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Abstract. Strontium-90, radiocesium and other radionuclides

were determined in samples from all over the country of air,

precipitation, stream water, lake water, ground water, drinking

water, sea water, soil, sediments, dried milk, fresh milk, meat,

fish, cheese, eggs, grain, bread, potatoes, vegetables, fruit,

grass, moss, lichen, sea plants, total diet, and humans. Esti-

mates of the mean contents of radiostrontium and radiocesium

in the human die in Denmark during 1986 are civen. Tritium

was determined in-precipitation, ground water, other fresh

waters and sea water. The 'bbackground was measured regularly

by TLD, ionization chamber and on site 0 spectroscopy at loca-

tions around Ris , at ten of the State experimental farms,
Naes,

along the coasts of the Great Belt and around Gylling ANe-. The

marine environments at Barsebk and Ringhals were monitored
for 137Cs and corrosion products (58Co 60Co, 652n, 54Mn).

The Chernobyl accident caused a substantial expansion of the

environmental monitoring activities in Denmark. The programme

was expanded to an extent similar to that in the sixties.
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ABBREVIATIONS AND UNITS

J: joule: the unit of energyj 1 J *1 Nm 0.239 cal)
Gy: gray: the unit of absorbed dose I J kg- 1( 100 rad)
Sv: sievert: the unit of dose equivalent = 1 J kg-1 (- 100 rem)
Bq: becquerel: the unit of radioactivity = 1 s ( 27 pCi)

cal: calorie - 4.186 J

rad: 0.01 Gy

rem: 0.01 Sv

Ci: curie: 37110Bq 2.22x102 dpm)

E: exa: 10 18

P: peta: 1015

T: tera: 1012

G: giga: 109
M: mega: 106

k: kilo:10

in: milli: 1-

IA: mikro: 1-

n: nano: 10-9

P: Pico: 10-12

f: femto: 10- 15

a: atto: 10- 18

pro capite: per individual

TNT: trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent
to 109kg TNT.

cpm: counts per minute

dpm: disintegrations per minute
OR: observed ratio

CF: concentration factor
FP: fission products

PiR: micro-roentgen, 10-6 roentgen
S.U. :pCi 90Sr (g Ca)F1

O.R. :observed ratio
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M.U.:pCi 137CS (g K)-1

V: vertebrae

m: male

f: female

nSr: natural (stable) Sr

eqv. mg KCI: equivalents mg KCI: activity as from I mg KCI

(~ 0.96 dpm - 0.016 Bq; 1 g K = 30.65 Bq)

/(x-xi) 2

S.D.: standard deviation: I n(i
/ (n-i)

S.E.: standard error:
_V n(n-1)

U.C.L.: upper control level

L.C.L.: lower control level

S.S.D.: sum of squares of deviation: (i-xi) 2

f: degrees of freedom
s2: variance

v2: ratio between the variance in auestion and the

residual variance

P: probability fractile of the distribution in question

n: coefficient of variation, relative standard deviation

ANOVA: 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%)

** : significant (P > 99%)

***: highly significant (P > 99.9%)
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1. INTRODUCTION

1.1.

The present report is the thirtieth of a series of periodic re-

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

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

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

duction and a chapter on organization and facilities there fol-

lows a chapter on environmental monitoring around nuclear fa-

cilities (Rise, Barseblck and Ringhals). Chapter four deals

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

water and soil. Chapters five and six comprise fallout nuclides

in the human diet, various vegetation and human tissues. Chap-

ter seven is devoted to a general discussion of environmental

tritium studies. External radiation is treated in chapter

eight. The names of the authors of each chapter appear at its

head.

Although the programme was expanded substantially after the

Chernobyl accident in Ukraine in April 1986, we have not found

it necessary to change the organization of the material. We

have, however, removed some of the very detailed tables for air,

precipitation, grass and milk collected at Rise to the Appendix.

1.2.

The methods of radiochemical analysis 2- 4) and the statistical

treatment of the results 5'12) are still based on the principles

established in previous reports
I)"
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1.3.

The detailed tables of the environmental monitoring programme

for Riso National Laboratory appear in the two semiannual re-

ports: Radioactivity in the Rise district January-June 1986

and July-December 1986, which are available from the Rise Li-

brary.

1.4.

The report contains no information on sample collection and

analysis except in cases where these procedures have been

altered.

1.5.

In 1986 the personnel of the Environmental Control Section of

the Health Physics Department consisted of two chemists, one

biologist, one physicist, ten laboratory technicians, three

sample collectors, and two laboratory assistants. The group

for Electronics Development and Maintenance gave assistance

with the maintenance of counting equipment.

1.6.

The composition of the average Danish diet used in this report

is identical with that proposed in 1962 by the late Professor

E. Hoff-Jorgensen, Ph.D.
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2. FACILITIES
1'6'7'

8 )

By S.P. Nielsen

2.1. Detectors

The samples are measured as follows:

Alpha (239 pu, 24 1Am): 22 solid-state surface barrier detectors

connected to multichannel analyzers (512 channels per detector)

and another two for total alpha counting.

Beta (9 0Y mainly): Six "multidetector"-systems each containing

5 sample counters and a common anticoincidence shield are used.

Gamma (natural and fallout isotopes): A total of 9 germanium

detectors in 10 cm lead shields are used for gamma spectrometric

measurements. 5 detectors are connected to hard-wired multi-

channel analyzers and 4 to MCA-cards in a personal computer.

The efficiencies of the detectors are in the range 12-40% re-

lative to a 3" x 3" NaI (TI) detector. A 8" x 4" NaI(Tl) in

an underground shielded room is used for gamma-spectrometric

whole-body measurements.

2.2. Data treatment

Measured spectra are transferred to a Burroughs B7800 computer

for evaluation.

A program system STATDATA 16 ) is developed for registration and

treatment of environmental measurements including multichannel

analyzer spectra. To date, approximately 90 000 sets of results

have been registered covering the period from 1957.
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3. ENVIRONMENTAL MONITORING AT RISO, BARSEBACK AND

RINGHALS IN 1986

by H. Dahlgaard

3.1 Environmental monitoring at Riso

From the two semiannual reports: Radioactivity in the Riso di-

strict January-June 1986 and July-December 1986 the results of

the environmental monitoring at Rise are presented. The reports

are available from the Riso Library.

The various anthropogenic radionuclides measured outside the

Rise area came from non-Rise sources, preferentially from the

Chernobyl accident.

3.2. Marine environmental monitoring at Barseblck and Ringhals

The radiological monitoring of the marine environment around

the two nuclear power plants at Barseblck and Ringhals in

Sweden1 ) was continued in 1986.

Figures 3.2.1.1 and 3.2.1.2 show the sampling locations.

3.2.1. y-emitting radionuclides in brown algae

Table 3.2.1.1 shows the radionuclide concentrations found by

y-spectrometric analysis in brown alqae sampled near Ringhals

in 1986. Monthly data on radionuclides in seaweed from Barseblck

and Rinqhals are reported from the experimental proqramme in

chapter 3.2.5. The data are expressed on the basis of dry

weight. Dry matter contents are qiven.
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Fig. 3.2.1.1. Sampling locations at BarsebIck. 49 and 50

indicate fishing tracks. Arrows indicate cooling water intake

and outlet.
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Table 3.2.1.3 shows a comparison of the 3 fucoids Fucus vesicu-

Josue, Fucus serratus and Ascophyllum nodosum. The levels of

significance of differences from unity are indicated.

Table 3.2.1.3.. Ratios oE activity concentrations

on dry weiaht basis in Pucus vesiculosus (Fu.ve.),

Fucus serratus (Fu.se.) and Ascophylium nodosum

(As.no.) collected at Rinahals 1978-1986

Isotope Fu.ve./Fu.se. Fu.ve./As.no.

60 CO 0.81***20.046 (n-30) 1.3* 20.13 (n-17)

5 8CO 0.82***t0.040 (n-29) 2.4***i0.27 (n-15)

54 Mn 0.98 t0.068 (n-25) 3.5***±0.33 (n-U)

65 2n 0.S0***tO.058 (n-25) 1.2 ±0.17 (n-16)

110~g 1.52** :!0.159 (n-18) 1.2 ±0.18 (n-11)

17S 1.04 20.032 (n-29) 1.4***±0.05 (n-15)

131, 0.94 (n-1) 1.2 (n-1)

9 52r 0.89 (n-i)

1 24 Sb 0.70 (n-1) 1.3 (n-1)

57CO 0.8 (n-1)
1 34Cs 1.03 ±0.()59 (n-5) 1.5 A0.04 (n-2)

1031t, 1.29 A0.249 (n-5) 2.5 t1.17 (n-2)

106Ru 1.25 ±0.261 (n-5) 2.3 ±0.38 (n-2)

144CO 0.47 (n-1)

The error term was I S.E.
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In Figures 3.2.1.3-3.2.1.11 we have compared the discharges of
various radionuclides with the calculated transfer factors for
the period 1983-1987. It is evident that the transfer factors
are not constant (as we would have liked them to be) . In case
Of 1 1 0mAg (Fig. 3.2.1.7) the Chernobyl accident evidently in-
fluenced the transfer factors in 1986.

g2.4 o

0 0'Mn
wl .6 0 0
0

0
OP o 8 0 0 0 0

o0 0  c P c a 0 o 0 0ccP cIb %p 000ac 00oc

40 1

30 0 0 51.Mn

ILL~ 20 0 00 00

10 0 CP ob a 0 0
0 obo 0_ ________CO

1983 1984 1985 1986 1987
YEAR

Fig. 3.2. 1.3. Monthly discharge and transfer factors MT) to Fucus

from Ringhals for5 K

The TF is calculated as the ratio between activity concentration in

Fucus (sq kg - dry) and the monthly discharge (G~q month-') average

over 6 months previous to the rucus sampling.
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8 C - 00 0o, O o 0o0 Oo)

0 -1 1 l b -, -C O

1983 1984 1985 1986 1987
YEAR

Fig. 3.2.1.4. Discharge and TF to Fucus from Ringhals (cf. Fig. 3.2.1.3).

a 5 0  , I I I I I
O 40 - 60CO 0

w 30

<20 0 00
I 0 0

10 00 0 00 0 0

0 o o , 0 oq, , 0oooOO4 o

24 , 0
20 6OCo 00
16 00

~1 00 0 0
0 o 008 O 0

000 I II

1983 1984 1985 1986 , 1987
YEAR

Fig. 3.2.1.5. Discharge and TF to Fucus from Ringhals (cf. Fig. 3.2.1.3).
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Pi. .2. 1.6. Discharge and TF' to Fucus from Ringhals (cf. Fig. 3.2.1.3).
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Fi. .2.1.7. Discharge and TW to Fucus from Ringhals (cf. Pig. 3.2.1.3).
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Fig. 3.2.1.8. Discharge and TF to Fucus from Barsebick (cf. Fig. 3.2.1.3).
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Fig. 3.2.1.9. Discharge and TIP to Fcuas from BarsebKlk (cf. Fig. 3.2.1.3).
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Fig. 3.2.1.10. Discharge and TF to Fucus from Barseblck (cf. Fig. 3.2.1.3).
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3.2.2. y-emitting radionuclides in benthic invertebrates

and fish

Table 3.2.2.1 shows results of the y-countings on benthic animals

and fish from Ringhals and BarsebAck in 1986. The dose commitment

to a hypothetical critical individual consuming 20 kg Mytilus

edulis soft parts (fresh weight) yearly would be approximately

1.9 zSv y- 1 based on mussels from Table 3.2.2.1. This is < 0.1%

of the background radiation dose (c 2 mSv yr-1 ).

Table 3.2.1. Gama-.mitting radionuclides in benthic animals and fish collected at Rinqhals and

Sarlabick in 19I. (Unitt Sq kq
- 1 

fresh)

species Fish meat Plaice mat Dab meat Edible crab Mytilus edulis Mytilu8 edulis

totali eat meat

Dat* 30/5 31/5 10/6 10/6 26/2 31/1

Location BarsebAck Sareebick Singhals Ringhals Rinqhals Rinqhals

Station NO.- 25 30 14 14 95 90

% dry matter - - - 32.5 19.0 21.2

Depth in m 0.3 '20 17 17 - -

0CO -- 1.77 4.9 4.5

GSn - - 4.1 A

110Aq - - 3.9 A
34
C. - 0.3 -

137C. 2.6 3.1 2.9 3.5 2.6 A 2.5

-Ct. rig. 3.2.1.1 and 3.2.1.2.

AUnit. Bq kq
"1 

dry.

3.2.4. y-emitting radionuclides in sea sediments

Results from sediment samples collected at B-rsebgck and Ring-

hals with the HAPS bottom corer are shown in Tables 3.2.4.1 and

3.2.4.2. At both sites 6 0 Co from the power plants is seen to

have accumulated in the sediments.
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Table 3.2.4.1. Gamma-emitting radionuclides in sediment samples collected

at Sarsebick, 55045'N 120521E, location 38, in 1986. (Area: 0.0145 n2)

Layer 
6 0

Co 
6 0

Co 
1 3 7

C, 
1 3 7

Cs
Date in cm

Sq kq
- 1 

dry sq *-2 Sq kg
- 1 

dry Bq 
- 2

30/5 0-3 13.4 66 64 310

3-15 4.8 210 35 1490

0-15 11280 11800

19/11 0-3 11.0 59 79 420

3-6 - - 48 400

6-15 - 10.8 350

0-15 1 59 1 1170

Tahle 3.2.4.2. Gampa-emittinq radionuclides in sediment samples collected at

Rinqhals, 57015'IN 12o0419. loestion 2, in 19A6. (Area: 0.n145 m2)

Layer 
6 0

Co 
6 0

Co 
1
3
4
C, 

13 4
Cs 

1 3 7
C, 

13 7
Cs

Date in cm
Sq kg

-1 
dry Sq m

-
2 Sq kq

1 I 
dry Sq m-2 Bq kq

-
1 dry Bq m

- 2

11/6 0-3 14.0 194 2.1 A 29 A 25 350

3-6 14.3 330 - - 27 620

6-15 1.25 137 - 7.8 850

0-15 L 660 X 29 X 1820
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3.2.5. Field experiments at Ringhals, Barseb8ck and Forsmark

For 1986 the time-integrated water samplings were only car-

ried out at Forsmark. At Barsebbck and Ringhals the monthly

sampling programme had (as in 1985) 3 parts: 1) Local Fucus

vesiculosus plants and at Ringhals also Fucus serratus; 2) un-

contaminated Fucus vesiculosus transplanted to the contaminated

areas one month prior to sampling and 3) contaminated plants

transplanted to an uncontaminated area, where they should be

sampled monthly for 6 months. The loss-measurements were ini-

tiated every 3 months. The overall idea of this programme was

to gather data to support a model on especially seasonal varia-

tion in bioindicator response.

Ringhals results

Tables 3.2.5.1-3.2.5.7 give the Ringhals data. In Figure 3.2.5.1

the relations between monthly values for discharge, local Fucus

vesiculosus from the cooling water channel and plants trans-

planted to the same site from a low level location: Varberg,

one month prior to sampling has been shown. The "background"

at Varberg can be seen in Table 5.11.3.

The transfer factors obtained during one month of accumulation
(Table 3.2.5.6) was expected to show a distinct seasonal varia-

tion with a summer maximum, as in 1985 this was not observed -
maybe because of other variables. One cause of variation might

be differences in current patterns leading a variable amount

of activity to the site. Compared to 1985 the mean transfer

factors in 1986 were nearly the same except that for 110mAg,

which due to Chernobyl was much higher in 1986.

As seen previously1 ) the level in the cooling water intake

channel (Table 3.2.5.4) is higher than just outside the channel

(Table 3.2.5.3), except for the Chernobyl fallout nuclides
(9 5Zr, 10 3Ru, 106Ru, 110'Ag, 134Cs, 137Cs, 140Ba, 140 14Ce

and 144Ce) for which it was opposite.

Table 5.3.2.7 and Figure 5.3.2.1 show activity in Fucus after

translocation from Ringhals to the low-active area, Varberq.
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60 Co - loss Varberg
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Figure 3.2.5.1. Concentration of 60Co in Fuc s vesictilosus translocated

from Ringhals to Varberg (low activity). Data from Table 3.2.5.7.
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The material is far less complete than planned, but for the

winter (Jan 2) as well as for the summer (July 1) translocation

we observed steep decreases in activity 3 months after the
translocation to Varberg.

BarsebAck results
Tables 3.2.5.8-3.2.5.13 and Figures 3.2.5.3 and 3.2.5.4 give the

Barsebick data. Also here lost data perturbed the project. For
this site Limhamn was used as low-level site for Fucus trans-

plants (cf. Fig. 3.2.5.2). The background at Limhamn is seen

in Table 5.11.3.

Neither at Barsebick could any seasonal variation be quantified

from the one-month accumulation experiments (Tables 3.2.5.11 and

3.2.5.12). But in case of 60Co the variation in transfer factors
from month to month was nearly the same in 1986 as in 1985 and
so was the annual mean.

__ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - *-
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Figure 3.2.5.2. Concentration of 60 Co in FUcus vesiculosus trans-

located from Barseb~ck to Linhamn (low activity). Data from Table

3.2.5.13.

Forsmark results
Tables 3.2.5.14-17 show data on radionuclides in water from the
Biotest area, discharge from Forsmark and calculated transfer
factors from discharge to water. The time-integrated water
sampling procedure was described in the 1983-report1 ).

The water samplings at Forsmark were performed by the National
Swedish Environmental Protection Board, and the results should
be compared with their measurements on biota and sediments. A
map of the location is shown in Figure 3.2.5.3.
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Table 3.2.5.15. Reported annual liquid discharges from

Forsmark I and II in 1984-1986 from reference 36

Isotope 1984 1985 1986

51Cr 4.9-1011 3.3-1010 1.9-1010
5 4Mn 4.7x109 6.1-109 7.8-109

5 7CO 9.0X108 4.1.107 9.4-107

5 8Co 3.8-1010 5.2-1010 2.8-1010

5 9Fe 4.7-107 0 0
6 0Co 9.2-1010 2.0-1011 3.5-1011

6 5Zn 2.4-1010 3.1,1010 3.5,1010

9 5Zr 1.8,108 0 0

95 Nb 5.3-108 0 0

103Ru 2.9,108 0 0

110MAg 5.6-109 4.8-109 7.6-109

124Sb 8.1X109 2.2-1010 5.2-109

125Sb 1.4-109 6.4-108 1.2x109

1311 1.7-1010 4.4-109 1.5x109

13 4Cs 8.6.107 3.6-109 2.6,108

137 Cs 3.7x108 4.4-109 6.5108

140Ba 5.2-109 0 0

140 La 2.8-109 6.1.107 2.4.108

141Ce 1.6x,012 1.6,108 4.7,108

Li
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Table 3.2.5.18. Radiocobalt and Zinc-65 in time-integrated

water samples collected at the intake to the bioteat-area,
Foramark in 1986 (Unit: Bq m3

Isotope 12/9-6/10 6/11-1/12

58CO 12 A -
60CO 134 38
6 52n 20 8.7

Forsmark ts

*/ U*

Figure 3.2.5.3. The biotest basin at Forsmrk. The water amples

were taken at the outlet from the basin.
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4. FALLOUT NUCLIDES TN THE ABIOTIC ENVIRONMENT

. by A. Aarkroq and Heinz Hansen

4.1. Air

4.1.1. Radiostrontium

The mean air activity for 1986 was 26 VBq 90 Sr m
- 3 mean of big

and small air samplers and glass fibre filters. This is an in-

crease by two orders of magnitude since last year due to the

Chernobyl accident. The 
9 0Sr disappeared more rapidly from the

air than the radiocesium. Already by September the 
90 Sr levels

were back to fallout background again.

For the period May-Sept 1986 the inteqral air activity was 5.7

mBQ m- 3 days in Bornholm (Table 4.1.1.2), while we on the two

Table 4.1.1.1. Strontium-90 in air collected at Rise in 1986. (Unit: Aq M
-
3)

Month Big sampler, glass 
89

Sr/
90

Sr Small sampler 
89

Sr/
90
Sr

fibre filter, shunt glass fibre

Jan 1 - April 26 0.48 8 0.53

April 27-28 (1 day) 5700 19.7 (5700)

Nay 145 41 12.8 84 46 16.0

June 4.111.9 1.890.23

July 0.97 B 0.83 A

Auq 0.53 a 0.31 8

Sept 0.32 8 1.24

Oct-Dec -0.24 8 0.61 a

1988 28.6 (23.,)*

*The annual mean for the smail sampler included the peak value from April 27-28

obtained from the big sampler.

The error terms are 1 8.3. of double determinations.

+Decay corrected to April 26, 1986.
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samples at Rise measured 4.7 and 2.7 mBq 90Sr m-3 days, respect-

ively. The small sampler, however, did not include the first 4

days of May. The mean of 8 9 Sr/ 9 0 Sr (on April 26) was 16+3.5

(N - 3; +1 S.D.).

Figure 4.1.1 shows the quarterly levels of 9 0 Sr in air since

1957.

Table 4.1.1.2. Strontium-90 in air collected

at Bornholm May-Sept 1986 (Unit: 0Bq w-3)

Month Biq sampler, alass
fihre filter, shunt

May 172

June 4.6 A

July 2.0 A

Aug 2.6 B

Sept 2.8 B

4.1.2. Radiocesium

The Chernobyl accident was first of all characterized by its

release of radiocesium. It has been estimated that approximately

100 PBq 13 7 Cs and about 50 PBq 1 3 4 Cs were released 2 0 ). One

third of this was deposited within the European part of the

USSR, i.e. about I MCi 137Cs and 0.5 MCi 13 4Cs2 2 ).

The peak air activity at Rise occurred between April 27 noon

and April 28 noon, when the air concentrations were 0.24 Bq
137Cs m-3 and 0.13 Bq 134Cs m- 3.

