.02 0.07 2.2 0.17 2.8




1

y of 137cs and "%r ritalics)

Fig. 4.4.). Concentrations (pCi 1~
in surface sea-water collected in February 1977. The asterix
indicate locations for sediment samples (cf. table 4.6.2),
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Table 4.4.4. Strontium=-%0 and Cesium-137 in sea water
collected by the Dana at the North sea and the Cattegat

in February 1977

137 1

Position sr pci 17 Cs pci 1 Salinity
o/ 00
s6%a2'n 12%0E 0.56 n.91 20.6
57%8'n 11%7°E 0.53 » 0.35 23.1
57°30'8 09°45°E 0.70 1.79 12.5
56°43'N 07°58°'E 0.64 1.25 33.0
54°09'n 07951°E 0.76 0.85 31,6
56°56'8  03°30°E 0.88 1.45 4.6
53%40'n 0256 °'E* 0.75 3.76 34.3
53%54'N 01909 'E** 0.67 3.14 34.5
s6%18'n  n0%41'E 0.26 1.40 34.9
55°51'%  01%47°w 0.56 1.93 34.7
Mean 0.64 1.94 1.6
3] 0.17 1.11 5.2
SE 0.05 0.35 1.6

* The sample contained 0.54 pCi 1:“Cs 1

*eThe sample contained 0.30 pci *3%cs 1

4.5. Soil samples

During 1977 the sampling error associated with soil sampling
was investigated. In normal soil sampling, the samples are
collected vertically by means of a 65 mm ¢ aujer. As discussed
in previous Ris¢ Reportsl), this method involves a risk of con-
tamination of the deeper low-activity samples by "high" activi-
ty surface soil, which is of special relevance to the nuclides
with a high vertical activity gradient, such as 137Cs and

239, 240Pu. The Health and Safety Laboratory's trench method
of soil sampling (HASL-300f) was applied to this study. Two
trenches A and B, each approximately 4 m long, 1.5 m wide and
2 m deep, were dug 1 km south of Risp at Skydebanen. The
trenches were approx. 200 m apart. After a careful shaving of
one wall in each trench, to avoid contamination from the sur-

face layers, two sets of samples in each trench were cored out
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horizontally in the shaved walls at the vertical depths: 5, 10,
15, 20, 25, 30, 40, 50, 65, 80 and 100 cm. The cores were col-
lected with a 65 mm ¢ stainless steel auger to a horizontal
depth of 45 cm; two cores were collected at each vertical depth
so that the total sample represented a 90 cm long cylinder. The
four sets of samples from the two trenches were called Al' AZ'
B, and B The samples were analysed for 137Cs (table 4.5.1)

and for 339’ 24OPu (cf. chapter 8).

Table 4.5.1., Cesium-137 in soil samples collected in !ftay 1977 at Skydebanen, Risg

Depth A A B
in cm

pCi 137Cs mCi lNC:: pCi 137Cs mCi 137Cs pCi l.‘”Cs mCi 37eq pCi l37Cs mCi 137¢q
kg-l kl'n.zt:m-1 kg.1 km.zcm'1 kg.1 km-2 1 kg-1 km-z 1
2.5 638 4.46 653 5.56 560 4.24 - -
5 255 2.49 372 4.24 522 5.76 - -
10 88 0.80 159 1.60 48 0.38 249 2.24
15 53 0.49 10.9 0.122 134 1.16 - -
20 13.7 0.144 8.4 0.089 30 0.26 17.5 0.19
25 B.D.L. B.D.L. 4.3 0,042 11.3 0.122 - -
30 4.3 0.019 3.0 0.035 0.7 0.007 5.6 0.076
40 B.D.L. B.D.L. B.D,L. 8.D.L. 0.8 0.009 - -
50 3.4 0.028 B.D.L. B.D.L. 8.2 0.073 - -
65 - - - - B.0.L. B.D.L. - -
80 - - - - - - - -
100 - - - - - - - -
Tha accumulated 137cs in mci km™2 in the soil layers was calculated from the mCi km 2cw !

figures by multiplication with 3.75 cm for samples until 5 cm, with S cm until 25 cm, For the

30 cm sample 7.5 cm was used and for the remaining samples 10 cn. Hence A1 became 33.7 mCi
137Cs km-z, Ayt 46.3 and dlz 48.0. The B.D.L.'s represent the cases when the count rate in the

662 keV U-’Cs peak was less than that expected from the contribution of 21481 to this peak.