The mean concentration of 137Cs in air in 1986 increased by a

factor of nearly 2000 compared to 1985.
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For the period May-Sept 1986 the integrated air activity at

Rise was 0.25 Bq 13 7 Cs m-3 days and at Bornholm we measured

0.51 Bq 137Cs m- 3 days. The 90Sr/ 13 7Cs in this period was 0.019

at Rise and 0.011 at Bornholm. In the Rise "peak sample" from

27-28 April the 90Sr/ 137 Cs was 0.024.

Table 4.1.2.1. Radiocesium in air collected in

qlasa-fibre filters by the biq air sampler at Ria.
in 1986. (Unitt piq m-3)

Month 
1 37

C, 
13 4

Cs

January 0.47 A

February 0.94

March 1.00 -

April 8000 4500

May 7700 4400

June 160 87

July 65 33

August 30 15

September 19 9.6

October 21 10

November 13.3 5.8

December 23 10

1986 1340

Table 4.1.2.2. Radioceaium in air collected

at the big air sampler in Bornholm May-Dec 1986

(Unit: mBq M
-
3)

Month 
1 3 7

C, 
134

Ca

May 16100 9000

June 153 84

July 28 13.9

August 16.5 8.4

September 10.3 5.0

October 17.9 8.1

November 9.1 4.2

December 14.S 7.3
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Figures 4.1.2.1-4.1.2.4 show the concentrations of 137Cs in air

collected at Rise and Bornholm since the Chernobyl accident.

Figure 4.1.2.1 shows that the air concentration decreased rapid-

ly after the first peak on 27-28 April: but a new maximum occurs

in the first days of May with a peak on May 7. Then the 
137Cs

activity disappears from the air with a halflife of approximate-

ly 1 week. However, when we come to July a peculiar pattern ap-

pears from Fiq. 4.1.2.2: In the first days of the week (Monday-

Thursday) the air concentrations are an order of maqnitude hiqher

than in the weekend (Friday-Sunday). This pattern continued un-

til the last half of August, when the situation became more

blurred. However, the air activity decreased much more slowly

than in the first two months after the accident. From July to

December the 137Cs concentrations thus only decreased by a fac-

tor of two or three.

What we see is a substantial resuspension of the deposited Cher-

nobyl radiocesium. Furthermore, this resuspension seems to have

been strongly influenced by the human activities in the working

days of the week. At Rise it may during July-August have been

due to the more intense traffic on the roads during the working

days than in the weekends. When the phenomenon disappears after

a few months it may be because the Chernobyl dust then has been

removed from the roads and their neiahbourhood and thus no more

can be influenced by the traffic. The broader peak seen in Fiq.

4.1.2.2 at the beqinninq of September may be due to the burninq

of the fields after harvest. We may compare the total integrated
13 7Cs air activity from Chernobyl measured at Rise with that

measured from global fallout. Chernobyl released 100 PBq 13 7Cs

and resulted in 1.3 mBq 137 Cs m- 3 year. Global fallout has re-

leased 740 PBq 137Cs (UNSCEAR, 1982) and gave 7.4 mBq 
137Cs m-3

year. Normalized to a release of I PBq 13 7Cs, global fallout

thus gives 10 iiBq 137Cs M- 3 year while Chernobyl gave 13 UBq

m -3 year. It is, however, important to notice that while es-

sentially all the activity from Chernobyl was delivered within

a few months the global fallout of 13 7Cs will disappear from the

atmosphere with an effective half-life of 10 months. That is

due to the fact that the Chernobyl debris was injected in the

troposphere only, while global fallout comes mostly from the

stratosphere.
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Table 4.1.2.3. Cesium-137 in
air collected at Rise 1958-19R6

Year fci M- 3  j m- 3

1958 4.2 155

1959 13.1 480

1960 1.98 73

1961 2.3 84

1962 23 850

1963 66 2400

1964 31 1150

1965 10.6 390

1966 5.7 210

1967 2.1 79

1968 2.4 88

1969 2.4 91

1970 3.4 127

1971 2.7 98

1972 1.37 51

1973 0.47 17.3

1974 1.96 73

1975 1.30 48

1976 0.42 15.5

1977 1.62 60

1978 1.70 63

1979 0.62 23

1980 0.24 8.7

1981 0.81 30

1982 0.146 5.4

1983 0.053 1.97

1984 0.036 1.35

1985 0.0184 0.68

1986 36 1340
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Chernobyl has, however, shown us that after the deposition of
the debris there is a period with resuspension which may last

more than a year after the deposition.

Figure 4.1.2.5 shows the air concentrations at various loca-
tions in Denmark during the passage of the first and second
clouds from Chernobyl. The samples were obtained from a sam-

pling network operated for other purposes by the Air Pollution

10 6 1 1 1 F f I I I I III II II

Air Collected at Rise in 1986

105

(T 10'E

g 3

102

27 5 10 15 20 25 30 5 10 15 20 25 30

apil may june

Fig. 4.1.2.1. Cesium-137 in air collected at Rise, Denmark,

in the period hpril 27-June 30, 1986 (cf. also Fig. 4.1.2.2).
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Laboratory of the National Aaency of Environmental Protection

in Denmark*). It is remarkable that the first cloud on 27-28

April did not hit the southwestern part of the country. The

second cloud on 4-5 May was, however, most prominent in the

southern and western parts of Denmark.

1 0 6  1 1 1 11Ww w , , 1 1 1 1 J i lll, l , , , l 1 ], , 1 11, t l ~ l , l l , , l

Air Collected at Bornholm in 1986

10 5

'E 10'

102

10 I 1111 1I~ijIII IiU

27 5 10 15 20 25 30 5 10 15 20 25 30

april May june

Fig. 4.1.2.3. Cesium-137 in air collected at Bornholm, Denmark,

in the period May-June 1986 (cf. also Fig. 4.1.2.4).

*The filters collected only particulates and they filtered

approximately 60 m3 in 24 hours.
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Cesium -137 in Air from 1986, mBq m-3

59ON 27April 4 May 59ON
28 April 15 May

58ON 58ON

15 8
2 13

570N 570N

6131
2 41

560N - 153012 2~ 560N

55ON 1 13 __ _ 550N

5151. 0N

70E 80E 90E 10-E 110E 120E 130E 14PE 150E 160E

Figure 4.1.2.5. Cesium-137 in ground level air collected at stations

operated by the Air Pollution Laboratory of the National Agency of

Environmental Protection in Denmark in April-May 1986.
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The mean 137Cs/90 Sr ratio in Rise air was 52 in 1986. Rise rain

showed a ratio of 35 (Tables 4.2.1.6 and 4.2.2.4). Table 4.1.2.3

shows the annual 1 3 7 Cs concentrations in air collected at Rise

since 1958.

Table 4.1.3.1. Short-lived isotopes in Chernobyl debris

Date 
13 2

Tc/
13 1

1 1331,1311~ Sample type Location
(t 12:00) A=0.127 d-1 AS0.714 d

26 April 0.67 - Lorry dust Brest, Ukraine

27 April 0.46 - Air Charlottenlund OX Zealand

-- 0.4S - Nastved-

28 April 0.46 0.33 - 24-28/4 Risa

- - 0.59 - -'-Charlottenlund--

-- 0.71 0.25 Cutter filter Baltic Sea DR Bornholm

-- 0.077 0.26 Grass Rise DR Zealand

- - 0.068 0.38 - .-- -

-- 0.061 0.38 - .- Vindinge --

- .050 0.29 - .- Tune--

-- 0.086 0.30 - . - Himmelev

29 April 0.38 0.129 Air 28-29/4 Rise--

-- 0.29 0.143 --- 29/4-

- - 0.082 0.134 Grass--

-- 0.51 0.22 Dry fallout 1-29/4 Rise--

-- 0.062 - Grass Tylatrup DR N-Jutland

30 April 0.072 0.077 - .- Rise- DR Zealand

1 may 0.109 0.038 - .-- -

2 May 0.102 0.0488B - . - .--

-- 0.123 - - .- Ledreborg -

3 May 0.058 - - .- Grevinge -

-- - 0.068 - - .- S-Jutland DR S-Jutland

4 May 0.048 - - - - -Halland Sweden

-- 0.034 0.0088 Dandelion Rise DR Zealand

S May 0.040 0.0030 Air Rise--

--0.031 0.012 B Grass- -

- - 0.043 - -- Smidtrup --

- - 0.73 - -- Arelev DR Funen



-56

4.1.3. Short-lived y-emitters in air

4.1.3.1. Radioiodine. Figure 4.1.3.1 shows the 1311 concentra-

tions in air collected at Rise in the first months after the

Chernobyl accident. The maximum occurred 27 April, when the

first cloud passed over the eastern part of the country. The

samples were collected on qlass fibre filters and thus did not

contain all the iodine. The total iodine activity may have been

1.5-2 times hicher than that actually measured.

Fiqure 4.1.3.2 shows the countrywide pattern of the 1311 ac-

tivity in air during the passage of the two clouds after the

accident (cf. also Fig. 4.1.2.5). The maximum: 3 Bq 131[ m- 3

was observed at Charlottenlund in NE-Zealand on April 27. As

for 137Cs the first cloud was not detectable in Western Denmark,

while the second cloud on 4-5 May was most prominent here.

The countrywide mean ratio: 13 11/137Cs in particulate air debris

was 3.8+0.66 (N = 5; +1 S.D.) on 27 April. On 5 May we found

11*3.9 (N = 8; ±1 S.D.). This may suggest that the particulate

fraction of iodine increased from the first to the second cloud.

The efficiency of our glass fibre filters for the various chem-

ical forms of iodine is not known. We believe, however, from

simultaneous measurements with carbon beds that our qlass fibre

filter have collected between 40-80% of the total 13 1I activity

from Chernobyl. Finnish measurements 23 ) have shown that between

76 and 97% of the 1311 penetrated throuqh the class fibre filter

in Nurmiifrvi in the period April 29-June 30, 1986. We have

found that our glass fibre filters were more efficient than

that. This may, however, be a result of a heavier load with

dust (and carbon particles from coal-fired power plants) in the

Rise environment.

If we look at refractory elements such as 9 5Zr and 14 1Ce the
95 Zr/ 137Cs and 14 1Ce/1 37Cs decreased by nearly an order of mag-

nitude from the first to the second cloud. This shows that

fractionation has played an important role.
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Pi..1.3.1. Iodine-13
1 in ground level air collected at RiS0

in April-June 1986.
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Iodine-131 in Air from 1986. mBq m-3

59N 27 April4Ma 5 0N
28 April 15 May

58-N -- 58ON

570N 570N

56°N - N: F3 0 009 320 560N

55°N -1 1 55°N

54 0

53°N 53-N
70E 80E 90E 100E 110E 120E 130E 140E 150E 160E

Fig. 4.1.3.2. Iodine-131 in ground level air collected at stations

operated by the Air Pollution Laboratory of the National Agency of

Environmental Protection in Denmark in April-May 1986.
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Fig. 4.1.3.3. 133 1/13 1, in air and dust samples collected

in Denmark in 1986.
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The 13 2Te/ 13 1I did not follow the theoretical ratio. In air the

observed ratio was approximately half of the theoretical one

and in arass the ratio was nearly an order of magnitude lower

than that in air. The reason is that Te is less volatile than

Iodine and furthermore, that the deposition of Te on qrass is

lower than that of Iodine. It should be noticed that the dry

deposition of Te in our 10 m2 rain collector at Rise was ap-

proximately 8 times higher than that observed in grass samples.

A single grass sample collected May 5, 1986 at Arslev, Funen,

showed a much higher 13 2Te/ 13 1I than seen in other grass samples.

This sample may, however, have been the only one representing

wet deposition as it rained over Funen April 30.

Around May 7, 1986, when the second Chernobyl cloud over Den-

mark showed its peak concentrations of radiocesium short-lived

radionuclides appeared again. In Sweden, Ingemansson 14 ) found

an increase in the 1331/131I and 13 2Te/ 13 11 ratios, and he con-

cluded that fission reaction had taken place again in the dam-

aged case. We were not able to detect 1331 (Fig. 4.1.3.3) in

our air filters from Rise and Bornholm, but we found 13 2Te. As

shown in Fig. 4.1.3.4 the 13 2Te/ 13 1I increased by more than an

order of magnitude. Tellurium may, however, behave otherwise

than Iodine and some of the increase could be due to fractiona-

tion phenomena. If we consider the ratio: 239Np/141Ce (Fig.

4.1.4.1) we notice again a steep increase in the ratio. In

this case it is less likely that fractionation should be the

explanation. We may also have a look at the 239Np/1 37Cs ratio;

in this case we cannot see any increase around May 7, it rather

looks like a drop in the ratio. This may be due to fractionation

by which Cesium has been enriched relative to Neptunium, but

this enrichment was even more pronounced relative to 14 1Ce (cf.

also 4.1.3.2).

4.1.3.2. Other y-emitters. In the appendix the detailed meas-

urements of the air filters collected at Rise and Bornholm are

reported. Table 4.1.3.2 shows the 9 5Nb/9 5 Zr ratios in some of

these air filters and in a few other samples. It appears that

air collected between 9 and 12 May showed a strong depletion of
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95 Zr compared to 9 5Nb. The 9 5Nb/ 9 5Zr was significantly higher

than the theoretical ratio. This phenomenon was perhaps due to

some scavenging process in the reactor, where the Zr-cladding

of the fuel elements may have retained the Zr more efficiently

than the Nb.

The 14 1Ce/ 95 Zr is as the 95Nb/ 95 Zr also usually rather insen-

sitive to fractionation, but again we notice a depletion of
9 5Zr around 9-12 May when the ratio increases by a factor of

2-4.

4.1.4. Transuranics and uranium-237 in air

4.1.4.1. Neptunium-239 and uranium-237. The first samples col-

lected after the accident in Chernobyl all contained 239Np and
2 37U. These radionuclides were determined from their y -peaks at

277.6 key and 208.0 key, respectively. In the Rise air filter

collected from 24 April to 28 April the time integrals were

1.82 Bq 2 39Np m-3d and 0.23 Bq 2 3 7 U m-3d referred to April 26;

12.00. In the lorry dust sample from Brest in Ukraine the
239 Np/ 13 7CS ratio was 19, i.e. 25 times higher than in the Rise

air filter. The 237U/ 137Cs was 1.11 in the lorry dust and 0.96

in the Rise filter, all ratios referred to April 26; 12.00. The

USSR 22) has reported a 2 39Np/ 13 7Cs in the release on April 26

of 9.

We found that 239Np and 14 1Ce behaved very similar in the vari-

ous environmental samples (lorry dust, air debris, dry deposit

and qrass) (Fiq. 4.1.4.1). The dry deposition velocity of 2 39Np

on qrass was hiqher than for 137Cs (Fiq. 4.1.4.2) and probably

also than for 13 2Te (Fia. 4.1.4.3). However, 2 37U possibly

showed a hiqher dry deposition velocity than 239Np (Fig.

4.1.4.4).
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Fig. 4.1.4.1. Comparison of 2 3 9 Np/ 1 4 ICe ratio in various samples.
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Fig. 4.1.4.2. Comparison of 239Np/1 3 7Cs ratio in various samples.
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Fig. 4.1.4.3. Comparison of 1 3 2 Te/ 2 3 9 Np ratio in various samples.
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4.1.4.2. Longer-lived transuranics: Pu, Am, Cm. Some of the

more radioactive samples collected after Chernobyl were ana-

lysed radiochemically for plutonium, americium and curium. The

radiochemical analysis for Am does not separate for curium iso-

topes and these are thus determined along with Am by the -

spectroscopy. Curium-242 (half-life 162.8 d) has a peak in 6.11

MeV. Curium-243 (half-life 28.5 y) and Curium-244 (half-life

18.1 y) both have peaks around 5.8 MeV, and could not be sep-

arated from each other.

In Tables 4.1.4.1 and 4.1.4.2 we have summarized all Pu, Am and

Cm data on Chernobyl debris measured at our laboratory. Besides

air filters (Table 4.1.4.1) we have included the above-mentioned

lorry dust sample, the Cutter filter, and a few other samples

(see Table 4.1.4.2). Most of the samples were analysed twice.

It is evident that the samples were very inhomogeneous. The two

aliquots differed in some cases by nearly an order of magnitude.

Already around the middle of May Pu and Am had practically dis-

appeared from the air. We may estimate the inhalation dose from
239 ,240 pu from the air intearal: - 50 pBq m-3d received by the

first cloud from Chernobyl and the daily respiration rate 20

m-3d-1 . This gives an intake of 1 mBq 2 39 ,240 pu. The actual in-

take is lower because the air concentration is lower indoors

than outdoors. The dose from 1 mBq 239 ,2 40pu is 0.03 PSv.

If we limic ourselves to the most radioactive samples for which

the counting errors are relatively low we may calculate the

ratios between the transuranics in Chernobyl debris. This has

been done in Table 4.1.4.3. We find the following mean ratios:
238pu/239,240pu = 0.5, 2 4 1Am/2 3 9 ,2 4 0 pu = 0.1 and 2 4 2Cm/ 2 3 9, 2 4 0 pu

= 14. There is no systematic difference between the same ratio

measured in various samples, except for 24 1Am/ 239 ,2 40pu, which

probably (P > 95%) was lower in the lorry dust than in the

ether samples. The 238 pu/ 2 39 ,240Pu and 24 2Cm/ 239 ,24 0pu were re-

ported as 0.47 and 12.4 by the USSR 22 ) at the Vienna conference

about Chernobyl in August 1986, i.e. in good agreement with our

observations.
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4.2. Precipitation

4.2.1. Radiostrontium in precipitation

Samples of rain water were collected in 1986 from the State

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

ciples laid down in Rise Report No. 63, p. 511).

Tables 4.2.1.1 and 4.2.1.2 show the results of the 9 0Sr deter-

minations and Tables 4.2.1.3 and 4.2.1.4 the analysis of vari-

ance of the results.

The mean levels for ten State experimental farms were 38 Bq
90 S m- 2 and 63 Bq 9 0Sr m -3 . The fallout rate in 1986 was 47

times that observed in 1985. The 9 0Sr mean deposition in 1986

was the same in Jutland as in the Islands. Although 90 Sr only

was a minor contributor to the Chernobyl contamination, the

signal was nevertheless very significant. We have not had a

hiqher fallout rate of 9 0Sr in a sinqle year since 1971.

Table 4.2.1.5 shows the 8 9Sr/90 Sr in precipitation samples from

1986. The mean was 13.5+5.2 (+1 S.D.; N = 26) decay corrected

to April 26, 1986. The USSR 22 ) has reported a ratio of 10.

Finnish measurements33 ) aqreed with our ratio. The 90Sr concen-

tration in rain water decayed in 1986 with an effective half-

life of 3 weeks.

Table 4.2.1.6 shows the 9 0Sr in precipitation collected at Rise

partly by the 10 m 2 ion exchange sampler, partly in the 8 rain

bottles located at Rise and in the environment 21 ). The total

sampling area of these bottles is 0.23 m 2 .

The mean concentrations of 9 0 Sr in the Rise rain samples were

in good agreement with that from the state experimental farms.

The deposition differed siqnificantly between the two Rise

sample systems; the bottles collected 32 BQ m -2 (503 mm) while

the 10 m 2 ion exchanqe sampler qave 23 Bo m- 2 (395 mm). In case

of 137Cs (cf. 4.2.2) we found aqreement between deposition for

the two systems, but in this case the concentrations found in

the ion exchange sampler were higher than those in the rain

bottles.
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The grand mean of 8 9Sr/90 Sr in Rise rain (Table 4.2.1.7) was

13.0+4.5 (+1 S.D.; N = 5), i.e. in good agreement with the

countrywide mean. The 9 0Sr/ 137Cs ratio was significantly higher

in deposition than in air (cf. 4.1.2). Probably because the

rain samples did not represent the same air masses as the air

samples.

Table 4.2.1.1. Strontium-90 fall-out in Denmark in 1986 (Unit: Bq m
- 3
)

Location Jan-March April May June July-Auq Sept-Oct Nov-Dec Weighted
.mean

Tylstrup 130 410 9.0 5.6 2.9 1.52 50

Kale 0.0 (600) 75 15.0 5.7 5.5 (53)

Borris 1.01 5.1 (450) 33 9.9 2.5 0.50 (40)

Askov J30 430 154 39 4.8 2.41 8

St. Jyndevad 7.1 500 65 13.9 5.0 1.36 56

Aarslev 1 2200 1030 51 30 6.7 4.1 180

Tyetofte _I 9.9 970 51 6.9 1.10 t.12 83
0.96

Ledreborg 7.8 340 31 8.3 3.1 0.82 36

Abed (7.3) 145 25 13.9 5.6 3.5 28

Bornholm 2.0 83 480 46 23 15.2 5.7 47

Weighted mean 1.00 320 480 55 16.2 4.9 2.4 63

I m 117 32 51 19 117 133 133

Table 4.2.1.2. Strontium-90 fall-out in Denmark in 1986 (Unit; Bq m
-
2)

Location Jan-March April May June July-Aug Sept-Oct Nov-Dec 1986

Tylatrup 7.8 22 0.16 0.72 0.30 0.23 31

Kale 0.10 (23) 1.38 1.84 0.58 0.55 (28)

Borris 0.140 0.23 (29) 0.57 1.57 0.40 0.11 (32)

Askov 42 18.5 3.15 4.8 1.00 0.46 70

St. Jyndeved 0.22 35 0.82 1.33 n.75 0.27 39

Aarslev 45 36 0.83 2.04 0.82 0.47 85

Tystofte 0.24 38 0.97 0.60 0.15 0.09 40
0.092

Ledreborg 0.23 14.8 0.36 0.74 0.28 0.08 16.6

Abed (0.24) 13.2 0.54 2.14 0.78 0.28 17.3

Bornholm 0.188 3.7 15.1 1.65 3.3 1.34 0.60 26

Mean 0.126 10.0 24.5 1.04 1.91 0.65 0.32 38

Values in brackets estimated from 
137

Ca data (Table 4.2.2.2) because the samples were lost.
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Table 4.2.1.3. Analysis of variance of in Bq 90Sr m-3

precipitation, April-December 1986 (from Table 4.2.1.1)

Variation SSD f *2 v
2  

p

Between months 164.623 5 32.925 30.380 > 59.95%

Between locations 24.472 9 2.719 2.509 > 97.5%

Remainder 45.518 42 1.084

Table 4.2.1.4. Analysis of variance of In Bq 
90

Sr m
- 2

precipitation, April-December 1986 (from Table 4.2.1.2)

Variation SSD f *2 v
2  

P

Between months 94.566 5 18.913 17.459 > 99.95%

Between locations 26.556 9 2.951 2.724 > 97.5%

Remainder 45.499 42 1.083

Table 4.2.1.5. Sr-89/Sr-90 in precipitation (decay corrected

to April 26) in 1986

Location May June July-Aug Sept-Oct

Tylstrup - 10 11 -

Kale - 21 - 24

Borris - 16 7 -

Askov - 15 5 12

St. Jyndevad - 16 16 16

Aarslev 12 15 7 9

Tystofte 12 8 16

Ledreborq 14 - -

Abed 8 20 7 -

Bornholm - 25 13 15

Mean 11.5 17.2 9.2 15.3

1 S.D. 2.5 4.6 3.7 5.0



-75-

Table 4.2.1.6. Strontium-90 in precipitation collected at Rise in 1986

Month 10 *2 ion exchange sampler Eight 0.23 m2 rain bottles

Bq m
-2  Bq 

-3  Bq m
- 2 q 0

-3

Jan 0.007 0.18

Feb 0.019 {0.21Feb {0.017 t0.66

March

April 0.4810.00 17.90.1 0.073 2.1

May 21.4 10.8 520 ±20 31.1 640

June 0.54 0.03 39 .2 0.23 12.8

July 0.173 0.006 3.1 0.1 0.29 2.9

Auq 0.038 1.17 2

Sep 0.034 1.02 {0.076 0.72

Oct 0.060 1.01

Nov 0.113 3.7

Dec 0.015 0.41 0.052 0.47

1986 (395 me) z 23 X 58 (503 mm) 
3 2  

I 63

The error terms are ±1 S.E. of the mean of double determinations.

Table 4.2.1.7. Sr-89/Sr-90 in Rise rain 1986 (decay

corrected to April 26, 1986)

Month 10 m
2 
ion exchange Eight 0.23 m

2

sampler rain bottles

April 17.2 -

May 15.2±0.0 6.0

June 11.2 -

The error term is 1 S.E. of the mean of a double
determination.
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4.2.2. Radiocesium in precipitation

The most important longer-lived radionuclides from the Chernobyl

accident were 13 7Cs and 134Cs. The measurements of these iso-

topes in precipitation collected at the Danish State Experi-

mental farms are shown in Tables 4.2.2.1 and 4.2.2.2. The mean

deposition was 1070 Ba 13 7Cs m- 2 (cf. also 4.5) and the mean

concentration was 1780 Bq 137Cs m- 3 . From the 134Cs/ 137Cs found

in the precipitation samples we may estimate this ratio on

April 26, 1986 to 0.553±0.004 (mean of 50 determinations; t1

S.E.).

The 90 Sr/1 37Cs mean ratios in May, June and July-Aug were

0.041t0.004 (t1 S.E.; N = 8), 0.016t0.003 (±1 S.E.; N = 10)

and 0.026*0.005 (±1 S.E.; N = 10), respectively. In the last

four months of the year the 90Sr/ 13 7Cs was approximately 0.03.

This may, however, be a little too high for Chernobyl debris,

because the fallout background of 9 0Sr may play a role in this

period, due to the decreasing Chernobyl levels. In the first

months after the accident the rain water concentrations of
13 7Cs decreased with an effective halflife of approximately 3

weeks as also observed for 9 0Sr (cf. 4.2.1), but from October

the decrease becomes slower. We notice that the concentrations

are highest at those stations with the highest deposition in

May-June from Chernobyl, i.e. Askov and Arslev. We assume that

we deal with local resuspension of Chernobyl radiocesium.

The two rain collector systems at Rise (10 m2 ion exchanqe

collector and 0.23 m 2 or 1 m2 rain bottles) both qave a 137Cs

deposition about 800 Bq m- 2 (cf. also 4.2.1), which is in

agreement with the observations in Table 4.2.2.2 for Zealand

(Tystofte and Ledreborg). The mean 90Sr/ 137Cs ratio was 0.034

in Rise rain which is in good agreement with the countrywide

mean of 0.036 in 1986 (Tables 4.2.1.2 and 4.2.2.2).
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Table 4.2.2.3. m precipitation at the State IEperiaental farms in 1986 measured in the fallout collectors

location Jan-March April may June July-Aug Sept-Oct Nov-Dec 1986
until May 4 from May 5 1

Tylstrup 24 53 17 129 103 148 613

Kale 13 38 18 123 102 100 533

Sorris 139 49 63 17 150 161 22 8(19

Asko 51 43 20 124 226 192 795

St. Jyndevad 31 69 13 96 153 197 698

Asrslov 20 34 16 68 122 114 470

Tystofte 24 39 19 07 136 76 477
96

Ledreborg 30 44 12 89 92 94 457

Abed j 34 91 21 154 141 s0 617

Bornholm 94 45 31 36 140 B0 119 553

Mean 117 32 50 19 117 132 135 602

Table 4.2.2.4. Radlocesium in precipitation collected at Rise in 1986

Month 10 &
2 

ion exchange sampler 1 .2 rain sampler-)

eq 
13 7

Cs m
- 2  

sq 
1 3 7

C. .-
3  

Sq 
1 3 7

CS .
- 2  

q 
1 3 7

CS s-3

Jan 0.01 A 0.3 A

Feb
March 0.019 0.74
March

April 0.49 (0.55) 1

May 740 (0.53) 17900 760 (0.57) 18500

June 28 (0.52) 2060 30 (0.52) 2100

July 18.7 (0.52) 340 "0
19.2 (0.50) 192

Aug 4.4 (0.51) 134

Sept 3.2 (0.48) -

Oct 2.4 (0.47) 1 . 0.44) 48

Nov 1.94 (0.44) 63

Dec 1.25 (11.45) 3 3 0.98 10.i9( 9.0

1996 L900 8n 2030 E15 2 1780

*)July-Decz 0.23 m2 rain bottles

Values in brackets are the ratios: 
1 3 4

CS/
1 3
7Cs.
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4.2.3. Short-lived y-emitters in precipitation

The first rain at Rise after the Chernobyl accident occurred on

May 7. In the following days rain was collected in the 1 m2

rain collector and analysed for y-emitters (Table 4.2.3). In

these early precipitation samples the mean 13 1 1/ 13 7 Cs was 14

(decay corrected to April 26). This ratio was higher than those

found in air samples from Rise (cf. 4.1.3.1), probably reflect-

ing that rain retains more of the non-particulate iodine frac-

tion than glass fibre filters. There may, however, also have

been an increase in the particulate 1 3 1 1/ 1 3 7Cs ratio with time

as suggested from measurements of the air filters.

Table 4.2.3. Early rain samples with Chernobyl debris collected

7-10 May 1986 at Rise (Bq m-2 )

7-8 May 8 May 9 May 10 May
on April 26,

1986

Zr-95 55 A

Nb-95 59 5.9

Ru-103 1900 250 61 49 2760

Ru-106 970 113

1-131 2600 640 210 98 9530

Te-132 1350 250 32 43 18700

Cs-134 260 48 13.9 35 357

Cs-136 81 15

Cs-137 490 86 23 73 672

La-140 250 35 10.6 9.0 560

Ce-141 46

mm precipitation
4.2 2.9 2.1 5.0 14.2
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500

Precipitation at Riso
April - June 1986

100

r~a 300
E

100 -

0
27 1 5 10 15 20 25 30 1 5 10

APRIL MAY JUNE

Fig. 4.2.2.4. Cesium-13
7
in precipitation at Riso in May-June 1986.
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The 132Te/ 13 1I (on 26 April) was 2.0 in the above-mentioned

early precipitation samples. This was somewhat higher than the

ratio found in air samples from Rise, but not incompatible with

Finnish deposition measurements 33 ).

A comparison between the yearly amounts of precipitation found

in the rain gauges used by the Danish Meteorological Institute
9 )

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

locations in 1986 showed a mean ratio of 1.06t0.09 (1 S.D.) be-

tween the two sampling systems.

PThe washout ratios (Bq m3 rain/vBq m 3 air) calculated for Rise

was 60.5/28.6 = 2.1 for 9 0Sr and 1905/1340 = 1.42 for 13 7Cs

(Table 4.2.6). These values were somewhat higher than the usual-

ly observed washout ratio of 1.021) perhaps suggesting a more

efficient washout of Chernobyl debris than of global fallout.

4.2.4. Tritium in precipitation

Despite the Chernobyl accident, the tritium content of rain-

water collected at Rise in 1986 (cf. Table 4.2.8.) was lower by

nearly a factor of 2, than in 1985.

Table 4.2.9 shows the tritium concentrations in rain-water from

three other locations in Denmark. Compared with Rise the average

concentration for these three stations was approx. 3 times lower

than that from Riso. The concentrations from Bornholm were higher

than those at the stations in Jutland. As earlier mentioned

(Riso-R-4871 )) this may reflect the five times higher tritium

concentrations in the Baltic Sea as compared with those in the

North Sea (cf. Eq. 4.4). There may be a small tritium contribu-

tion from the Chernobyl accident, however, enhanced levels in

April-July have also been observed in earlier years and may re-

flect global fallout tritium coming from the stratosphere.
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Table 4.2.8. Tritium in precipitation collected at Ris, in 1986

1 02 rain collector 10 M
2 

rain collector

Month
kaq 0- kBq *-2 kBq m-3 k~ -

Jan 0.038 4.6tO.S 0.175 2.S-,0.2 (1.095

Feb 0 - - --

March 0.033 0.9 0.1 0.030 - -

April 0.025 1.8 0.2 0.04S 1.0 0.0 0.025

29/4 - 9/5 0.009 - -9.0-0.0 0.081

9/5 - 1/6 0.032 - - 3.0 -0.1 0.096

May 0.041 2.4 0.3 0.098 1.6 0.1 0.066

June 0.014 3.4tO.1 0.048 7.1 0.0 0.099

July 0.055 1.6'0.2 0.088 1.6 '0.2 0.068

Aug 0.033 2.6t0.I 0.086 11.210.7 0.37

Sept 0.033 6.2'0.3 0.20 19.1 '0.1 0.83

Oct 0.059 0.7s0.3 0.04; 3.3'0.2 0.195

Nov 0.031 3.1'0.2 0.096 1.6 0.0 0.050

Dec 0.038 1.4-'0.0 0.053 0.7 0.1 0.027

1986 10.400 0 2.2 Y 0. 866 84.2 E 1.675

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

Table 4.2.9. Tritium in precipitation collected in

Denmark in 1986. (Unit: k~q m-
3
)

Date Tylstrup Jyndevad Bornholm

January B.D.L. 0.9t0.5 0.9'0.2

February --

March B.D.L. B.D... 1.0V0.1

April 4.2'0.2 3.0!0.1 0.9t0.3

Kay 1.2t0.0 1.4'0.0 2.0'0.1

June 2.2'0.1 2.9t0.0 2.6'0.1

July 1.6t0.3 I.7t0.1 2.4,0.2

August 1.4!0.3 1.4t0.1 1.2'0.2

September B.D.L. B.D.L. 1.140.1

October B.D.L. 8.D.L. 1.000.0

November B.D.L. 2.V~0.2 1.8*0.6

December B.D.L. B.D.1.. B.D.L.

Precipitation
weighted mean 0.7 1.0 1.2

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

4.3.1. Radionuclides in ground water
As in previous years1 ), ground water was collected 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, and tritium, analyses.

100E 120E

570N Ft 'retdfte.__________ _____1 570N

560N 56ON

ip VS55 0N

100E 120E 150E

Fig. 4.3.1.1. Ground water sampling locations in Denmark.
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Table 4.3.1. Radionuclides in ground water collected in 1986

Location Date Bq 90 Sr m
- 3  kq Ca m

- 3  kBq 3H m
- 3

Hvidsten March 0.034 B 0.070 B.D.L.

Feldbak 57 0.035 1.1±0.2

Rom. - 0.36 0.033 B.D.L.

Renne new 22/5 0.012 B 0.023 B.D.L.

Renne old 22/5 0.072 A 0.019 B.D.L.

Hasselo March 0.113 0.056 B.D.L.

Firetofte 0.048 B 0.126 4.2±0.3

Kalundborg " 0.43 0.023 1.1±0.3

Ravnholt 0.134 0.100 2.8±0.0

Fredericia " 0.26 0.069 1.4±0.3

Geometric mean 0.098* 0.055** 1.0*

Median 0.124 0.046 0.6

A sample of ground water from Maqlekilde in Roskilde

contained 1.50 Bq 90 Sr m- 3 , 3.1!0.3 kq 3H m - 3

and 0.094 kg Ca m- 3 .

* Feldbak was not included in the geometric mean.

**Arithmetic mean.

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

The median level of 
9 0 Sr in 1986 was compatible with the values

found since 1967 (cf. Fiq. 4.3.1.2).

The tritium concentrations in 1986 were a little lower than the

1985 levels. The tritium content of ground water has been de-

creasing since 1977.
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As appears from Fig. 4.3.1.3, the 90Sr levels in ground water

from Feldbak have been in the order of 50-100 Bq m-3 in later

years. The arithmetic mean of 90Sr in Danish qround water in

1986 (excluding Feldbak and including Maqlekilde) was 0.30 Bq

m- 3 . The predicted mean (cf. Appendix C.1) was 0.28 Bq m -3 .

1.5 i i i i IIIIIIi IiIIIii IIiJi i ,iilii I

0

100
' 1.0 0

E 0
0 0o

o A 0

0 0 0
0 0 0 O 
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65 70 75 80 85 90 95

YEAR

Fig. 4.3.1.2. Median 90 Sr levels in Danish ground water, 1961-1986.
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rig. 4.3.1.3. Strontium-90 in ground water at Feidbak 1961-1986.
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4.3.2. StrontiuM-90, radiocesium and tritiumn in fresh water from

Danish lakes and streams

The mean levels in 1986 were 9.7 Bq 9 0 Sr m-3 in streams and 27.7

Bq 9 0 Sr m- 3 in lakes. The levels in lakes in 1986 were 78% higher

than in 1985, and streams were 8% higher (Tables 4.3.2.1 and

4.3.2.2).

100E 120E

Bongsbo 6

570N N +ss 570N

Flynderse G Ud en %6

56O N SkjerI Arres 56ON

Ribe 6 Odense 6

55'N -Ho'strup so 50

-tn
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Table 4.3.2.1. Strontium-90 in Danish stream water collected

in 1986.

Stream Date Bq 9 0Sr m- 3  Date Bq 9 0 Sr m- 3

Banqsbo A June 11 7.4 Oct 14 7.3

Gudeni May 27 12.4 Oct 14 5.6

Skjern A May 28 9.5 Oct 15 8.2

Ribe A May 28 9.5 Oct 2 4.1

Odense A June 3 9.8 Oct 1 4.1

SusA May 21 15.6 Oct 17 13.0

Halsted A June 4 14.5 Oct 2 9.5

Las A may 23 17.6 --

Mf-an 12.0 7.4

Relative S.E. 10% 16%

Two samplings were carried out in 1986, one in May-June and one

in October. From the first to the second sampling the 9 0Sr levels

in streams decreased by a factor of 1.7+0.60 (N=7; +1 S.D.) and

in the lakes the factor was 1.5±1.0 (N=7; +1 S.D.). The relative

standard deviation was greater for the lakes than the streams.

Some lakes actually increased in 90 Sr concentrations from June

to October.

In case of 137Cs (Tables 4.3.2.3 and 4.3.2.4) the mean level in

streams was 18 Bq m -3 and in lakes we found 66 Ba m
-3 . The 134Cs/

137Cs ratios suggest that all 137Cs found in Danish streams and

lakes in 1986 was coming from the Chernobyl ancident.

From the first to the second sampling the stream waters 137Cs

content decreased by a factor of 4.8+1.34 (N=6;+1 S.D.), while

lakes decreased by a factor of 2.8+0.95 (N=7; +1 S.D.).
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Hence the decrease in 137Cs concentrations was more rapid than

that of 9 0Sr. Streams showed a more rapid decrease than lakes.

The difference between 90Sr and 13 7Cs is due to the preferential

absorption and sedimentation of radiocesium by particulates

(and organisms) in the water.

The tritium contents were not significantly different from those

observed in 1985. We may thus conclude that the Chernobyl ac-

cident did not contribute significantly to the tritium levels

in Danish streams and lakes in 1986.

Appendix C1 shows that the observed level in streams is 0.77

times the predicted, and in the case of lakewater the observed

mean concentration is 2.9 times that predicted.

Table 4.3.2.2. Strontium-90 in Danish lake water collected

in 1986.

Lake Date B q0Sr ,- 3  Date BQ 90Sr m-3

Norss June 11 47 Oct 14 38

Mosso June 11 13 Oct 16 14

Flynderso June 11 22 Oct 15 19

Hostrupse June 10 55 Oct 2 56

Arreskovso June 12 34 Oct 1 18

Arrese June 9 22 Oct 13 23

Sonderse June 4 24 Oct 3 6.6

Almindingen so May 22 26 - -

Mean 30 25

Relative S.E. 1R% 24%

-- --- -
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Fig. 4.3.2.2. Strontium-90 concentrations (±1 S.E.) in

8 Danish Streams and 8 Danish lakes collected every second

year since 1971.

Table 4.3.2.3. Radiocesium in Danish stream water collected in 1986

Stream Date Bq 
137

CS -r
3  134CS/137CS Date Bq 

137
CS M-3 3C/7S

Bangsbo A June 11 6.4 A - Oct 14 B.D.L. -

GudenA May 27 53 0.56 Oct 14 8.3 0.55 A

Skjern A May 28 25 0.59 Oct 15 4.2 A -

Rihe A May 28 37 0.64 Oct 2 7.6 0.44 8

Odense A June 3 37 0.60 Oct 1 14.0 0.51 A

SusA May 21 44 0.56R Oct 17 10.0 n.52 A

H~alsted A June 4 115 0.58 Oct 2 3.1 BI

ILes A May 23 12 0.69 --

Mean 29 0.61 7.9 0.51

Relative S.E. 21% 3% 21% 5%
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Table 4.3.2.4 Radiocesium in Danish lake water collected in 1986

Lake Date Bq 
1 3 7

Cs m
- 3 1

34Cs/
1 3 7

Cs Date Bq 
1 37

Cs M
-
3 

13 4
Cs/

1 3 7
Cs

Norsse June 11 145 0.54 Oct 14 97 0.47

Rosso June 11 42 0.68 Oct 16 1± 0.36 A

Flynderse June 11 130 0.51 Oct 15 38 n.56

Hostrupso June 10 108 0.55 Oct 2 34 0.48

Arreskovse June 12 32 0.44 Oct 1 ..3 0.60 B

Arrese June 9 76 0.55 Oct 13 40 0.,1

Sondersa June 4 143 0.53 Oct 3 38 0.53

Almindingen
so May 22 61 0.51 - -

Mean 92 0.54 39 0.50

Relative S.E. 17% 4% 27% 6%

Table 4.3.2.5. Tritium in Danish stream water collected in 1986

Stream Date kBq 3H m-3 Date kBo 
3
H m

- 3

Bangsbo A June 11 1.8±0.1 Oct 14 2.2±0.1

GudenA May 27 2.4±0.3 Oct 14 1.7±0.1

Skjern A May 28 2.3±0.1 Oct 15 1.7±0.0

Ribe A May 28 0.8±0.3 Oct 2 1.5±0.1

Odense A June 3 1.2±0.0 Oct 1 1.4±0.2

SusA May 21 1.7±0.1 Oct 17 1.7±0.1

Halsted A June 4 0.9±0.3 Oct 2 1.5±0.1

Las A May 23 2.1±0.0

Mean 1.65 1.67

Relative S.E. 13% 6%

The error term is 1 S.E. of the mean of double d'terminations.
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Table 4.3.2.6. Tritium in Danish lake water collected in 1986

Lake Date kBq 
3
H m

-3  
Date kBq 

3
H m

-3

Norsse June 11 1.20.0 Oct 14 1.6±0.2

Mosso June 11 1.3±0.0 Oct 16 1.5±0.3

Flynderse June 11 1.3±0.1 Oct 15 1.3±0.1

Hostrupse June 10 1.2±0.3 Oct 2 B.D.L.

Arreskovse June 12 1.0±0.2 Oct I B.D.L.

Arrese June 9 1.6±0.I Oct 13 1.8±0.2

Senderso June 4 1.4±0.1 Oct 3 1.8±0.3

Almindingen se May 22 1.7±0.2

Mean 1.34 1.1

Relative S.C. 6% 27%

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

4.3.3. Radionuclides in Danish drinking water

The 90Sr and tritium concentrations were lower than those in

1985 when drinking water was examined last time. Cesium-137 has

not earlier been determined in drinking water. Chernobyl re-

sulted in measurable levels, but the concentrations were very

low. We assume that the levels found either were due to con-

tamination during the sampling or due to a content of surface

water.