Significant amounts of 137Cs were denerally not observed below

30 cm. If the natural logarithms of the mCi 12'Cs km™ 2 cm L
figures were plotted against the depth, the following regression
was found:

137 2 -1

mCi Ccs km™2 em~! = 8.1 ¢-0-194 depth in cm.

(Eq. 4.5).
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Table 4.5.2. Anova table with regression of 137Cs in soil from

Skydebanen, Ris® (Eq. 4.5)

2 2

Sources of variation df ssp s v P

Among depth 6 78.12 13.02 22.96 >99.95%
Linear regression 1 77.79 713.79 1226.03 >99,95%
Deviations from regression 5  0.32 0,063 0.11 -
Within groups 16 9.07 0.57 - -
Total 28 165.30

As shown in table 4.5.2, the deviations from linear regression

are zero and the regression is highly significant.

If the infinite depth integral of Eq. 4.5 was calculated, the
137 137Cs km—z; this
agreed with the mean of the estimates shown in table 4.5.1

(42.7 mci 137cs km™?

method of taking vertical cores at Skydebanen near to trench A

yielded 51 mci “37cs km™2

42.8 mCi km-z, 10 - 20: 7.15, 20 - 30: 0.55, 30 - 40: 0.51,

40 - 50: o). Compared with the previous samplings at Skydeba-
1)
n

accumulated Cs at Skydebanen became 42 mCi

). A soil sample collected by the old

in the upper 50 cm soil (0 - 10 cm:

ne , the 1977 samples were lower by a factor of approx. 1l.5.
The reas»n may be that the previous samples were collected from

a lower-lying part of the area.

The 1977 samples showed that vertical as well as horizontal
variations in the levels of 137Cs in soil occur even within a

relatively limited area of a few thousand mz.

4.6. Sediments

North of the outlet from the Waste Treatment Station at Risg
(fig. 3.1.2.1), marine sediment samples were collected with a
HAPS sampler. Cores down to a depth of approx. 15 cm were
analysed by Ge (y) spectrometry. Table 4.6.1 shows the results,
which are equal to those in previous years.




Table 4.6.1. Cesium-1

7 in sediment samples collected

in Roskilde Fjurd in 1977 (HAPS) (145 cmz,\
pate pepth  pci 37cs kg™t mei P3cs km7?
in cm

March 3 0-15 174 22
May 10 0-15 152:19 26:2
June 2 0-14 142+39 21+4
July 13 0-14 176:12 27+2
August 12 0~-14 149+8 23+1
September 23 0-13 120 19
Mean 152 23
S.D. 21 3
S.E. 9 1

137

In table 4.6.2 the vertical distribution of

ment cores collected in the North Sea in 1977

sample collected northwest of the outlet
137

a deposition of 52 mCi

Cs km™ 2

Cs in two sedi-

is shown. The

of the Elbe showed

in the sediment layer 0-18 cm,

probably a result of a high sedimentation rate in this area.

The other sediment sample contained 16 mCi

137

2

Cs km “ i.e.

comparable to the levels in sediments collected in inner Danish

1)

waters .

Table 4.6.2.

Cesium=137 in sediment samples

collected by the Dana in the North Sea in

February 1977, (Unit: mCj krn-z per 3 cm)

Depth Sandy Clay

inem 530450y 02%56'E  54°14'n 07°46'E
0m 32 m

0-3 5.4:0.8 4.4

3-6 6.4:0.2 8.6

6-9 4.6:0.9 10.9

9-12 8.6

12-15 11.6

15-18 7.9




5. DANISH FOOD AND VARIOUS VEGETATION

by A. Aarkrog

5.1. Strontium-90 and Cesium-137 in dried milk from the entire

country

As in previous years, monthly samples of dried milk were col-
lected from seven locations in Denmark (cf. fig. 5.1.1) but some
of the analyses for l37Cs were performed on pooled guarterly
samples.

Table 5.1.1 shows the results of the 90Sr determinations and
table 5.1.2 the analysis of vaiiance of the results. As in
recent years, the time variation was significant for S.U.; the
levels in the last quarter of the year were the highest. The
S.U. mean level in 1977 was 2.9 pCi 90, (g ca)”l, i.e. 0.85
times the 1976 mean.