The median 90 Sr level was 2-3 times hiqher in drinking water

than in ground water and the arithmetric mean was 1.8 times

higher. The tritium mean level in drinking water was not sig-

nificantly different from that in ground water.
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Table 4.3.3. Strontlum-90, Cesium-137 and tritium in drinking water collected
in June 1986

Zone q 90Sr m
- 3  

Bc 137ks m
- 3  

kp 
3 H m-  kg Ca m- 3

I: N. Jutland 0.37 0.52 1.1±0.2 0.060

II: E. Jutland 0.21 0.25 B R.D.L. 0.092

III: W. Jutland 0.95 0.03 B B.D.L. 0.055

IV: S. Jutland 0 B 0.37 A B.D.L. 0.081

V: Funen 0.1 A 0.61 B.D.L. 0.103

VI: Zealand 0.05 B 2.47 B.D.L. 0.091

VII: Lolland-Falster 0.07 B 0.62 B.D.L. 0.110

VIII: Bornholm 0.54 0.06 8 1.5±0.1 0.074

Mean 0.29 0.62 0.3 0.083

Rise 0.14 A 0.11 B 0.125

Median of zones 0.14 0.45 B.D.L. 0.086

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

4.4. Radionuclides in sea water in 1986

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

Pyrholm from inner Danish waters (cf. Tables 4.4.1-4.4.4 and

Figs. 4.4.1, 4.4.2 and 4.4.3). Furthermore, sea water samples

were collected at Barsebick in the Sound, and at Rinahals in

the Kattegat (Table 4.4.5). Samples were obtained from the

research vessel DANA, which in 1986 have collected samples

from the Danish straits as well as from the North and the

Baltic Seas (Table 4.4.5). The research vessel GAUSS from the
German Hydrographic Institute in Hamburg hooted us on a cruise

to the Baltic Sea in Oct 1986. (Table 4.4.5.)

The Chernobyl debris was not detectable in the surface water

samples collected in the German Bight during the DANA 4 cruise

at 29-30 April 1986. (Table 4.4.5) This observation is in

aggrement with the distribution of the first radioactive cloud

over Denmark from Chernobyl (Fiq. 4.1.2.5).
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Fig. 4.4.1. Strontium-90 in surface sea water from inner Danish

waters, 1962-1986. (1 S.D. indicated) (from Table 4.4.1).

In the samples collected around Zealand in May (table 4.4.1)
13 7Cs from Chernobyl amounted to 86% of the total 137Cs activity

in the surface water, but only to 29% of the 137Cs found in

bottom water. At four stations no Chernobyl had yet showed

up in the bottom water.

An extra sampling was made in August 1986 (Table 4.4.2). At thpu

time 80% of the 137Cs in surface water was from Chernobyl and

69% of the 13 7Cs in bottom water.

In Nov 1986 (Table 4.4.3) 72% of the 137Cs in surface water and

68% in bottom water came from Chernobyl. We may conclude that it

took approximately half a year before the Chernobyl radiocesium

had become totally mixed in the water column of the Danish

Straits.

We may furthermore conclude that Chernobyl tripled the 13 7Cs

inventory in the Ddnish Straits found prior to the accident

(Fiq. 4.4.2).

Tables 4.4.1 and 4.4.3 and Fiq. 4.4.1 furthermore show that

Chernobyl did not contribute measurable to the 9 0Sr concen-

trations in Danish sea water.
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The perturbation from Chernobyl has made it impossible to

continue the validation of the model for transfer of radio-

cesium from Sellafield to the Danish Straits (cf. Rise-R-540

Fig. 4.4.6)1). It has also become meaningless to relate the
1 3 7 Cs activities in the Danish Straits to the salinity (cf.

Rise-R-540 p. 57-59)1).

Table 4.4.5 shows that the mean 137Cs concentration in the

P ~central North Sea ( - 540-59ON and - 0080E) in February was

47+26 BQ m - 3 (+1 SD; N=11). In June we found: 104k18 (+1 SD;

N-7). The 134Cs/ 137Cs in the June sampling suggested that 35%

of the 137Cs at that time should have come from Chernobyl. The

increase from February to June was however oreater probably

because the 137 Cs from Sellafield (and La Hague) is unevenly

distributed, and as the two samplings did not cover exactly

the same areas we may get a discrepancy.

The monthly samples collected at Klint (table 4.4.5) represent

surface water in the southern Catteqat. From June to December

the concentration of 137Cs decreased by a factor of 2 and

the contribution of Chernobyl 13 7 Cs changed from 99% to 74%

reflecting the vertical mixing of the activity.

150
o Surface
v Bottom

E100so

75 8o 85 90 95
YEAR

Fig. 4.4.2. Cesium-137 in surface and bottom water collected

4 in inner Danish waters 1972-1986.
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In the German Bight the mean 1 3 7 Cs in April 1986 was 22.6+6.0
(+I SD; N-10). Half a year later in October we found 60+28 (+ 1

SD; N-8) The 1 3 4 Cs/ 13 7 Cs at the two samplings was 0.076+0.050

and 0.28+0.12 respectively. In April the 1 C/ 3 Csindicated

La Hague radiocesium, but in October the Chernobyl signal was

evident. If we assume that the "pre-Chernobyl" radiocesium

The Cattegat

560N 560N

Roskilde Sound

30' Great ZEALAND 30'

55ON 550N

30' 3

110E 120E 130E

Fig. 4.4.3. Sea water locations around Zealand.



-98-

Table 4.4.1. Rdionucli'les in sea water collected around Zealand in Nay 1986

Date in Position
Location may Q*pth 

9 0
9r 

1 37
CX 

1
3
4
Cs/ Salinity

N E in a € q-3 Bq m
- 3  1 3 7

CS )/o

Kullen 31 56015' 12"25' 2 21.7 154 0.48 18.7

25 - 49 0.07 34.2

Heasele 29 56010- 11047' 2 19.6 140 0.43 18.7

23 - 40 0 34.5

Kattegat SW 29 56007' 11010' 2 22.9 156 0.45 18.6

34 - 41 0 34.1

Asnes rev 29 55039' 1004' 2 25.2 157 0.46 17.7

41 - 40 0.08 33.7

Halskov rev 29 55023' 11003' 2 24.8 173 0.43 17.6
24 - 43 0 33.1

Langeland belt 29 54052' 10050' 2 24.8 1, 0.48 14.4

19 61 0.24 11.0

Fevern olt 30 54036' 11004' 2 21.4 243 0.51 14.3

25 - 73 0.29 29.3

Gedser odle 30 54028' 11059' a 20.2 55 0.37 8.3

17 16.1 38 0.12 24.2

Meen 30 54057' 12041' 2 1q.4 69 0.45 8.,)

21 16.9 104 0.46 10.0

The Sound - South 30 55025' 12036' 3 13.6 5 0.45 8.2
13 13.6 124 0.39 14.4

The Sound - North A 31 55048' 12044
'  

2 21.4 147 0.45 17.7

•1 - 46 0.14 33.4

The Sound - North 8 31 5S059
t  

12042' 2 20.4 157 0.47 19.4

26 - 51 0 33.5

Mean Surface 21.2 144 0.45 15.1

S.D. 3.2 54 0.03 4.5

S.. 3. 15 0.0t 1.3

Mean 9Rntt-,, 15.5 59 0.15 28.4

S.D. 1.7 29 0.16 9.3

S.8. 1.0 8 0.05 2.4



- 99 -

Table 4.4.2. Radionuclides in sea water collecteJ around Xealanl in August 1486

Po it ion
Lction Date Depth 

1 3 7
Ca 

1
3
4
Cs/ Salinityin Auq. N E in 4 Sq a -

3  1 3 7
Cs 0/00

Xullen 25 S6015' 12025 2 108 0.30 18.5

23 77 0.27 31.7

Iesele 25 56010' 11047' 2 115 0.37 19.5

24 qo 0.34 31.8

Kattegat SW 27 56007
'  

11010' 2 101 0.43 14.7

38 85 0.36 30.0

Asnvs rev 27 55039' 10046
'  

2 86 0.41 19.4

.1 77 0.33 28.7

Ialskov rev 26 55023' 110031 2 95 0.38 14.7

23 91 0.38 26.2

Lanqeland belt 26 54052' 100501 2 100 0.43 17.2

34 95 0.34 25.3

*emern belt 26 54036' 11004' 2 111 0.37 13.4

26 103 0.35 22.9

Gedeer odde 26 54028' 11059' 2 42 0.38 8.7

17 98 0.38 18.2

Nean 26 $4057' 12041' 2 41 0.39 7.9

22 68 0.35 11.1

The Sound - South 25 55025' 12036' 2 42 0.32 8.2

16 43 0.28 8.8

The Sound - 'forth A 25 5S48' 120441 2 72 0.35 14.9
19 80 0.38 24.q

The Sound - North 8 25 55059' 12042' 2 81 0.43 17.6

27 66 0.29 31.8

Mean 3urfEce 83 0.39 14.6

S.D. 28 0.03 4.3

S.C. 8 0.01 1.2

Nean Potto' 41 3.34 24.3

S.D. 17 0.04 7.8

S.C. 5 0.01 2.3
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Table 4.4.3. Rsdionuclides l sea water collected around Zealand in Noveeber 1986

Posit ion

LocatDon Date Depth 
90

0r 
1 3 7

Cs 1
3 4
CS/ salinity

in Noy. N 9 in Bqm
3  

sq
-3  1 3 7

Cs- o/co

Mullen 19 56
0
151 12025. 2 27.2 49 0.32 12.0

24 95 0.27 32.0

essaele 17 56o101 11047
,  

2 84 0.32 22.0

24 15.7 93 0.29 28.8

Katteqat SW 17 56007' 11010. 2 94 0.29 23.4

38 15.3 97 0.31 27.8

Asnas rev 17 55039* 10046. 2 87 0.34 20.2

* 43 16.4 89 0.31 26.7

Ralskov rev 17 5S023
'  

11003
'  

2 76 0.33 16.0

* 23 18.1 0 0.31 18.5

Langeland belt 18 54052
,  

10o50, 2 82 0.35 15.8

- 31 a8 0.35 17.2

Pemern belt 18 54036
,  

11004' 2 25.0 70 0.35 14.0

32 91 0.34 22.0

Gedesr odde 28 54029, 11059 2 58 0.33 12.2

Men 28 54057' 12041. 2 19.5 40 0.31 9.6

The Sound - South is 55025' 12036
'  

2 51 0.30 12.3

14 17.5 51 0.32 12.3

The Sound - North A I9 55°48
'  

12044
'  

2 41 0.33 10.1

1s 95 0.28 30.8

The Sound - Worth B 19 550591 12042
'  

2 18.3 41 0.34 10.4

* 26 93 0.27 31.6

Mean Surface 22.5 64 0.33 14.8

S.D. 4.3 20 0.02 4.7

S.S. 2.1 6 0.01 1.4

Mean Bottom 16.6 97 0.31 24.8

S.D. 1.2 14 0.03 6.9

S.8. 0.5 4 0.01 2.2

-4
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Toole 4.4.4. Tritium in sea water collected around Zealand in 1986 (unit: kq a-3)

position
Location Depth Itay NOV

N C in m

Cuillen 54o0S' 12025' 2 4.0.0 -

24 2.0t 0.0 -

Resaels 56010' 11047' 2 3.c± 0.4 2.7+0.1

23 2.7±0.3 2.0t 0.8

Kattegat So 507' 11010' 2 2.7±0.3 2.4-0.1
34 S.... 1.6t 0.2

Ane$ rev 55039
' 

10046' 2 3.9±0.4 3.4±0.2

* 41 B.0.L. 2.2±0.I

Halskov rev 55023' 11003' 2 1.9!0.7 3.2±0.2

- 24 B.D... 3.310.1

Langeland bait 54052' )O050' 2 3.10.2 3.2-0.2

* 19 9.0..L. 3.2 0.2

Feaern bolt 54036' 11004' 2 3.k 0.1 3.8-0.0

25 1.W0.3 1.9t0.1

Gedeer odde 5402,' 11059' 2 4.0fr).S

* 17 1.9!0.1

Neen 54057' 12041' 2 5.1±O.S

21 4o0i0.I

The Sound - South SS025' 2036' 2 4.7-1.0 4.1±0.0
* 13 S.4±0.0 4.30.4

The Sound - North A 55048' 12044' 2 5.7t0.6 5.0±0.1

I 1s1 .6±0. 1.1t0.6

The Sound - North 8 55059' 12042' 2 2.3±0.0 1.1±0.5

* 29 1.80.1 4.10.3

Nean Surface 3.q 3.2

S.D. 1.2 1.0

S.B. 0.3 0.3

Mean Bottom 1.7 2.6

S.D. 1.7 1.1

S.R. 0.5 0.3

The salinities are shown in tables 4.4.1 - 4.4.3

The error term is ti S.C. of the meaen of double ieterminations.
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able 4.4.5 Radioe clides in sea water ovIlected In the Danish Straits, the North and

the Baltic Sees In 986.

Pos ition
Location/CruJP t Date Depth Salinity 908s 

1 3 7
Cs 

1 3 4
CS/ 99Tc IN

S lor in a O/mo q -
3 

s qi-
3  1 3 7

Cs ; qi-
3  

kBq a-
3

North Sea/bana I 57010
' 

602018 20/2 0 35.0 - 0.4 - - SOL

57044' 5016- 19/2 0 35.2 - 27.6 0.031S - SO,

S 58008' 4056-C 19/2 0 35.2 - 25.9 - - BDCI

58040. 2050. 16/2 0 35,3 - 11.0 - - SO
L

57039
' 

2012-8 16/2 0 33.4 - 53.6 - - SL

• - 55010' 0017*1 11/2 0 34.7 7.17 90.2 0.037 - SDL

54026
' 

4o3618 10/2 0 34.6 - 89.2 0.03 - ROL

54014* 5031-C 9/2 0 34.5 - 66.3 - - SOL

57
0

05, 702313t 4/2 0 35.1 - 38.4 0.038 - SOL

58005. 3030-8 19/2 0 34.8 7.90 38.1 0.039 - 0,

55
0
06* 4006. 19/2 0 34.5 - 41.9 0.0786 - SOL

Baltic Sea/Dana 2 WIG8 31056's 16/3 0 7.6 16.7 11.9 - 4.S0.2

530221 1803719 16/3 0 7.6 - 12.7 - - 4.4+0.4

550511 16022's 16/3 a 7.5 - 13.3 - - 4.6.0.0

Danish Straits/Dana 3 56014, 120211' 21/3 0 9.3 - 14.2 - - -

5405)9' 120021Z 21/3 0 14.8 25.1 24.2 - - -

570221 10046'R 21/3 0 34.4 - 19.2 - - -

57032' 11031 *1 21/3 0 17.4 - 24. - - -

57048- 10052.E 22/3 0 30.0 - 35.2 - -

Gsrean night/Dana 4 55000' 80161E 29/4 0 30.6 - 15.7 0.040A -

55°
0
O

' 
7058'91 29/4 0 31.5 26.0 19.7 - -

55
0
00

' 
7036'1C 29/4 0 32.0 - 19.0 - -

55000
' 

701311 29/4 0 33.0 22.0 19.6 0.086 -

55°00 6050.1 29/4 0 34.2 - 35.6 0.0644 -

53054. 6050*t 29/4 0 31.9 20.8 21.4 0.145 -

* 54001* 90501 29/4 0 32.4 - 18.9 0.124 -
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Table 4.4.S Continued

Post t lon
zEcatiork/cruise Date Depth Salinity 

9 0
sr 

1 37
c, 

1 34
Cs/ 997c 3"

N Eor V f o/0o aq-
3  

q m
3  1 37

Cs q m-3 kq m
- 3

Gerson Sight/Dane 4 540121 70208 30/4 0 32.6 16.2 22.1 0.114 - -

54020
' 

6050'9 30/4 0 13.6 - 22.7 0.104 - -

$ - 540311 60S0'5 30/4 0 33.4 12.7 30.4 0.083 - -

Barsebck 55045
' 
12053'E 30/5 2'5 16.7 22.1 147 0.48 - 2.7+0.2

19 32.4 - 44.8 0.119 - 1.0±0.4

8orn0nole Cost 5S00S' 150098 22/5 0 - 19.5 30.6 0.29 - -

Anl0lt 56040- 12006-9 10/6 47 34.4 12.8 39.4 0 - -

Ringhalo 57015' 1200419 11/6 2.0 19.7 - 141 0.47 - -

20 32.4 - e6 0.33 - -

Las 57019' 1100719 11/4 2.5 24.7 16.5 115 0.44 - -

IN" 57018' 10056's 11/6 0.5 19.6 - 141 0.45 - -

Lt 57020' 11024'8 11/6 52 34.0 11.6 52.5 0.19 - -

&nholt 56043' 110301E 12/6 2.5 19.2 - 130 0.46 - -

Hemself 56012' 1104218 12/6 2.% 18.1 13.3 135 0.45 - -

Hessels 56010' 11048'9 12/6 21 34.1 - 39.9 a - -

Rise 55042' 1200558 12/ 2.5 11.1 13.6 207 0.46 - -

glint 55058' 1103519 20/6 0 16.0 - 168 0.51 - -

Klint 15/7 0 19.4 - 140 0.40 - -

glint 14/8 0 17.1 - 98 0.44 - -

glint 15/5 0 22.2 - 121 0.34 - -

Klint 15/10 a 22.6 - 105 0.36 - -

glint 14/11 0 22.6 - 100 0.36 - -

glint 15/12 0 21.9 - 86 0.33 - -

North Sea/Dana 560041 8008'8 13/4 0 34.1 - 86 0.17 - -

56Oul
'

20309 31/% 0 34.7 11.1 98 0.21 - -
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F. Table 4.4.S Continkso.

Position
Location/Cusale Oate 32epth Salinity 

9 0
Sr 

1
3
7
Ca 1

3 4
C./ 99TC 34

E or V in 0/oo q-3 q m-
3  1 3 7

CS sq m-
3  

keq .- 3

worth Sea/Daa 560301 203019 31/5 3 14.q 108 0.25 - -

S55059' SO21'g 2/6 0 34.S 14.0 136 0.24 - -

S5030- 1037'S 1/6 0 34.4 - 09 0.11 -

S5031' 10511C 10/6 0 34.2 11.0 94 0.11 -

56026' 6023'2 4/6 0 34.5 - 15 0.20 -

Nystij 54040' 1104419 5/8 0 11.9 - 81.6 0.39 -

Catteqat/Dana 57022
,  

10046'3 24/10 0 22.1 25.9 98 0.33 -

560141 12022'S 23/10 0 21.7 - 100 0.34 -

56040' 12007'E 23/10 0 23.2 15.7 106 0.36 -

56010' 11020-8 23/10 0 21.3 - 92 0.35 -

570121 1104055 23/10 0 2S.7 12.3 103 0.33 -

570335 11
0
31'S 22/30 0 33.2 24.6 94 0.29 -

S7052
'  

11019'S 22/10 0 33.0 13.0 93 0.31 -

570005 12003 23/10 0 24.S - 102 0.34 -

German Bight/Dana 55000' os0' 27/10 (1 34.0 16.9 29 0.26 -

S4009' 40501C 28/10 0 34.o 13.0 69 0.12 -

55000' 7012'S 27/10 0 33.4 13.1 30.9 0.30 - -

55000' 0015'5 27/10 0 29.9 13.0 103 0.47 - -

53045' 6053'SV 28/10 0 32.1 16.4 07.2 0.21 - -

55OO0' 7036'2 27/10 0 32.8 17.4 54.2 0.31 -

5000' 6027'e 27/10 0 33.7 39.3 74.1 0.14 -

55000' 7057'9 27/30 0 30.9 19.1 8.4 0.41 -

Danish Straits/Gauss 560451 11000's 15/10 4 24.3 22.9 300 0.32 1.26

57000' 12000wS i5/i0 4 23.1 11.7 30 0.35 2.10

5700' 12000'e 15/10 40 32.7 - 84* 0.)S 3.38 -

56030
,

110301' 15/30 40 22.6 - 96" 0.39* 3.00
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Table 4.4.S Continued

Position
Locatioo/Craise Date Depth salinity l

0
sc J1cs 13

4
C./ 

9
0ic 38

6 E or W in . 0/00 Sq 
-
2 aq 3 137C - Bq.N

- 3  
kaq n

3

Danish Straits/Gauas 56030- 12000*1 16/10 4 21.9 17.2 97 0.36 1.23

S$5O17. 1203319 16/10 4 8.2 19.5 33.4 0.24 -

Baltic Sea/Gause 55034. 15-0919 17/10 4 7.7 19.4 37.1 0.35 0.040 -

17/10 -SO 10.0 - 36* 0.36* 0,160 -

• 17/10 -70 13.6 - 43* 0.30" 0.160 -

5000' 17030.1 17/10 4 6.8 20.4 265 0.51 0.017 -

17/10 4 6.0 - 259 0.52 0.055 -

17/10 -50 7.3 - 5S 0.45- 0.03t -

17/10 s0 7.5 - 1o 0.11. 0.028 -

• 58053. 19050.3 18/10 4 6.4 27.7 753 0.51 0.016 -

. 18/10 50 7.1 - 132" 0.53 0.025 -

WO 1/0 130 10.1 - 10 0.10. 0.061 -

58045
*  

18030.1 16/10 4 6.4 29.5 449 0.42 0.043 -

* 18/10 120 9.9 - O*- 0. 0.072 -

19/I 250 10.2 - 19. 0" 0.049 -

.01.1 19
0
0.1. 21/10 4 5.5 37.4 963 0.51 0.041 -

21/10 120 1.2 - 152 0.47. 0.055 -

21/10 240 7.4 - 70. 0. 0.041 -

G10301 11O5918 22/10 4 5.5 29.1 592 0.50 0.002 -

S620401 19033.3 23/10 4 5.0 27.2 523 0.52 0.036 -

* 23/10 -50 5.9 - 464' 0.54- 0.069 -

* * * 23/10 -130 6.8 - 60- 0.47. 0.069 -

64050 210543 23/10 4 3.9 21.2 112 0.48 0.163 -

23/10 90 4.2 - 37* 0.46- 0.054 -

6 * 44044. 23006'1 24/10 4 3.7 20.2 152 0.51 0.036 -

02000
, 

2003019 2S/10 4 4.0 20.0 721 O.50 0.0)4 -

S61004- 19042'8 26/10 4 6.0 - $50 0.46 0.033 -
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Table 4.4.S Continued

Posit ion

Locotionl/CruaPs Date Depth Salinity 
9
Osr 137CS 

1 3 4
C./ 99T 

3
N

W R or V in m /0 q .- I B 
1 -

3 137Cs 8 q-
3  

k j11u
- 3

Baltic Sea/Gauss 61004- 19042*9 26/10 80 - - 104 0.46- 0.023 -

26/10 130 - - 126- 0.49. 0.039 -

60010
'  

26035fl 28/10 4 %.5 26.7 399 0.50 -

5030. 230201C 30/10 4 6.9 20.5 85.2 0.43 0.039

$5005. 17042.8 1/11 4 7.4 20.3 38.0 0.31 -

* * 1/11 50 - - 21- 0.27" 0.073

54048. 19019'9 1/11 4 7.5 21.4 42.9 0.37 -

1/11 100 - - 22. 0.19' 0.140

Bars oblck 55045. 12528E 19/11 2.5 9.9 - 43. 0.34 - 5.1.0.2

iJ/11 19 23.8 - 78.9 0.28 - 2.5.0.2

-Analysed by German droqraphlc Institute.

background is given by the April sampling and that this back-

ground still exists in the October samples we may calculate

that the 13 7Cs from Chernobyl in October was 60 - 22.6 = 37.4

Bq m-3 and the 
1 34Cs was (0.28x60) - (0.076x22.6) = 15.1 Bq m- 3 .

The theoretical 
134Cs/ 137Cs in pure Chernobyl debris was 0.466

in October. Hence the relative contribution of 
137Cs from Cher-

nobyl in October in the German Bight was (15.1x100)/(0.466x60)

= 54%. The increase in 137Cs here is thus a little lower than

in the Danish Straits.

Prior to Chernobyl in March 1986 (Table 4.4.5.1) the Baltic Sea

contained 12.8+0.64 BQ 137Cs m- 3 (+1 SD- N=4). At the Gauss

cruise in the last half of October the surface water of the

Baltic Sea contained: 379+301 (+1 SD? N=15) Ba 1 3 7 Cs m- 3 . The

concentration varied a factor of nearly 30. The highest levels

were found in the Gulf of Bothnia around 59
0 -62°N and 180-200 E.

The lowest concentration were seen in the southern part of the

Baltic Sea. The showed that nearly 100% of the

137Cs seen in the Baltic samples came from Chernobyl.
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During the Gauss cruise in the Baltic we filtered eleven large

volume (2-3 m3 ) sea water samples through a millipore (0.45 1m)

cartridge filters and determined the particulate y-emitters and

plutonium and americium (Table 4.4.6). Radiocesium and 110mAq

were measurable in nearly all samples. The ruthenium isotopes

were detectable in approximately half of the samples. The par-

ticulate fraction of 137Cs in Baltic Sea surface water varied

between 0.08% to 4.3%. The median level was 0.5%. The hiqh

percentage was found in the northern part of the Bothnian Bay

where the salinity is very low due to river run off (3.6 o/oo).

The 110mAg/1 37Cs ratio in particulate matter was inversely

proportional to the particulate fraction of 137Cs in the sea

water. If we calculated the percentage of particulate 1OmAg

compared to total 137Cs in the sea water we got a mean of

(0.23+0.09)xl0- 2 (+1 S.D.; N=9). This may be compared with the

ratio found in Chernobyl debris which is 5-10 times higher.

We assume that 110mAg is mainly present as particulates and

that most of it has sedimented. This means that the surface

water is depleted with respect to 110mAg compared with a soluble

nuclide such as 13 7Cs. If 137Cs to a large extent had been as-

sociated with particulate matter we would have expected the

110mAa/137Cs in particles to have shown a ratio with a siqnifi-

cantly smaller relative standard deviation than that found be-

tween 110MAg and total 137Cs in the water: we found relative

SD's of 110% and 41%, respectively, for the 9 samples. Three

sediment samples (cf. Table 4.6.2) from the Gauss cruise con-

tained 110mAg in the 0-3 cm layer. The mean ratio between 110mAg

and Chernobyl-derived 137Cs was 0.020+0.0071 (+1 S.D.; N = 3).

This ratio is 0.020/0.0021 - 9 times higher than the ratio found

between 110MAg and 137Cs in the surface water. This supports

our hypothesis that most of the 110mAg has sedimented. Five

1.8 m3 samples of Baltic surface sea water from the Gauss cruise

has been analysed for 2 4 1Am. The mean content was 0.29+0.09

mBq m- 3 (+1 S.E.; N=5). A detailed table will appear in the

1987 report. None of the samples contained measurable amounts

of 2 42Cm.
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4.5. Strontium-90 and radiocesium in soil samples

In order to determine the total fallout of 9 0 Sr, 137Cs and
134Cs deposited after the Chernobyl accident two soil samplings

were performed. The first one took place in the period 15-27

May. At each of the 10 state experimental farms three samples

were collected from grass fields which had been undisturbed

since the Chernobyl accident. Each sample was 10 x 10 x 5 cm

(the depth was 5 cm). Table 4.5.1 shows the results of this

sampling. From 15-17 September a new sampling was carried out.

This time the samples were collected to a depth of 10 cm (cf.

Table 4.5.2 and Fig. 4.5.1). Finally, a special sampling was

made in South Jutland at 5 locations where the Institute of

Radiation Hygiene in Copenhagen had identified relatively high

depositions in grass samples (Table 4.5.3).

Table 4.5.1. Soil collected at the 10 state experimental farms

in May 1986. 0-5 cm layer. (Unit: Bq m-
2
) (untreated soil samples)

Location 
10 3

Ru 1311 
134

C, 
1
37Cs 

14 0
La Date in

May

Tylstrup q70 620 340 Q90 167 27

Kale 1350 620 470 1100 270 27

Borris 1360 1440 450 1200 520 16

Askov 5000 4200 1650 3300 2400 17

St. Jyndevad 1330 1460 480 1370 520 16

Arslev 3400 3500 1060 2100 1120 17

Tystofte 1630 1670 450 1020 410 15

Ledreborg 1660 830 450 1140 160 A 26

Abed 1600 1800 390 970 290 A 15

Tornbygqrd 1120 890 290 610 220 22

Mean 1940 1690 600 1390 600

Rel. S.C. W 21 23 22 18 36
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Table 4.5.2.1. Soil collected at the 10 state experimental farms
15-17 September 1946. 0-10 co layer

Location 9
0
Sr 

1 0 3
RU 1

0 6
RU 

1
34CO 

1 3 7
Cs estimated liram Calculated

depositiondats) Ch~ nob 
1 3
lCe

Chernobyl Sr 1CO/413CO 6 0.48)
Bq *

"
2

?ylstrup 173 - 310 1030 31 650

Kale 300 500 980 A 780 4400 (26) 1620

Borri 250 280 - 420 1750 (31) 880

Askov 310 1530 2500 1820 4300 70 3800

St. Jyndevad ISO 370 750 500 1940 38 1040

Arslev 230 600 - 970 2400 83 2000

Tystofte 153 300 B - 390 1230 40 610

tLedreborq 170 490 980 A 630 1650 (6.4 1310

Abed 185 370 - 400 1380 16.7 030

Tornbyqgrd 185 220 A - 300 990 25 620

Mean 214 - 652 2110 37.7 1356

Rel. S.E. lk - 22 19 19 23

Table 4.5.2.2. Soil collected at the 10 state experimental farms

15-17 September 1986. 0-10 cm layer

Location 905r 
1 0 3

Ru 106Ru 
1 3 4

cs 
1
37c8 408

Bq kg"
1  

q k9"
I

Tylstrup 1.59 - - 2.8 9.5 12.0

Kale 4.6 7.8 15.3 12.2 69 10.3

SOrris 2.5 3.1 - 4.7 17.5 9.6

Askov 3.3 16.6 27 19.8 46.8 10.6

St. Jyndevad 1.72 3.5 7.0 A 4.8 18.4 8.8

Arslev 2.2 5,8 - 9.3 24 16.7

Tystofte 1.54 3.0 9 - 3.9 12.3 17.8

Ledrehora i.90 5.6 11.3 A 7.2 14.0 19.2

Ahed 1.97 3.q - 4.2 14.7 16.6

TornbyqArd 2.1 2.5 A - 3.4 11.0 19.4

**an 2.37 7.2 24.2 14.0

Rai. S.E. 9 13 23 25 9

-..
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Total Deposition from Chernobyl by
September 1986

59ON Bq 137CS -2 9 NBq 9°Sr M- 2

(Calculated Values)

580N 58°N

570N 570N

56ON 940± 6 '-56ON

550 N Qi225 0

..

53ON , , 53"N

70E 80E 90E 100E 110E 120E 130E 140E 150E 160E

Fig. 4.5.1. The deposits of 
1 37Cs and 

9 0 Sr from Chernobyl at the 10

State experimental farms in Denmark by September 1986. The error terms

for 
13 7

Cs are 1 S.C. of the mean of the soil measurements in September

and of the soil measurements in June plus the fallout from June to

September. The 1 3 7 Cs contribution in soil samples were calculated from
134C9 measurements and the 1 3 4Cs/ 1 37 Ce ratio of 0.55 at April 26, 1986

in Chernobyl debris. The Sr-90 deposition was based upon precipitation

samples only.



-112-

The results of the soil sampling may be compared with the de-

position measured in precipitation samples. In this respect it

is a problem that the systematic measurements of 137Cs and
134Cs in precipitation samples from the state experimental

farms first started May 5, 1986. We have thus not been able to

include the dry deposition of radiocesium in the last days of

April and the first ones of May. We neither have a direct meas-

ure of the deposit with the few showers occurring before May 5.

We have, however, calculated the 137Cs deposition from 9 0Sr

data assuming a 137Cs/90Sr ratio in Chernobyl debris of 26.3,

i.e. the ratio observed in May (cf. Table 4.2.2.2). The mean

ratio: Bq 137Cs m- 2 (precipitation by 1986)/Bq 134Cs m-2/0.48

(soil in September 1986): 0.8410.30 (+1 S.D.; N = 10); (0.48 is

the 134Cs/ 13 7Cs ratio in Chernobyl debris in September 1986).

Half of the stations showed a significantly higher Chernobyl
137Cs in the soil samples than in precipitation: Kalo, Askov,

Ledreborg, Abed and Tornbygaard; but a few: Arslev and Tystofte

showed lower soil values. The soil data may be the most reli-

able, because they best represent what actually has been de-

posited on the fields - including dry fallout, for which we

suspect the rain furnpls to have been less efficient. On the

other hand, the rain funnels cover a larger area than the soil

samples. In our prediction model calculations (cf. Appendix C2)

we have used the mean of precipitation and soil data for the

estimation of the deposition of 
137Cs in 1986.

Tables 4.5.2.1 and 4.5.2.2 show that the contribution from

Chernobyl in the 0-10 cm soil layer in Denmark was 18% for
9 0Sr and 64% for 137Cs. The relative high Chernobyl contribution

for 90Sr compared with 137Cs reflects the fact that global fall-

out 9 0Sr migrates more rapidly than 1
3 7Cs d'wn through the soil

layers.

The highest deposition from Chernobyl was found in South Jut-

land. Five locations (cf. Fig. 4.5.2) were selected and two

sets of samples were collected. One set, 0-10 cm, was treated

as normal soil samples, i.e. it was blended and crushed and

stones were removed. The other set was collected to 5-cm depth

and was not treated at all, but the total sample was measured.
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Tables 4.5.3.1 and 4.5.3.2 show the results. It appears that
the 0-5 cm sample set contained a 35% higher Chernobyl deposit
of 134Cs than the 0-10 cm set. The other nuclides did also show

a higher deposition in the 0-5 cm samples. We have no explana-
tion for this difference for the time being, but we will return
to the problem in next year's report.

In case of 10 3Ru there was no siqnificant difference between
the 0-5 cm and 0-10 cm sample sets.

The 103Ru/ 134 Cs ratio mean (decay corrected to 26 April 1986)
was 5.79+0.33 (+1 S.D.; N - 5) in the 0-10 cm set and 4.56+0.23
in the 0-5 cm set (Tables 4.5.31 and 4.5.3.2).

Esbjerg Kolding i [fart

*Gabel * , A ssens
St>in

Sander Vilst.
Rangstrupe...... .......

.... .. .. .Hokkerup k,
%%\ %. •, I...

Rensborg...

Fig. 4.5.2. Special soil sampling in South-Jutland in 1986.

I 4
'1i

-4i
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Table 4.5.3.1. Soil collected 15-17 September 1986 in South-Jutland (0-10 cm layer)

Location 
9
0Sr 

10 3
6u IOGRU 

13 4
CS 

13 7
C, CalculatedCh nob¥1 137?Co

(TJCS/ 1?Ce =0.40)

S-2Bq e
"2

Hokkerup 200 670 1010 A 1330 4200 2000

Sender Vilstrup 230 430 - 770 2100 1600

Gabel So0 1055 1720 A 1820 4700 3800

Rangstrup 400 920 1510 1680 4300 3500

Styding 290 430 930 A 740 2100 1550

Mean 340 700 - 1270 3500 2650

Rel. S.R. t 14 18 18 17 18

Table 4.5.3.2. Soil collected 15-17 September 1986 in South-Jutland (0-5 cm layer)

(untreated soil, cf. text)

Location 
10 3

Ru 
10 6

6u 
13 4

Cs 
13
7Cs Calculated

C 1enobl 137C

(134Cs/17Cs * 0.48)Bq m
- 2

Rokkerup 650 1530 1450 3600 3000

Sender Vilstrup 360 780 800 2000 1670

Gabel 1000 2300 2500 5300 5200

Rangetrup 990 2100 2300 5100 4800

Stydlng 670 1650 1480 3200 3100

Mean 730 1670 1710 3800 3600

Rel. S.S. 1 16 16 18 16 18

Table 4.5.4. Radionuclide ratios in soil samples collected in

Denmark 15-17 September 1986. Decay corrected to April 26, 1986

(0-10 cm layer)

Mean t 1S.D.
without At 26 April Number of S of 

13 7
CS

decay 1986 r"sults by 26/4

9
5
Nb/

1 34
CS 0.66±0.30 2.66±1.21 6 144

10 3
1u/

1 34
Cs 0.71±0.12 7.42!1.25 12 400

106Ru/134Cs 1.29t0.32 1.48±1.37 5 0

9SZr/134Cs 0.21 0.65 1 46
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From Table 4.5.1 we find a countrywide mean ratio in the 0-5 cm

soil layer from May 1986 of 4.8910.74 (*1 S.D.; N = 10) and

Table 4.5.2 gives us a mean ratio for the 0-10 cm layer in Sep-

tember of 7.791.04 (-I S.D.; N - 9). It thus seems that 134Cs

has not penetrated as deep as 10 3Ru in the soil. This was to be

expected if Ru is on an anionic form, which will not be retained

as easily as the cationic 1 3 4 Cs by the soil minerals.

4.6. Sediments

An extended sediment sampling took place in 1986, in order to

see how rapidly the Chernobyl debris appeared in the sediments.

Unfortunately 134Cs has to be determined on an enhanced back-

ground of naturally occurring radionuclides in sediments. This

52'E 56'E 120E 4'E 56'E 120E *E 8'E

55058,N 55 048'N

'_55056,'N  - 55046 'N

. ..... .... 2 '

550'N 550'N

550 5.8'N , 55038'N

0 5000 m
Fig. 4.6.1. Roskilde fjord.

II
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jaki. 4.3.3. Sediment moepi.. collertod i~n the Danish straits in 3943

Loartion Data Depth Bedim 1
3
IC!e 

13 7
C.2 1

3 4
C/

3  1
34Cs 134CO 9 q k

I in. Iayer flq q ~ Sq o
2  

13C Iqtkql 09 0-
In ON dry dry

54-34, 11.04. A.,q 23 26 0-3 14.7 230 1 - 31.0

3-6 3.9 329 - - 1.S

6-9 ).3 70 II - 3.5

9-12 1.4 43 16 - 3.9

12-14 1.0 a Ws. a 21.15

0-14 537

S5023' 11003- A9 24 24 0-3 43 274 0.10 B 4.3 a 24 a 21.1

3-4 24 279 - - - 21.S

1-9 4.2 61 - - - 21.7

9-12 2.43A 24 A - - - 21.4

12-14 0.9 a 11 a 23.0

0-14 dis4 26

940-23- 11093' to" 37 24 0-3 44 524-0 - 21.1

3-4 39 240 - - - 20.1

6-9 4.4 S4 - - 9.1

9-:2 4.3 30 -- - 19.9

12-I9 4.9 59 -- - 20.9

0-15 r. 943

57039. 11027. Jane. 13 37 0-3 5 290 - 23

3-4 59 544 - - 25

3-9 $1 60 - - 24

9-32 74 1040 -- - 25

O-t2 2490

54030. 110471 Aug 25 2S 0-3 3.5 210 4.14 3.0 20 33.7

3-4 5.4 240 - - - 33.0

3- .1 330 - - - 13.0

0-1 .560 1 20

S6010- 11047. Now 17 2S 0-2 4.6 234 0.35 0.7 A 34 h 35.2

3-6 3.2 342 - - - 14.3

4-9 1,6 A. 55 - - - 34.9

0-9 t 427 134

S4057. 32041. Anq 29 27 4-' 4.4 355 0.30 3.3 46 35.5

3-4 3.2 13 - - - 11.1

0-9 F. 124 T.44

55042. 12-'06, Ore 3 0-3 23 352 0.20 4.4 33 32.2

3-3 33.2 390 - - - 11.9

9-2 2. 9 - 3.

0-32 r. 479 I3
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raises the limit of detection in such samples. In the Danish

straits (Table 4.6.1) only three samples showed indication of
134Cs. The 137Cs levels did neither indicate a significant con-

tribution from Chernobyl debris. The two samples displaying a
1 34Cs content indicate a deposit of Chernobyl 137Cs in the or-

der of 60 B m-1 , i.e. 5-10% of the actual deposit.

At the Gauss cruise to the Baltic Sea 18 HAPS cores were col-

lected, 11 of these showed a 134Cs content. The highest radio-

cesium levels were found in samples collected at 610 30'N,

170591E and at 620 401N, 190331E. These samples contained ap-

proximately 7 kBq 1 3 7 Cs m- 2 from Chernobyl. This may be com-

pared with a coastal deposition in Eastern Sweden at the same

lattitudes in the order of 60-80 kBq 1 3 7 Cs m- 2 38). Hence the

sediments contained about 10% of the radiocesium deposit in Oc-

tober 1986). Three samples contained 110MAg; the mean 110mAg/
137Cs ratio in these samples was 0.021+0.008 (+1 S.D.; N = 3).

The theoretical ratio in October 1986 was estimated at 0.009 38).

Hence we may conclude that 110mAq from Chernobyl was sedimented

easier than radiocesium (cf. also 4.4). The conclusion from the

observations of radiocesium in the Baltic Sea is that the Cher-

nobyl cesium was not associated with particulate matter to any

siqnificant extent, it behaved as we would have expected it

from our global fallout studies of 137Cs.

Table 4.6.2.2. Radionuclides In sediment samples (0-3 em) collected at the Gauss cruise to

the Baltic Sea in October 1906. (MAPS) (ASRA: 0.0145 m2) (supplwoent to Taele 4.6.2.1)

Gauss No. 
40
Co 

60
Co 106Ru 

10
GRu 1100A 110 

14
4c, 

14 4
Ce

(cf. Table
4.6.2.1) Sq k-q

1 
dry aq m

- 2  
q kq

- 1 
dry So 0-2 Sq ka

- 1 
dry g 0

-
2 Bq kq

- 1 
dry q m

- 2

17 1.10 21

to 17 A 480 A

39 8.9 A 220 A

47 50 A 110 A 13.5 46

63 107 600 9 9 50

95 21 420

-- ---- ----n ------------- ----ll~im w m m
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5. DANISH FOOD AND VARIOUS VEGETATION

by A. Aarkrog

5.1. Strontium-90 and radiocesium in dried milk from the

entire country

As compared with 1985 the countrywide mean 90Sr level in dried

milk increased by 7% in 1986. The locations in South (AbenrA)

and West Jutland (Videbak) increased by 22 and 16%, respective-

ly. Funen (Nyborg) increased by 5%. The other locations were

unchanged except Hjorring (N-Jutland) which decreased a little.

The milk levels reflect the distribution of the Chernobyl fall-

out over Denmark (cf. Fig. 4.5.1).

The 137 Cs content increased in 1986 by a factor of 14 compared

to 1985. The maximum occurred in June (2120 Bq 137Cs (kg K)-1 ).

Table 5.1.1. Strontium-90 in dried milk in 1986. (Unit: Bq (kg Ca)
- I

)

Month Rjerring Randers Videbak Abenri Nyborg Ringsted Nakskov Mean

Jan 67 66 61 59 64 42 45 58

March 68 67 73 67 68 44 47 62

May 62 63 105 89 73 52 65 73

June 80 94 107 t06 103 39 53 83

July 59 67 86 77 51 36 37 59

Aug 69 70 79 75 46 40 40 60

Sept 61 81 76 81 58 37 38 62

Oct 60 72 80 86 56 32 37 60

Nov 69 70 73 79 65 38 48 63

Dec 62 76 73 79 68 49 4? 64

Mean* 66 72 79 77 65 41 45 64

Jan and Mar each counted twice in the mean.

As I cubic meter of milk contains 1.2 kg Ca, the mean 
9 0

Sr content in lanish milk

produced in 1986 was 77 Sq m
3

(or 0.077 Sq 
9 0

Sr 1-
1
).
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Table 5.1.2. Analysis of variance of In Bq 90Sr (kg Ca)-1 in
Danish dried milk in 1986 (from Table 5.1.1) (milk year)

variation SSD f 92 v2

Between months 0.949 11 0.086 5.444 > 99.95%

Between locations 6.061 6 1.010 63.712 > 99.95%

Month x loc. 1.046 66 0.016

100E 120E

SHjesn

570 N 570N

560N ~ ~ 56 0 N

550N A55
0N

___ _km_ 550 N

I00E 120E 150E

Fig. 5.1.1. Dried milk sampling locations in Demark.
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By December the 137Cs had decreased by a factor of 4.4. As for
9 0Sr we observed the highest levels in the milk from Videbak,

Abenr& and Nyborg.

The 134Cs/ 137Cs ratio indicates that since June all radiocesium

in Danish milk came from Chernobyl.