Table 5.1.1. Strontium-30 (pCi (g Ca)~ %) in Danish dried milk in 1977

Month Hjerring  Arhus Videbak  Apenrd Odense Ringsted Lolland Mean

Falster

Mon
Jan 2.9 2.7 4.2 3.2 1.62 1,77 1.68 A 2.6
Feb 2.9 2.4 2.9 2,8 1.91 2,1 1.45 A 2.4
March 3.1 2.6 3.2 3.5 1.65 1.68 A 1,50 A 2.5
April 2.8 2.9 3.8 3.3 2,05 1.52 A 1.36 2.5
May 2,3 2.5:0,2 3.3 3.0 1.762:0.02 1,67 A 1.66:0,14 2.3
June 3,320.7 3.,110.5 3.821.0 3,9:0.4 2.5 0.4 2,0 :0.4 1.68:-0,21 2.9
July 2,920.5 3,0:0,4 3.4:0.2 3.9:0.5 2,1 :0,2 1,65:0,2 ' 1,60:0.,27 2.6
Aug 3.220,4 3.0:0.4 3.,620,3 3.8:0,2 2.3 +0.2 2,1 :0.4 2.1 +0,2 2.9
Sept 3.1£0,5 3.8+0,2 4,.8:0.3 4,5:0,2 2.8 0.4 2,8 :0,1 2.1 0.4 3.4
Oct 3.400,2 3,5:0.4 4,8:0,2 4.1:0.5 2.6 :0.5 2.7 :0.4 2,0 =0.3 3.3
Nov 3.7:0.3 3,3:0.,2 3,9:0.2 4,2:0,2 2.7 :0.3} 2,8 0.0 1.97<0,08 3.2
Dec 3.7 3.6 4.8 s.1 3.2 3.0 2.4 3.7
Mean 3.1 3.0 3.9 3.8 2.3 2,2 1.8 2.9

As 1 litre of milk contains 1,2 ¢ Ca, the mean 90

Sr content in Danish milk produced in
1977 was 3.5 pci 171,



Table 5.1.2. Analysis of variance of 1ln pCi S%g ¢ (g ca)~*
in dried milk in 1977 (from table 5.1.1)
Variation SSD £ s2 v2 P

Between locations 2.605 11 0.237 18.831 >99.95%

Between months 9.642 6 1,607 127.797 >39.95%
Loc. x months 0.830 66 0.013 0.413 -

Remainder 1.401 46 0.030

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

137
Table 5.1.3 shows the results of the
table 5.1.4 the analysis of variance of the results. The M.U.

137 (g K)-l, or 1.2 times the

Cs determinations and

mean level in 1977 was 3.1 pCi
1976 1level.

Table 5.1.3. Cesium-137 (pCi (g K)-l) in Danish dried milk in 1977

Month Hierring Arhus Videbak Abenrd Odense Ringsted Lolland Mean

Falster

Mén
Jan
Feb 3.0 1,55 0.92 B 2,2 1,02 A 0.75 A 0.97 A 1.49
Mar
Apr 2.3 1.40 1.7¢ 2.8 0.56 B 1.45 1.16 A 1.62
May 2,1 2,2 3.0 1.85 1.58 A 1.91 4.2 2.4
June 4.0 4.9 6.4 5.8 1.75 3.6 0.74 A 3.9
July 3.9 4.6 8.0 7.1 2,7 2.6 1.98 4.4
Aug 4.6 5.9 5.8 7.4 3.4 3.5 2.0 4.7
Sept 5.0 4,8 8.2 6.5 3.7 2.9 1.8 4.7
oct 5.1 4.6 6.3 6.8 2,1 A 1,72 2.7 4.2
Nov 3.8 3.5 5.1 4.8 2.7 2.6 2.3 3.5
Dec 3.8 3,1 5.5 5.0 3.7 2.4 2.4 3.7
Mean? 3.6 3.3 4.4 4.6 2.1 2.1 1.86 3.1

As 1 litre of milk contains approx., 1,66 g K, the mean 1:‘-’Cs content in Danish

milk in 1977 was estimated at 5.1 pCi 1-1.
*Weighted mean,
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