Table 5.1.3 shows the results of the 13 7Cs determinations and

Table 5.1.4 the analysis of variance of the results. Figures

5.1.2 and 5.1.3 show the 9 0 Sr and 1 3 7 Cs levels in dried milk

compared with the predicted values (cf. Appendix C). The ob-
served 90 Sr levels in 1986 were 0.52 times the predicted, while

the observed 137Cs levels were 0.27 times the predicted ones

(means of Jutland and the Islands). It is thus evident that the
models were not able to predict the Chernobyl milk levels

better than with a factor of two to four.

Table S.1.3. Itedioceaium in Danish dried milk in 1966. Units aq 137CO (kg R)
- I 

(
1 3 4

CS/
1 37

C.)

Month fijerring Randers Vidabak Abenri Nyborq Rinqsted Nakakov Mean pTjoCr/ejjja31 S Chpjno.ylI Cs/ Ca 1 C¢a

Jan ---------- 4- ----------------------- 31 ----------- 40

rob ------------ 44 ---------------------- 24 ------------ 3

March-- ------------ -39---------------------- 20 ------------ 31

April ------------ 55 ------------ ---------- 66 ----------- 60

Nay 133 42 2200 IS20 400 940 1420 960

(0.46) (0) (0.52) (0.561 (0.48) (0.50) (0.57) (0.44) 0.14 @1

June 1480 2400 2900 3500 3400 470 700 2120

(0.53) (0.54) (0.54) (0.52) (0.40) (0.51) (0.55) (0.52) 0.52 100

July 670 1240 2100 1020 690 440 330 1070

(0.50) (0.51) (0.53) (0.54) (0.SS) (0.46) (0.50) (0.52) 0.51 96

620 1000 1490 (550 970 260 260 690

(0.S3) (0.51) (0.50) (0.49) (0.S0) (0.51) (0.52) (0.51) 0.S0 90

Sep 1140 640 1220 1260 1260 270 171 0o

(0.44) (0.44) (0.S0) (0.49) (0.4S) (0.49) (0.40) (0.46) 0.46 t0

Oct 610 490 1000 1260 790 260 350 650

(0.47) (0.44) (0.47) (0.S3) (0.44) (0.42 (.S) (04.47) 0.47 100

a" 360 630 930 690 520 230 111 530

(0.43) (0.42) (0.41) (0.43) (0.47) (0.46) (0.6) (0.44) 0.46 105

Doc 410 640 60 040 490 230 142 480

(0.44) (0.45) 10.47) (0.42) (0.44) (0.39) (0.49) (0.44) 0.45 102

man 490 610 (050 1050 740 270 205 640

As 1 abie miaot Of milk contains approx. 1.60 0 It. the man 
1 3 7

Cs content in Danish milk produced

in (96 was atimated at 1062 aq a
- 3

(Or 1.06 sq 
1 3 7

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

Danish dried milk in 1986 (from Table 5.1.3) (milk year)

Variation SSD f s2  V2  P

Between months 15.858 11 1.442 4.570 > 99.95%

Between locations 29.258 6 4.876 15.456 > 99.95%

Remainder 20.507 65 0.315

10 ' .l l l l il il I I I I I I I I I I I I I I I I I I I l l l Il l f l l l l

Dried milk from Denmark
"Milk year"

10

COW 0 7

0*0

m 102o

10 1 .... ,,.,,,.,

55 60 65 70 75 80 85 90 95
YEAR

Fig. 5.1.2. Predicted (curve) and observed 9 0 Sr/Ca levels

in dried milk from Denmark (May 1962-April 1987).
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Milk from Denmark "Milk year"

0

-P

CD102
0

101
55 60 65 70 75 80 85 90 95

YEAR

Fig. 5.1.3. Predicted (curve) and observed 1 3 7 Ca/K levels

in dried mtilk from Denmark (may 1962-April 1987).

5.2. Fresh milk

5.2.1. Radiostrontium and radiocesiu' in total milk

In June and September milk and grass (cf. 5.10.2) samples were

collected at the state experimental farms in Denmark. If we

assume that a cow producing 11 1 milk per day needs 9 feed units

and that it gets them as grass, this corresponds to a daily

grass consumption of 50 kg fresh weight. From this and from
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Tables 5.2.1, 5.10.2 and 5.10.4 it is possible to calculate the

percentage of the daily intakes of 9 0 Sr and 1 3 7 Cs excreted in

the milk. For 9 0Sr we found that 1.5% of the intake were ex-

creted in the milk both in June and September. In case of 137Cs

the June excretion was 7+1% (N = 9; +1 S.E.), but in September

the excretion was as high as 22+5% (N = 10; +1 S.E.) (cf. also

Figs. 5.10.2.1 and 5.10.2.2). The cows may in September have

received some stored fodder from May-June with a high 137Cs

content. We have earlier 21) found excretions of 1.9% for 90Sr

and 7.6% for 137Cs.

5.2.2. Radiostrontium and radiocesium in consumers milk
Milk was purchased in the 8 zones and Copenhaqen (Figs. 5.4.1

and 5.4.2) in May-June and in November-December 1986. The re-

sults are shown in Table 5.2.2 and were similar to those in the

dried milk samples (cf. Table 5.1.3).

5.2.3. Radiostrontium and radiocesium in Danish cheese

Cheese samples were obtained monthly from dairies in West and

South Jutland in 1986. Table 5.2.3 shows that the Bq 13 7Cs (kg

K)- I levels in cheese were higher than those in dried milk
samples from the same areas (cf. Table 5.1.3) and so were the

Bq 90Sr (kg Ca) -1 levels (Table 5.1.1). The reasons for these

discrepancies may be due to higher 137Cs and 90 Sr concentra-

tions in the milk used for cheese production than that used for

dried milk.
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Table 5.2.3. Strontium-90 and radiocesium in cheese collected in West and

South Jutland in 1986

Month Sq 90 Sr Bq 90sr Bq ' 13 7C 31374¢./137¢
kq 1  (kg Ca)-1  k9 "1  (kg X)-l

June 1.24 164 3.9 5300 0.49

July 1.22 167 3.2 4500 0.45

Aug 0.86 112 1.74 2100 0.53

Sept 1.11 122 1.58 1760 0.38 A

Oct - - 1.39 1740 0.50

Oct, Nov. Dec 0.91 120 1.43 3500 0.47

June-Dec mean 1.02 132 2.1 3200 -

For 90Sr the values for Oct, Nov, Dec counted three times in the means.

For 137Cs they counted twice, because we already had one value from Oct.

5.2.4. Iodine-131 in Danish milk after Chernobyl

In the first days after the Chernobyl accident a number of milk

samples were analysed for 131I. As Danish cows had not started

grazing when the Chernobyl fallout arrived, we would not have

expected 1311 in Danish milk in general, and most of the samples

received were in fact below the detection limit. We received,

however, also some samples from farms where the cows had begun

grazing. Furthermore, we collected grass from these farms for a

comparison between 131I concentrations in milk and grass (see

Table 5.10.7). The mean ratio: Bq 131I 1-1 milk/Bq 131I kg- 1

grass (dry matter) was 0.015+0.007 (N = 4; +1 S.E.), dry matter

content of grass was 20%. This ratio is compatible with earlier

observations 21), where we found a ratio of 0.01.

In consumers milk collected countrywide in May-June 1986 (Table

5.2.4) we found 1.65 Bq 13 1I 1- 1 milk. In Table 5.10.3 we have
1311 data on countrywide collected grass samples from May 12

and approximately June 11. If we decay-correct (effective half-

life of 1311 on grass is 5 days) these two sets of grass samples

to May 27, which was the mean date for the milk sampling (and
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Table 5.2.4. Zodine-131 in consumer milk collected

in the 8 zones and Copenhaaen in May-June 1986

Zone Date Bq 1-1

1: North Jutland 24/5 1.56

1I. Cast Jutland 26/5 1.60

II1. West Jutland 26/5 1.72

IV. South Jutland 2/6 1.34

V. Funen 2/6 1.38

VI. Zealand 21/5 1.74
9/6 (0.46)A

VII. Lolland-Falster 2/6 0.46 A

VIII. Bornholm 17/5 (5.5)
22/5 3.4

Mean 1.65

Copenhagen 2/6 0.56

Figures in brackets not included in the mean.

also the mean date of the grass sampling) we find a mean 1311

concentration in Danish grass of 29 Bq kq-1 fresh weight or

145 Bq kq-1 dry weight. Hence the milk/grass ratio becomes

1.65/145 - 0.011 which again is compatible with earlier obser-

vations. We may thus conclude that the Chernobyl 131, showed

nearly the same transfer from grass to milk as observed earlier

for global fallout iodine. In such calculations it is always a

problem what the cows may have eaten beside the grass.

The Danish authorities asked the farmers to keep their cows on

staple until about 10 May. This reduced the 1311 content in

Danish milk just after the accident from a calculated level of

about 50-100 Bq 1- 1 to a few Bq 1- 1. When the cows began grazing

a countrywide surveillance of the milk were carried out. Ap-

proximately 100 milk samples were measured daily. Figure 5.2.4

shows the daily median concentrations of this monitoring pro-

oramme.

I.
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=10.0 , , .,(

Median Levels in Countrywide Collected
Danish Milk8.0 1

_ 6.0

c" / .0

2.0

0.0
12 14 16 18 20 22

DATE IN MAY 1986

Fig. 5.2.4. Iodine-131 in Danish milk collected countrywide in May 1986.

5.3. Strontium-90 and radiocesium in grain from the entire

country

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

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

as previously (Rise Report No. 631), and 13 7Cs and 13 4 Cs were

measured on ashed samples by y-spectrometry on aGe(Li) detector.

Tables 5.3.1 and 5.3.2 show the measurements of 9 0 Sr in grain

in 1986. Table 5.3.4 qives the analysis of variance of the Bq
90 Sr (kg Ca) -1 figures and Table 5.3.3 that of the Bq 90Sr kg-1

qrain figures.

i
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Table 5.3.1. Strontim-90 in Danish grain in 1966. (Unitt Ba kq-
1
)

Barley wheat
Location Bye Oats Triticale

Winter Spring
Spring Winter Winter Spring

Tyletrup 0.44 0.55 0.59 0.40 0.69 0.75

Kale 0.46 0.02 0.30:0.10- 0.42 0.32±0.03* - 1.05 -

Askov 0.79 0.63 0.63 -0.01 0.41 0.03 0.72 0.06 1.12-4.08 0.30

Borrn 0.47 '0.02 0.63 0.47 0.42 0.29 0.77 0.09 1.09

St. Jyndevad 0.41 0.38'0.03 0.53'0.03 0.34 0.65 -

Arslev 0.51 0.39L0.05 - 0.174 - 1.01 -

Tystofte 0.26 0.45*0.03 0.22*0.02 0.25 0.25 0.48 -

L4Edreborq 0.3210.01 0.28 0.34 0.10 0.62-4.27 0.41 -

Abed - 0.164 0.29!0.00 0.30 0.27-0.04 0.0186'0.003 -

Tornbyqhrd 0.167 0.23'0.05 0.22"0.03 0.129 - 0.23 -

mean 0.42 0.40 0.41 0.30 0.48 0.67 -

-Nean of Kale and Odum ft S.E.

The error term is I S.C. of the mean of double determinations.

Table 5.3.2. Strontium-90 in Danish grain in 1986. (Unit: Bq (kg Ca)
-
1)

Barley Wheat
Location Rye Oats Triticale

Winter Spring
Spring Winter Winter Spring

Tylstrup 1060 1490 1100 1200 1580 920

Kale 510:63 680 138* 660 940 55. - 1050 -

Askov 1880 1420 I010:4 1190'45 1650 131 1200t41 900

Borris 1070 194 1500 960 1410 770 97098 2300

St. Jyndevad 1470 1000 101 1110'121 1020 - 870 -

Arslev 1340 1100 152 - 440 - 1170 -

Tystofte 740 940 76 400 41 620 670 560 -

Ledreborg 600:49 810 620 980 1530:570 440 -

Abed - 330 48064 740 440 -42 240-B -

Tornbygird 470 510188 360L67 470 - 290 -

Mean 1040 960 770 920 111C. 770 -

-Mean of Kale and Odum I S.C.

The error term is I S.E. of the mean of doUble determinations.
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Table 5.3.3. Analysis of variance of in Bq 
90

sr kg
-
' in grain

in 1986 (from Table 5.3.1)

Variation SSD f 62 v 2  p

Betveen species 2.174 3 0.725 5.372 -

Setveen locations 10.455 9 1.162 8.611 > 99.95%

Spec. - loc. 3.500 26 0.135 1.726 -

Remainder 2.970 38 0.078

Table 5.3.4. Analysis of variance of in Bq 
90

Sr (kg Ca)
-1 

in

qrain in 1986 (from Table 5.3.2)

Variation SSD f 62 v
2  

P

Betveen species 0.799 3 0.266 2.232 -

Between locations 12.716 9 1.413 11.835 > 99.95%

Spec. - loc. 3.104 26 0.119 1.502 -

Remainder 3.021 38 0.080

Table 5.3.3 shows that the variation in Bq 90Sr kg - 1 between

species was significant. Oats showed the highest Bq 9 0 Sr kg - 1

levels. The 9 0 Sr levels in grain from 1986 were 18% higher than

those found in 1985. All species except barley were higher in

1986.

AS in previous years, the variation with location was highly

significant; the mean Bq 9 0Sr kg-1 level for grain from Jutland

was 1.8 times that in eastern Denmark. The observed Bq 9 0Sr kg-1

levels in grain from 1986 were 0.86+0.22 (1 S.D., N - 8) times

those predicted (cf. Appendix C).

Tables 5.3.5 and 5.3.6 show the measurements of 137Cs and 134Cs

in grain in 1986. The 137Cs mean level in arain from 1986 was

43 times the level in 1985. The fallout in May-August 1986 was

1630 times that of the fallout in May-August 1985.

.6
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The ANOVA's (Tables 5.3.7 and 5.3.8) showed significant varia-

tion between locations but Jutland was as a whole not signifi-

cantly different from the Islands.

Due to the early arrival of the Chernobyl fallout, the crops

were in general very small and most of the activity was thus not

intercepted by the plants. Only in the case of rye the plants

were sufficiently developed for a significant uptake. Hence the

radiocesium concentrations in rye were at least an order of

maqnitude higher than those of the other species.

Our prediction models (cf. Appendix C.2) which assume that the

radiocesium found in grain is solely dependent upon the fallout

coming in may-August, overestimated the actually found radio-

Table 5.3.5. Radiocesium in Danish grain in 1986. (Unit: Ba 
1 3

7Cs ka)

Barley Wheat
Location Bye Oats Triticale

Winter Sprinq
Spring Winter Winter Spring

T"'lstr.p 1.95 0.41 0.84 0.35 0.35 0.33

- (0.44) (0.43) (0.37 A) (0.50) -

Kale 6.5 0.26-0.05 0.61 0.59 0.11 1.04

(0.49) - (0.78) (0.60) - -

Askov 19.1 0.25 1.37 0.55 0.96 1.11 2.6

(0.58) - (0.49) (0.80 A) (0.53) (0.37) (0.52)

Borris 12.0 0.39 1.71 0.47 0.28 0.27 0.98

(0.451 (0.67) (0.55) (0.46 A) - - (0.53)

St. Jyndevad 12.0 0.48 1.70 0.98 - 1.07 -

(0.52) (0.39 B) (0.45) (0.49) - (0.43) -

Arslev 14.0 0.24 - 1.54 - 2.5 -

(0.51) (0.58 A) - (0.41) - (0.48) -

Tystofte (7.9 0.22 0.66 0.49 0.159 0.21 -

(0.50) - (0.48) (0.42) (0.66 A) - -

Ledreborg 9.9 0.179 0.68 0.71 0.23 0.23 -

(0.49) (0.76 B) (0.60) (0.52) - - -

Abed 0.43 4.0 1.44 0.26 0.31 -

- - (0.52) (0.48) (0.84 A) - -

Tornbyqhrd 6.8 0.41 1.28 0.87 - 0.30 -

(0.50) (0.40 B) (0.44) (0.47) - - -

Mean 11.1 0.33 1.52 0.80 0.37 0.74 -

*fean of Kale and dum 'I S..

in brackets the 
1 3 4

CS/
13 7

Cs are shown.
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Table 5.3.6. Cesium-137 in Danish qrain in 1986. (Unit: bq 
1 3 7

Cs (kq K)
-
')

Srley Wheat
Location Rye Oats Triticale

Winter Spring

Spring Winter Winter Spring

Tylstrup 460 92 188 99 94 83 

Kale 1490 61t13 173 168±42 - 290 -

Askov 4500 77 480 182 300 320 660

Dorris 3600 101 380 131 73 89 187

St. Jyndevad 2400 112 380 250 - 230 -

Aralev 2900 54 - 380 - 570 -

Tystofte 3500 47 166 111 40 53 -

Ledreborq 1900 39 135 145 43 60 -

Abed - 64 1030 350 40 73 -

TornbygArd 1640 76 320 220 - 97 -

Mean 2500 72 360 200 98 200 -

*Mean of Kale and Odum 1 S.E.

Table 5.3.7. Analysis of variance of In Bq 
137

Cs kg
"1 

in

grain in 1986 (from Table 5.3.5)

Variation SSO f s2 v
2  

P

Between species 72.354 5 14.471 46.212 > 99.95%

Between locations 7.136 9 0.7q3 2.532 > 97.5%

Spec. - loc. 12.213 39 0.313 3.559 -

Remainder 0.176 2 0.088

Table 5.3.8. Analysis of variance of In Bq 
137

Cs (kg K)
- I 

in

grain in 1986 (from Table 5.3.6)

Variation SSO f 82 v
2  

p

Between species 69.630 5 13.926 47.771 > 99.95%

Between locations 7.874 9 0.875 3.001 > 99%

Spec. ,loc. 11.369 39 0.292 2.523 -

Remainder 0.231 2 0.116
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cesium concentrations by 1-2 orders of magnitude, because these

models assume an approximately constant fallout rate during the

growing period.

From experimental uptake studies at Rise we have earlier pro-

posed a model for the contamination of barley grain, which

takes the time of contamination into consideration 27 ):

u(t) = 0.098 e- 0.0013(t - 34) 2  (Eq. 1)

where 11(t) is the activity in Bq 137Cs kg-1 in the mature

barley grain at harvest

(t) is the time in days before harvest when the crop

has received I Bq 137Cs per m 2 barley field.

The equation was calculated for a crop density of 0.8 kg dry

matter m- 2 at harvest, which is the average agricultural yield

in a mature Danish barley field. In a similar way we have pro-

posed a model for the initial uptake % of the barley crops at

various times t before harvest:

% = 36 e-0 .00052(t- 30) 2  (Eq. 2)

We tested these two models at Rise for a field with winter bar-

ley. Model (Eq. 2) was in aqreement with observations if we as-

sumed a field loss half-life of 2 days for days with rain and

of 14 days durinq dry periods. This is a more rapid field loss

than observed under the experimental conditions, for which the

two equations were developed. In that case the field loss half-

life was 20 days. We may thus expect that much of the 137Cs de-

posited after Chernobyl has been lost from the crops before it

could be translocated to the grain. Equation (Eq. 1) would thus

overestimate the actual levels in mature grain. This was also

the case. From Equation (Eq. 1) we calculated a grain level of

4.2 Bq 137Cs kg-1 but we found only 0.3 Bq kg-1 .

In Tables 5.3.12.1 and 5.3.12.2 we have made the calculations

of grain from the various state experimental farms. The periods

for deposition measurements are here lonaer than for Rise and
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Table 5.3.9. Harvest date* for Danish grain in 1986

Barley Wheat
Location Rye Oats Tritical.

Winter Spring
Spring Winter Winter Spring

Tylatrup 26/8 13/S 13/S 5/9 8/9 26/S -

Kale Sept 21/8 4/9 9/9 - 26/S -

Askov 17/9 17/9 17/9 17/9 17/9 17/9 17/9

Dorria 4/9 18/8 7/8 4/9 5/9 5/9 16/9

St. Jyndevad 14/8 16/8 1i/ 14/S - 14/S -

Aralev 26/8 21/8 - 26/S 21/8

Tystofte 19/8 21/S 13/8 25/S 21/8 4/9 -

Ledreborq 20/8 1/8 1 /8 21/8 4/9 29/8 -

Abed - 29/8 6/8 3/9 29/8 29/8 -

TornbyqArd 21/S 18/8 18/S 25/S - 25/8 -

Table 5.3.10. Radloc sium and Strontium-90 in barley samples collected at Rise in 1986

Date Sample kg 0
"2 

aq 
137

Ca Sq 1
37
c Bq 137C 134C/137C8 Sq 

90
5r Sq 

0
5 Variety

kg
1  

(kg K)- -2 kq
t  

Vkg c

4/5 Total plant 0.16 5.1 0.82 0.57 A Winter barley

16/5 - - 0.48 10.5 2300 1.0 0.61 - -

2/6 - - - 1.82 1.6 a 400 a 2.9 5 1.1 5 - -

30/6 - - - 3.02 1.10 A 250 A 3.3 A -- -

12/0 - - 1.64 133 0.49 5 - -

Grain 0.30 A 73 A - 0.183 360 - * -

Husks 3.5 500 0.51 B - -

Straw 7.7 670 0.49 1.03 520 - -

Grain 0.13 B 34 0.11 a 300 8 Spring barley

Straw 1.84 151 0.6 2.55 390 - -

Table 5.3.11. Radioceaium in spring barley saaples collected at Grevinge,
W-Sealand in 1986

Date sample kg 0*2 Sq 
137

Ca &q 
137

C, Sq 
137

C& 
13 4

Cp/
137

C.
k

1- I  
(kg K)

"  "2

14/5 Total plant 0.071 16.6 A 3500 1.15 A 0.01 A

20/6 - - 1.24 0.92 A 195 1.14 A -

15/7 - - -1.0 0.7 8 160 a -0.7 -

4/8 - - 0.74 1.08:0.20 16s25 0.8

IS/@ - - 0.98 1.0 !0.6 2-0!20 1.0

1/9 - * - 1.21 0.76 0.16 2904120 0.9

9/9 Grain 0.33 63 0.46

The error term is I S.t. from double determinations.
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Table M.3.12.1. Nodel- predictions of 
13 7

Cs from Chernobyl in Danish mature spring barley grain

at harvest 1986

Wet deposition (9q 
13 7

es m-2)
predicted (Sq 

1
3Cs kq-1

5-12 May 12 Nay-I June I June-i July

Tylstrup 200 177 41 13 Aug 2.68

Kalp 220 3SO 60 21 Aug 1.97

Sorris 471 237 SI 1 Auq 2.21

Askov 1230 467 248 20 Aug 7.44

St. Jyndevad 397 333 30 16 Aug 2.19

Arslev 637 470 150 21 Aug 4.35

Tystofte 6 810 52 21 Aug 2.40

Ledreborg 314 159 31 1 Aug 1.38

Abed 26 417 35 29 Aug 0.55

Akirkeby 92 202 55 29 Aug 2.15

-Heuristic barley model from ref. 27: u(t) 9.9'10-2 e0*00
13

(t-34
)
1

(t is the time in days before harvest and U(t) is the concentration (sq 
137

Cs kg
- 1

) in

mature grain for a deposition of 1 Bq 
137

Cs %
-
2 barley field at time (t)).

Table 5.3.12.2. Comparison of measured and predicted concentrations of 
137

Cs in Danish

mature barley grain at harvest 1986

Winter barley Spring barley
Location

1 rmes ./pred, meas. pred. meas./pred.
(( k9

- 1 )  
(1) (Sq kg

1
) (Sq kg

1
) (6)

Tylstrup 0.84 2.68 31 0.41 2.68 Is

Kale 0.20 1.97 10

Sorris 1.71 6.01 28 0.39 2.21 18

Askov 1.31 7.44 Is 0.25 7.44 3

St. Jyndevad 1.70 3.69 46 0.48 2.19 22

Aralev 0.24 4.35 6

Tystofte 0.66 1.4q 44 0.22 2.40 9

Ledreborq 0.68 2.69 25 0.18 1.38 13

Abed 4.81 6.43 75 0.43 0.55 78

Akirkeby 1.28 2.15 60 0.41 2.1S 19
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the uncertainty on model calculations may thus be larger. It is

evident that the contributions from July-August play an import-

ant role in the models. This contribution may, however, not be

so important in reality because the fallout in July-August was

mostly due to local resuspension. This means that the radio-

cesium was attached to soil particles, which may retain the

radiocesium so efficiently that the plants cannot get hold of
it. The field loss of resuspended matter may also be higher
than of primary fallout.

5.4. Strontium-90 and radiocesium in bread from the entire

country

In 1986, samples of white bread (75% extraction) and dark rye
bread (100% extraction) were collected all over the country (cf.

Figs. 5.4.1 and 5.4.2) in November, and 9 0Sr, 137Cs and 134Cs
were determined. Samples from Copenhagen were analysed separate-

ly. The 137Cs determinations were carried out on the ash by
Ge(Li) Y-spectroscopy.

Tables 5.4.1 and 5.4.2 show the results. It is assumed that 1 kg
flour yields approximately 1.35 kg bread11 ) and that wheat flour
of 75% extraction contains 20% of the 9 0Sr and 50% of the 13 7Cs
found in wheat grainl), while rye flour is 100% extraction.
Hence we can compare the 1986 bread levels with the 1985 grain
levels (cf. Table 5.4.3). The above assumptions for transfer of
137Cs and 90Sr from grain to bread seem justified for rye but
not for wheat. This has in fact been envisaged in Riso-R-437

p. 8621) where it is predicted that the transfer from wheat to
white bread will increase from 20 to 33% for 90 Sr. The discre-
pancy for 137Cs on white bread/wheat may be due to import of
Chernobyl-contaminated wheat from Southern Europe, where the
contamination of wheat was higher than in Den:ark.
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Table 5.4.1. Strontium-90 in Danish bread collected in Nov 1986

Rye bread White bread
Location

Sq kg
-1  

Bq (kg Ca)
-1  

Bq kg
-1  

Bq (kg Ca)
- 1

1. North Jutland 0.43 t44 0.182 98

[I. East Jutland 0.27 Sao 0.135 74

111. West Jutland 0.31 940 0.099 340

IV. South Jutland 0.38 153 0.155 128

V. Funen 0.23 210 0.108 112

Vit. Zealand 0.27 184 0.094 42

VII. Lolland-Falster 0.24 166 0.117 71

VI33. Bornholm 0.21 103 0.097 182

Mean 0.29 310 0.123 131

Copngeh1.n 0.24 720 0.166 69

Population-
weighted mean 0.28 480 0.132 50 .

Table 5.4.2. Radiocesium in Danish bread collected in Nov 1986

LoainRye bread White bread

Scl 137CS eq 137C, 134Cs/137Cs Sq I137Cs Bq 137C, 134Cs/137Cs
kq-

1  
(kq K)-

M  
11

- 1  
(kq KI

"1

1. North Jutland 11.3 3300 0.48 0.95 590 0.38

IT. East Jutland 10.0 3200 0.45 0.59 400 0.54

III. West Jutland 7.5 2600 0.48 1.81 1300 0.49

IV. South Jutland 9.2 2800 0.46 0.88 610 0.46

V. Funen 10.8 3800 0.49 0.66 560 0.48

VI. Zealand 6.3 2100 0.47 0.30 220 0.52

VII. Lolland-Faster 1.9 530 0.48 1.48 930 0.44

VITT. Bornholm 4.7 1980 0.48 0.181 135 0.54 A

Mean 7.6 2500 0.47 0.86 , 590 0.48

Copenhagen 4.5 1420 0.46 0.26 184 0.51 A

Population-
weigh ted mean 7.6 2500 0.47 0.71 Soo 0.50
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Table 5.4.3. A comparison between 
90

Sr and 
137

Cs levels ia& bread and

grain 1986

Nuclide Species Bread activity Activity in "Bread"/grain
in Nov 1986 grain from ratio
calculated as harvest 19861)
grain in Bq k9

-1  
Bq kg-

(cf. text)

Wheat 0.89 0.39 2.390
Sr

Rye 0.38 0.43 o.q

1
3
7C Wheat 1.92 0.63 3.0

Rye 10.3 11.2 0.9

5.5. Strontium-90 and radiocesium in potatoes from the entire

country

The samples of potatoes were collected in September from ten of

the State experimental farms (cf. Fig. 4.2) and analysed for
9 0Sr, 137Cs and 134Cs (Y-spectroscopy of the ash).

Table 5.5.1 shows the 9 0Sr and radiocesium contents in potatoes.

The mean contents for the country were 0.039 Bq 9 0Sr kg-1 , or

820 Bq 9 0Sr (kg Ca) -1 , and 0.197 Bq 137Cs kg-1 or 46 Bq 13 7Cs
(kg K)-1 . The 90 Sr levels were 70% of those in 1985, and the
137Cs concentrations were 3.4 times the 1985 values.

The mean ratio between observed and predicted 90 Sr concentra-

tions in potatoes was 0.41 and for 137Cs we found 0.05 (cf.

Appendix C).

II I I I
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Table 5.5.1. Strontium-90 and radiocesiam in Danish potatoes in 1986

Location 30 
9 0

Sr kq
- I 

Bo 
9 0

Sr (kq Ca)
"1  

Do 
1 3 7

Cs kq
- 1 

B 
1 3 7

Cs (kq KI
- 1 1 3 4

Csi
1 3 7

Cs

?ylstrup 0.033 890 0.075 22 0.46 A

Kale 0.041 1110 0.66 149 0.43

Borris 0.043 930 0.180 40

Askov 0.062 1340 0.54 137 0.32 A

St. Jyndevad 0.020 560 0.30 64 0.28 A

Arslev 0.040 660 0.076 16

Tystofte 0.0S8 1140 0.063 15

Ledraborg 0.033 540 0.029 6.3

Abed 0.029 460 0.020 4.0

Bornholm 0.035 540 0.020 3.7

Mean 0.039 820 0.197 46

5.6. Strontium-90 and radiocesium in vegetables and fruits from

the entire country

In 1986, as in previous years, vegetables and fruit were col-

lected in the autumn from eight larger provincial towns, one

in each of the eight zones (cf. Fig. 5.4). The programme was,

however, expanded considerably compared to previous years.

Tables 5.6.1-5.6.14 show the results.

Table 5.6.1. Strontium-90 and radiocesium in cabbage collected in Aug-Sept 1986

Zone q 90sr Bq 90Sr q 137C, q 137k 134Cs/ 137Cs
- (kg Ca)

1  
kg

- 1  
(kg K)-

I. North Jutland 0.173 600 0.29 154 0.20 A

I. East Jutland 0.143 340 0.183 A 69 A

1II. West Jutland 0.28 780 0.51 280 0.42

IV. South Jutland 0.21 390 0.56 200 0.45

V. Funen 0.069 120 0.044 A 27 A

VT. Zealand 0.139 310 0.03 B 10 5

VII. Lolland-Falster 0.24 370 0.131 50

VIII. Bornholm 0.53 780 0.03 8 10 B

Mean 0.22 460 0.21 100
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Table 5.6.2. Strontium-90 and radiocesium in carrot collected in Auq-Sept 1986

Zoneq 
90

sr Sq 
9

sr Sq 
137

CS Bq 137C 134Ce/137CS
kg

1  
(kg Ca)

-  
kg

-1  
(kg K)-

I. North Jutland 0.155 510 0.042 22

II. East Jutland 0.28 790 0.24 197 0.29

III. West Jutland 0.31 1130 0.137 56 0.37

IV. South Jutland 0.189 800 0.24 210 0.21

V. Funen 0.187 640 0.024 11.5

Vt. Zealand 0.23 790 0.035 16.4

VII. Lolland-Falster 0.194 510 0.044 22

VIII. Bornholm 0.45 870 0.065 13.4

Mean 0.25 760 0.103 69

Table 5.6.3. Strontium-90 and radiocesium in beans collected in Aug-Sept 1986

Zone q 
90
Sr Bq 

90
Sr q 

137
Cs Sq 137C 

134
Cs/

137
Cs

kg-
1  

(kg Ca)
-1  

kg
I  

(kg K)-"

Z. North Jutland 0.34 410 0.082 A 23 A

II. East Jutland 0.25 410 0.088 A 28 A

III. West Jutland 0.30 550 0.22 101 0.46

IV. South Jutland 0.61 1780 1.20 79 0.48

V. Punen 0.33 660 0.27 114 0.48 A

VT. Zealand 0.64 qSO 0.116 33

VII. Lolland-Falster 0.133 350 0.039 8 17 8

VIII. Bornholm 0.157 320 0.016 B 6 B

Mean 0.34 680 0.130 50

w6
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Table 5.6.4. Strontium-90 and radiocesium in peas collected in July 1986

Zone sq Sr Bo 90Sr Sq 137Cs Sq 137C, 134Cs/ 1 37Cs
kg

1  (kq Ca)
-1  

ka
- 1  

(kg K) -

I: North Jutland 0.23 1160 0.22 69

1I: East Jutland 0.35 1130 0.130 A 36 A

II: West Jutland 0.28 1120 0.38 99 0.45 A

IV: South Jutland 0.068 280 0.179 A 42 A

V: Funen 0.196 770 0.37 147 0.36

VI: Zealand 0.085 560 0.052 B 17 B

VII: Lolland-Falster 0.38 280 0.128 8 27 B

VIII: Bornholm 0.34 400 0.087 A 36 A

Mean 0.24 710 0.194 59

Table 5.6.5. Strontium-90 and radiocesium in lettuce collected in July 1986

Zone Bq 
90

Sr Bq 
9 0

St Bq 
137

Cs Bq 
137

C? 
13

4Cs/
137

Cs
kg

1  
(kg Ca)

- I  
kg

-
1 (kg K)

-

I: North Jutland 0.62 1350 0.31 79 0.32

II: East Jutland 0.195 870 0.085 33

III: West Jutland 0.028 790 1.22 360 0.49

IV: South Jutland 0.20 1030 0.74 177 0.31

V: Funen 0.181 240 1.00 220 0.51

VI: Zealand 0.20 380 0.195 44

VII: Lolland-Falster 0.181 270 0.55 220 0.45

VIII: Bornholm 0.38 480 0.192 43

Mean 0.25 680 0.54 147
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Table 5.6.6. Strontium-90 and radiocesium in onion collected

in Aug-Sept 1986

Zone 
-

Bq 9Sr Bq 
90

Sr Bq 
137

Cs Bq 137C
kg- (kg Ca)

- 1  
kg

- 1  (kg K)-"

I: North Jutland 0.20 510 0.040 B 21 B

II: East Jutland 0.28 890 0.079 A 29 A

ITT: Rest Jutland 0.45 1170 0.090 42

IV: South Jutland 0.24 610 0.015 B 10 B

V: Funen 0.20 900 0.032 B 18 B

VI: Zealand 0.43 1070 0.031 B 15 B

VII: Lolland-Falster 0.26 730 0.026 B 13 B

VIII: Bornholm 0.37 1300 0.008 B 6 B

Mean 0.30 900 0.04 19

Table 5.6.7. Strontium-90 and radiocesium in tomatoes collected

in July-Aug 1986

Zone B 
90

Sr Bq 
90

Sr Bq 
137

Cs Bq 137C
ko

1  
(kg Ca)

-
? kq

1  
(kg K)

-
1

I: North Jutland 0.038 B 16 B

II: East Jutland 0.022 B 10 B

III: West Jutland 0.142 45

IV: South Jutland 0.044 A 18 A

V: Funen 0.032 B 13 8

VI: Zealand 0.037 B 14 B

VII: Lolland-Falster 0.062 B 20 B

VIII: Bornholm 0.058 B 20 B

Mean 0.0081 73 0.054 20
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Table 5.6.8. Strontium-90 and radiocesium in strawberries collected in July 1986

Zone Bs 
90
Sr Bq 

9 0
Sr 8, 

137
CS Sq 

137
CI 

134
Cs/

137
C,

ka
1  

(kg Ca
-1 
1 g

-  
(kg K)-

I: North Jutland 1.38 750 0.52

II: Cast Jutland 4.0 2100 0.49

III: West Jutland 4.3 2300 0.54

IV: South Jutland 4.2 2200 0.49

V: Funen 2.7 1320 0.55

VI: Zealand 0.31 156 0.48 A

VII: Lolland-Palster 0.71 370 0.38 A

VIII: Bornholm 1.26 890 0.55

Mean 0.30 1250 2.3 1260 0.50

Table 5.6.9. Strontium-90 and radiocesium in gooseberries collected in

July-Aug 1986

Zone Sq 
90

Sr Bq 
90

Sr Bq 
137

CS Sq 1
37
C. 

134
C5/

137
Cs

kg- (kg Ca)
-1  

kg
- I  

(kg K)"

I: North Jutland 4.0 2500 0.52

MI: Cast Jutland 11.8 8600 0.55

III: West Jutland 19.8 10900 0.54

IV: South Jutland 8.2 4100 0.50

V: Funen 8.2 6100 0.53

VI: Zealand 6.9 4800 0.50

VII: Lolland-Falster 5.0 2400 0.47

VIrI: Borrnholm 4.1 2100 0.54

Mean 0.083 410 8.5 5200 0.52
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Table 5.6.10. Strontium-90 and radiocesium in red currants collected in

July-Auq 1986

Zone 
1

q
90

Sr Bq 
90

Sr Bq 137Cs BQ 137C 
134

Cs/137Cs
q (kq Ca)

-1  
k9

-
1 (kq K)

I: North Jutland 3.6 1670 0.55

I: East Jutland 13.5 6000 0.53

III: West Jutland 39 12100 0.51

IV: South Jutland 27 9200 0.49

V: Funen 12.9 4800 0.48

VI: Zealand 13.7 5100 0.54

VII: Lolland-Falster 6.6 2800 0.52

VIII: Bornholm 4.4 1790 0.50

Mean 0.45* 1100 15.1 5400 0.52

*
89

Sr/
90

Sr: 2.2

Table 5.6.11. Strontium-90 and radiocesium in black currants collected in

July-Aug 1986

Zone Bq 
90

Sr Bq 
90

Sr Sq 
137

Cs Bq 
137

C 
134

Cs/
137

Cs
k-

1  
(kg Ca)

-I  
kg

-1  
(kg )

-

I: North Jutland 6.8 2600 0.47

II: East Jutland 16.8 3800 0.51

III: West Jutland 25 11200 0.50

IV: South Jutland 26 7400 0.51

V: Funen 23 5100 0.48

VI: Zealand 6.7 2400 0.50

VII: Lolland-Falster 15.4 4200 0.51

VIII: Bornholm 3.9 1010 0.56

Mean 0.57 840 15.5 4700 0.51



- 151 -

Table 5.6.12. Strontium-90 and radiocestum in raspberries collected in

July-Aug 1986

lone Sq 90
Sr Sq 90

Sr Bq 
137

C Sq 1
37
CI 

134
Cs/137cs

kg- (kg Ca)
-  

kg
-  

(kg K)-

I: North Jutland 1.24 500 0.60

II: East Jutland 3.5 1290 0.53

III: West Jutland 13.2 4500 0.49

IV: South Jutland 8.2 3700 0.50

V: Punen 5.0 2300 0.59

VI: Zealand 2.2 1240 0.52

VII: Lolland-Falster 4.7 1760 0.54

VIII% Bornholm 1.88 710 0.50

Mean 0.040 13Q 5.0 2000 0.53

Table 5.6.13. Strontium-90 and radiocesium in cherries collected in July-Aug 1986

Zone Sq 
90

Sr Sq 'OSr q 137CS Sq 1
37
C, 

134
Cs/

137
Cs

kgt  (kq Ca)
- 1  

kq
- 1  

(kg K)
-

I: North Jutland 4.5 1640 0.49

11: East Jutland 8.3 3200 0.52

III: West Jutland 12.0 6200 0.54

IV: South Jutland 6.4 3400 0.51

V: Punen 12.8 5100 0.51

VI: Zealand 3.1 1590 0.49

VII: Lolland-Falster 2.7 1090 0.46

VIII: Bornholm 2.5 700 0.51

Mean 0.164 940 6.5 2900 0.50
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Table 5.6.15 shows a calculation of the mean contents of 
9 0Sr and

13 7Cs in Danish vegetables collected in 1986. The 9 0Sr levels

were similar to the 1985 concentrations.

The 13 7 Cs concentrations in 1986 were 3.2 times higher than

those in 1985.

The 1986 levels in Danish fruit were calculated from apples

(80%) and strawberries (20%). The mean levels in Danish fruit

were thus 0.067 Bq 9 0Sr kg-1 and 1.82 Bq 137Cs kg-1 . The ob-

served Bq 9 0Sr kg-1 levels in vegetables and fruit in 1986 were

0.74+0.54 (1 S.D.) times those predicted (cf. Appendix C). In

the case of 137Cs, the observed values were 0.33±0.34 times the

predicted ones. Apples were the only one which came close to

the predicted value for 137Cs in 1986.

Table 5.6.14. Strontium-90 and radioceajum in apples collected in Aug-Sept 1986

Zone Sq 
90

sr Sq 
90

sr Sq 
13 7

Cs sq 137C 134¢s/137CS
kg

1  
(kg Ca)

-1  
kg

- 1  
(kg K)

-

I: North Jutland 0.65 500 0.49

11: East Jutland 1.47 1230 0.54

III: West Jutland 2.8 2500 0.46

IV: South Jutland 1.93 1340 0.48

V: Funen 1.05 1440 0.58

VI: Zealand 2.0 1580 0.49

VII: Lolland-Falster 2.5 1210 0.46

VIII: Bornholm 0.46 300 0.47

Mean 0.0088 176 1.70 1260 0.50

Table 5.6.15. Calculated 
90

Sr and 
1 37

CM mean levels in vegetables in 1986

Daily intake in q Bq 90r kq
-1  

Sq 
9 0

Sr (kg Cal-
1 

Bq 
13 7

Cs kq
- 1  

&q 
1
3
7
CB (kg K)

-1

50 leaf vegetables
fcabbage) 0.22 460 0.21' 100

30 root vegetables
(carrot) 0.25 760 0.103 69

40 peas and beans 0.29 695 0.162 55

120 9 0.25 610 0.167 77

I
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The Chernobyl accident did not influence the 9 0 Sr levels in

vegetables and fruits. In case of 137Cs the influence was

strongest for berries such as red and black currants. The coun-

trywide mean value for these berries was 15 Bq 137Cs kg-1 . Root

vegetables in particular onion were very little affected by the

radiocesium from Chernobyl. The 137Cs content in most onion

samples was in fact below the limit of detection.

The high 13 7Cs concentration in berries was due to translocation

of 1 3 7 Cs (and 1 3 4 Cs) to the berries. This is demonstrated by
the 1 0 3 Ru/ 13 7 Cs and 10 6 Ru/ 1 3 7 Cs ratios in Table 5.6.16 which
both are a factor of two lower than those seen in the air in

July-August 1986 (cf. Appendix).

Table 5.6.17 shows that 131, was present in the fresh contami-

nated vegetables. The concentrations relative to 137Cs corre-

sponded to those seen in air and precipitation. A spinach

sample was measured before and after washing. The 131I content

Table 5.6.16. Radionuclide concentrations relative to those of 13
7
Cg in various

fruit samples

Species Zone Date 
9 5

tr 95Nb 103Ru 
10 6

Ru 
14 1

Ce 
14 4

Ce

Red currant III Aug 4 0.039 0.01 0.163 0.25 - 0.083

- - VI July 23 - 0.027 0.22 0.23 - -

- - VIII July 24 0.21 0.46 0.41 - 0.102 0.34

Black currant V Aug 5 0.093 0.25 0.35 0.37 A 0.050 A 0.22

- VI July 23 0.031 A 0.064 0.119 - - -

- - VII July 29 0.195 0.39 0.26 0.072 0.27

Gooseberry I July 10 - 0.114 0.31 - - -

- - II July 10 - 0.069 0.28 -

- - III July 10 - - 0.165 0.118 A

- - IV July 10 - - 0.33 -

- - V July 10 - - 0.29 -

- - VI July 14 - - 0.124 0.099 A

- - VII July 10 - - 0.29 -

- - VIII July 7 0.45 0.76 0.23 0.32 A 0.23 0.67

Strawberry III July 10 0.082 0.113 0.078 - 0.039 -

- - IV July 10 - 0.120 - -
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after washing was 91% of that before washing and the radiocesium

was 78%. Thus 1311 may be more difficult to remove by washing

than 137Cs.

Table 5.6.17. Radionuclides in some vegetable samples collected

just after the Chernobyl accident (Unit: Eq kq
- 1

)

Sample Location Date 1311 
13 4

Cs 13
7
Cs

1986

Rhubarb Ganlese
(Zealand) 9/5 6.8 - -

Radish Ganlese
(Zealand) 9/5 42 6.1 10.5

Chive fiedehusene
(Zealand) 9/5 113 8 B 21.5

Parsley Roskilde
(Zealand) 8/5 500 116 230

Spinach Svendborg
(unwashed) (Funen) 9/5 810 189 330

Spinach Svendborg
(washed) (Funen) 9/5 740 144 260

5.7. Strontium-90 and radiocesium in total diet from the entire

country

In 1986 total-food samples representing an average Danish diet

according to E. Hoff-Jorgensen (cf. Appendix B in Rise Report

No. 631)9 were collected from 48 towns, 6 from each of the

eight zones (cf. Figs. 5.4.1 and 5.4.2) and from Copenhagen.

The sampling took place in June, September and December.

Tables 5.7.1-5.7.6 show the results. The 90Sr'levels in Jutland

was 6% higher than those in the Islands in 1986. The 137 Cs levels

were 17% higher in Jutland than those from the Islands.
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Table 5.7.1. Strontium-90 in Danish total diet collected in June 1986

Son* q kg C,
1  

S -1q a 9 Ca day-I
capy

I. North Jutland 96 0.145 1.51

II: cast Jutland 126 0.189 1.50

III: West Jutland 138 0.173 1.25

IV: South Jutland Ill 0.173 1.56

V: Funen 128 0.166 1.29

VI: Zealand 107 0.156 1.46

VII: Lolland-Falstar 109 0.174 1.60

Vill: Bornholm 88 0.142 1.61

mean 113 0.165 1.47

Copenhagen 100 0.149 1.49

Population-
weighted mean 114 0.164 1.44

Table 5.7.2. Strontium-90 in Danish total diet collected in September 1986

Zone Town Sq (kg Ca)
-1  

Bq da
- I  

g Ca day
- I

group cap

1: North Jutland A 105 0.158 I.SO
8 94 0.143 1.52

II: Cast Jutland A 100 0.143 1.43

8 122 0.174 1.43

III: West Jutland A 117 0.183 1.56

a 113 0.184 1.63

IV: South Jutland A 103 0.159 1.54

B 101 0.164 1.42

V: Punen A 100 0.151 1.51

8 80 0.130 1.63

VI: Zealand A 86 0.128 1.49

a 101 0.130 1.29

VII: lolland-Falster A 110 0.163 1.48

B 78 0.135 1.73

VIIl: Bornholm A 93 0.144 1.55

B 91 0.151 1.66

Mean 100 0.153 1.54

Copenhagen 77 0.120 1.56

Population-
weighted mean 101 0.145 1.44
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II

Table 5.7.3. Strontium-90 in Danish total diet collected in December 1986

Zone Town bq (kg Ca)
-1  

Sq da 
" 1  

g Ca day
- I

group cap--

I: North Jutland A 120 0.195 1.54

B

II: East Jutland A

B 149 0.20 1.36

III: Weat Jutland A 1I1 I.172 1.48

B

IV: South Jutland A

B 160 0.24 1.50

V: Punen A 135 0.180 1.33

B

VI: Zealand A

B 113 0.161 1.42

VII. Lolland-alater A 95 0.157 1.65

B

VIII: Bornholm A

a 117 0.161 1.38

Mean 126 0.182 1.46

Copenhagen f03 4.174 1.69

Population-

weighted ean 122 0.180 1.49

Table 5.7.4. Radioceslum in Danish total diet collected in June 196

Zone Sq (kg K)
"
1 Sq day-

1  
g 9 day

- 1  1 3 4
Cs/

13 7
CS

cap
1
"

I: North Jutland 620 2.40 3.87 0.52

It: East Jutland 640 2.32 3.62 0.30

III: West Jutland 700 2.57 3.67 0.46

IV: South Jutland 1480 5.53 3.74 0.54

Vs Funen 1320 4.76 3.61 0.51

VI: Zealand 171 0.60 3.51 0.46

VII Lolland-Palster 240 0.90 3.75 0.50

VIIT: Bornholm 630 2.35 3.73 0.51

Mean 725 2.6R 3.69 O.SO

Copenhaqen 240 0.85 3.S4 0.47

Population-weighted mean %60 2.04 3.62 0.49

Ii



- 157 -

Table 5.7.5. Radiocesium in Danish total diet collected in September 1086

Zone Town Bq (kq K)-1 Bq day-
1  

9 K day
- 1  1 3 4

CS/
1 3 7

Cs
qroup cap

-

1: North Jutland A 610 2.32 3.00 0.43

B 550 2.02 3.67 0.49

I: East Jutland A 450 1.65 3.67 0.44

B 570 2.19 3.84 0.48

III: West Jutland A 760 2.91 3.83 0.35

a 590 2.18 3.69 0.50

IV: South Jutland A 750 3.06 4.11 0.50

5 980 3.67 3.74 0.42

V: Funen A 00 3.09 3.86 0.53

a 650 2.42 3.72 0.46

VI: Zealand A 290 1.11 3.03 0.53

B 320 1.22 3.81 0.42

VII: Lolland-Palster A 310 1.18 3.01 0.46

B 350 1.33 3.60 0.35

VIII: Bornholm A 370 1.50 4.05 0.50

a 400 3.54 3.85 0.49

Mean 550 2.09 3.82 0.46

Copenhagen 390 1.53 3.92 0.38

Population-weLghted mean 500 1.93 3.80 0.44

The 9 0 Sr 1986 levels (mean of June and December values) in the

total diet were equal to the 1985 levels, while the 
1 3 7 Cs levels

were 13.8 times higher in 1986 than in 1985.

From the total-diet sampling it is possible to estimate the

mean levels of 9 0 Sr and 137Cs in the Danish diet in 1986. For

the period January-April 1986, the 9 0Sr level in the total diet

is assumed to have been equal to that measured in December 1985,

Rise Report No. 5491). For the period May-July we assume the

level to have corresponded to that measured in June 1986. For

the months August-October we used the September 1986 figures and

the December 1986 figures are taken to represent the last two

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

1986 was 109 Bq 9 0 Sr (kg Ca) - 1 , or 0.16 Bq 9 0 Sr (day) - 1 .
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Similarly, the 137Cs content in the Danish diet in 1986 was es-
timated to be 1.45 Bq 1 37 Cs (day) - I or 390 Bq 1 3 7 Cs (kg K)-1 .

The daily mean intake of 134Cs was 0.63 Bq cap -' corresponding

to a 'total intake of 230 8q 1 3 4 Cs in 1986. The observed 137Cs
fallout level in total diet was 0.21 times that predicted (cf.

Appendix C.2).

Figure 5.7.1 show the zone mean Bq 90Sr (kg Ca)-1 levels (not
population-weighted) in total diet compared with the predicted
values (cf. Appendix C), the observed value was 0.65 times that
predicted.

Table 5.7.6. RadLocesium in Danish total diet collected in December 1986

Zone Town Sq (kg 9)-1 Sq day
- 1  

g K day
"1 1 3 4

Cs/
1 3 7

Ca
group cap

"
I

I: North Jutland A 680 2.54 3.74 0.41

B 540 2.05 3.80 0.41

II: cast Jutland A 690 2.59 3.75 0.43

B 760 2.70 3.55 0.41

IM: West Jutland A 790 3.01 3.81 0.42

8 810 3.02 3.73 0.43

IV: South Jutland A 700 2.77 3.96 0.43

50 2.26 3.90 0.40

V: Punen A 740 2.83 3.82 0.45

B 680 2.61 3.84 0.41

VI: Zealand A 660 2.41 3.65 0.44

a 920 3.41 3.71 0.38

VII: olland-Palster A 380 1.45 3.82 0.45

a 430 1.60 3.72 0.47

VIII: Bornholm A 290 1.21 4.17 0.40

8 270 1.10 4.07 0.40

Mean 620 2.34 ?.82 0.42

Copenhagen 420 1.56 3.71 0.44

POPllation-weighted sman 650 2.42 3.72 0.42
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5.8. Radionuclides in meat, fish, eggs and various vegetable

foodstuffs

5.8.1. Strontium-90 and radiocesium in meat

Pork and beef samples were collected in Copenhagen in three

large shops in March and September. Tables 5.8.1.1 and 5.8.1.2

show the results. Due to the Chernobyl accident meat samples

were furthermore collected from all parts of the country in

June (Table 5.8.1.3) and from major slaughter houses in August

and December (Table 5.8.1.4).

Table 5.8.1.1. Strontium-90 in Danish meat collected in Copenhagen

in 1986

Pork Beef

Month Bq kg
- 1  

Bq (kg Ca)
-1  Bq kg

-1  
Bq (kg Ca)

-1

March 0.005 B 65 8 0.04 B 340 a

Aug B.G.L. B.D.L. 0.01 8 95 B

Table 5.8.1.2. Radioceaium in Danish meat collected in Copenhagen

in 1986

Pork Beef

Month Bq kg
- 1 

Sq (kg K)
-1 134

Cs/
13 7

Cs Bq kg
-1 

Bq (kg K)
- 1 

1
34

Cs/
137

C8

March 0.25 73 - 0.159 43 -

Aug 2.0 520 0.61 17.1 4700 0.52

L_ *
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Table S.6.1.4. Radiocesium and Strontivm-90 in combined beef and pork

samples from Danish slaughterhouses collected in August and December 1986

Ponth Sample Bq 
1 37

Cs k9
"1  

Bq 1
3 7

CS (kg K)
- I  

1
34
Cs/

13 7
Cs Bq 

9 0
Sr kq

-
1

Auqust Beef 5.5 1640 0.50 0.03 5

- - Pork 1.42 440 0.47 0.008 a

December Beet 2.4 780 0.48

- - - Pork 0.89 340 0.44

In order to calculate the mean level of 1
37Cs in Danish meat in

1986 we use a similar model as that for total diet (cf. 5.7):

January-April is for meat represented by March (Table 5.8.1.2),

May-July by June (Table 5.8.1.3), August-October by August

(Table 5.8.1.4) and November-December by December (Table

5.8.1.4). We assume that the data from August 1986 in Table

5.8.1.4 represent the countrywide mean better than those in

Table 5.8.1.2, where the samples were from Copenhagen only.

Hence the mean 137Cs content in Danish beef in 1986 becomes 2.1

Bq kg - I and in pork we get 0.69 Bq 1 3 7 Cs kg - 1. Compared to 1985

the 1 3 7 Cs level in beef increased by a factor of 7.5 and that

in pork by a factor of 3. The difference in increase reflects

the differences in the contamination of grass (cow fodder) and

grain (pig fodder).

It is evident that it takes a longer time after Chernobyl for

the meat to obtain the maximum 1 3 7 Cs values than for the milk.

The mean ratio between observed and predicted (cf. Appendix C)
137Cs levels in meat was 0.05 and for 90 Sr the mean ratio was

0.44.

5.8.2. Radionuclides in fish

Fish samples were collected in the North Sea and in inner

Danish waters. Tables 5.8.2 show the results. The mean levels

were 0.014 Bq 90 Sr kg- I and 4.75 Bq 1 3 7 Cs kg - 1 .
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The mean 13 7Cs content in fish from Cattegat was 1.24 times

that in fish from the North Sea, but the contribution from

Chernobyl was 74% in the North Sea fish while it was 60% in the

fish from Cattegat. Hence the 137Cs concentrations in Cattegat

fish became 5.25 ) 0.6 = 3.15 Bq kg -I and in North Sea fish

4.25 x 0.74 = 3.15 Bq kg-1 , i.e. the same level. This implies

that the mean content of non Chernobyl 137Cs in Danish fish

from the autumn of 1986 became 1.6 Bq kg- 1, which is half of

the 1985 level in fish. The marked reduction in the discharges

of 137Cs from Sellafield in the later years have thus reduced

the 137Cs concentrations in fish significantly. In 1985 we

estimated that 80% of the 137Cs in Danish fish came from non

fallout sources, i.e. mostly from Sellafield. In 1986 only I Bq
1 37Cs kg-1 fish was from Sellafield and similar sources (e.g.

La Hague) this is 27% of the total 13 7Cs in fish in 1986. In

this calculation we assumed that 1/3 of the 1986 consumption of

fish was free of Chernobyl 137Cs, i.e. it contained 1.6 Bq
137Cs kg-1 , while 2/3 contained 4.75 Bq 137Cs kg-1 of which

3.15 Bg kg-1 came from Chernobyl.

We also followed the monthly radiocesium concentrations in eels

caught in the Baltic Sea near Oscarshamn in Sweden in 1986

(Table 5.8.2.2).

The Chernobyl signal was most evident in the sample from July.

The Baltic eel samples contained less Chernobyl 137Cs than the

fish from the Cattegat and the North Sea (cf. Table 5.8.2.1).

Table 5.8.2.2. Radiocesium in eels from the

Baltic Sea (Oscarshamn, Sweden) in 1986

Month Sq 13 7Cs kg-
1  134

C,/1
37
CS

April 15 1.48 0

June 17 2.3 0.16

June 2.7 0.22

July 3.9 0.33

Aug 3.2 0.21

Sept 3.5 0.18

Oct 3.2 0.28

Nov-Dec 3.1 0.17
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5.8.3. Strontium-90 and radiocesium in eggs
Eggs were collected countrywide in September 1986. The 9 0Sr

concentrations were a little lower than in 1985, i.e. not
influenced by the Chernobyl accident. The 13 7Cs concentrations

increased by a factor of 3 compared to 1985.

Furthermore we analysed countrywide collected egg samples in
August and December. They contained 0.144 and 0.22 Bq 137Cs

kg-1 , respectively, and the 13 4Cs/ 137Cs were 0.44 and 0.48.

The observed 90Sr levels in eggs were (cf. Appendix C) 0.46
times those predicted, but the observed 137Cs concentration
was 10 times those predicted. This indicates that our prediction
model for 137Cs in eggs has significantly underestimated the
importance of the deposition of 137Cs in the year when the eggs

are produced.

Table 5.8.3. Strontium-90 and radiocesium in Danish eggs collected countrywide
in September 1986

Zone aq 
90

sr Bq 
90 

r Bq I37c q 1
37
c, 134C./137c,

kg
1  

(kg Ca)
- I  

kg-
1  

(kg K)-

I: North Jutland 0.0186 34 0.175 121 0.54

II: East Jutland 0.0168 31 0.154 100 0.87

III: West Jutland 0.0169 30 0.181 121 0.53

IV: South Jutland 0.022 39 0.170 114 0.70

V: Punen 0.021 39 0.184 127 0.46

VI: Zealand 0.0157 28 0.21 143 0.32

VII: Lolland-Paister 0.0128 23 0.111 78 -

VIII: Bornholm 0.0157 29 0.126 92 0.53 8

mean 0.0174 32 0.164 112 -

Copenhagen 0.0169 31 0.068 45 -
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5.8.4 Strontium-90 and radiocesium in the variety of vegetable

food

In the imported vegetable products there was a significant

"Chernobyl signal" in hazelnuts and in oranges.

Table 5.8.4. Strontium-90 and radiodesium in various imported vegetable food

purchased in Copenhaqen in November 1986

sample sq 9sr q 90sr Bq 
137

Cs ,q 
137C 1

34
CS/137Cs

kq
1  

(kg Ca)-
1  

kg
-1  

(kg K)"

Rize 0.0139 44 0.035 44

Oats 0.40 163 0.160 40 -

Hazel nuts 2.5 950 280 40000 0.47

Banana 0.0060 55 0.009 a 2.3 B -

Orange 0.128 340 0.127 92 0.46

Coffee 0.42 740 0.53 33 -

Tea 0.41 3000 2.8 184 -

5.9. Estimate of the mean contents of 90Sr and radiocesium

in the human diet in Denmark in 1986

5.9.1. The annual quantities

The annual quantities are calculated by multiplication of the

daily quantities by 365 (as stated by E. Hoff-Jorqensen, cf.

Rise Report No. 63, Table BI)).

5.9.2. Milk and cream

The 90 Sr and 137Cs contents per kg milk were calculated from the

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

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

Hence the mean contents in milk were 0.077 Bq 90 Sr kg-1 and

1.062 Bq 137Cs kg-1 .

-4
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5.9.3. Cheese

One kg of cheese contains approximately 8.5 g Ca and 1.2 g K.

The 90 Sr and 137Cs contents in cheese were calculated from these

figures and from the 90 Sr/Ca and 13 7Cs/K ratios in dried milk

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

tain 0.54 Bq 90 Sr and 0.768 Bq 
137Cs.

5.9.4. Grain products

Tables 5.9.1 and 5.9.2 show the estimates of 9 0 Sr and 1 37 Cs,

respectively, in grain products consumed in 1986. From these

tables, the activity levels in grain products were estimated

at 0.197 Bq 90 Sr kg- 1 and 1.106 Bq 137Cs kg- 1 .

Table 5.9.1. Estimate of the 
9 0

Sr content in grain products consumed pro capite

in 1986

Type Fraction from harvest 1985 Fraction from harvest 1986

Total

kg flour Sq kg
- I  

Bq kg flour Sq kg
- I  Tq ql

Rye flour
100% extraction 21.9 0.38 8.32 7.3 0.43 3.14 11.46

Wheat flour
75% extraction 32.9 0.06 1.97 10.9 0.084 0.92 2.89

Grits 5.5 0.19 1.04 1.8 0.23 0.41 1.45

Total 60.3 0.19 11.33 20.0 0.22 4.47 15.80

Table 5.9.2. Estimate of the 
1 37

Cs content in grain products consumed pro capite

in 1986

Type Fraction from harvest 1985 Fraction from harvest 1986

Total

kq flour Sq kq
- 1  

Sa kq flour Sq kQ
"I  

Q Sq

Rye flour
100% extraction 21.4 0.090 1.97 7.3 11.2 81.76 83.73

Wheat flour
75% extraction 32.9 0.028 0.92 10.9 0.29 3.16 4.08

Grits 5.5 0.061 0.34 1.8 0.37 0.67 1.01

Total 60.3 0.054 3.23 20.0 4.28 85.59 88.82
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5.9.5. Potatoes

The figures in Table 5.5.1 were used, i.e. 0.039 Bq 90Sr kg-1

and 0.197 Bq 
1 3 7 Cs kg - 1 .

5.9.6. Vegetables

Table 5.6.15 shows the calculation of 
90Sr and 137Cs in Danish

vegetables consumed in 1986. The mean contents were 0.25 Bq

9 0Sr kg-1 and 0.167 SQ 13
7Cs kq-1 .

5.9.7. Fruit

The levels in imported fruit in 1986 are assumed to be equal

to the mean levels found in oranges and bananas collected in

Copenhagen in 1986, i.e. 0.067 Bq 90Sr kg- I and 0.068 Sq 137Cs

kg - 1 . The mean levels in Danish fruit (cf. 5.6) in 1986 were

0.067 Bq 9 0 Sr kg - 1 and 1.82 Bq 1 3 7 Cs kg - 1 . The daily mean con-

sumption of fruit consisted of 100 g of Danish and 40 g of

foreign origin. Hence the mean contents in fruit were 0.067 Bq

9 0Sr kg-1 and 1.32 Bq 137 Cs kg- I .

5.9.8. Meat

The annual mean values of 
90 Sr and 137Cs in meat were calculated

from 5.8.1: 0.010 Sq 9 0 Sr kg - 1 and 1.16 Sq 1 3 7 Cs kq-1 . (In a

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

5.9.9. Fish

The 90 Sr and 13 7Cs contents in fish are estimated from 5.8.2 at

0.014 Bq 90Sr kg-1 and 4.75 Bq 137Cs kg-1 .

5._9.10. Eg
The contents of activity in eggs were estimated from 5.8.3. The

levels were 0.017 8q 90Sr kg-1 and 0.164 Sq 137Cs kg-1 .
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5.9.11. Coffee and tea

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

of coffee. We use the mean contents from 1986 (5.8.4): 0.41 Bq
90Sr kg- 1 and 1.29 Bq 137Cs kg- 1 1).

5.9.12. Drinking water

The 90 Sr level (population-weighted mean) found in drinking

water collected in June 1986 (4.3.3) was used as the mean

level for drinking water, i.e. 0.29.10-3 Bq 90Sr kg- . The
1 3 7Cs content in drinking water was measured to 0.62-10 - 3 Bq

kg- 1 .

5.9.13. Discussion

Tables 5.9.3 and 5.9.4 show the estimates of 9 0 Sr and 13 7Cs in

the Danish diet in 1986. The figures should be compared with

Table 5.9.3. Estimate of the mean content of 
90

Sr in the human

diet in 1986

Type of food Annual Sq 
90

Sr Togl1 Percentage of total
quantity per kg Bq Vusr Bq USr in food
in kg

Milk and cream 164.0 0.077 12.63 23.5

Cheese 9.1 0.54 4.91 9.1

Grain products 60.3 0.197 15.80 29.3

Potatoes 73.0 0.039 2.85 5.3

Veqetables 43.6 0.25 10.95 20.3

Fruit 51.1 0.067 3.42 6.3

Meat 54.7 0.010 0.55 1.0

Eggs 10.9 0.017 0.19 0.4

Fish 10.9 0.014 0.15 0.3

Coffee and tea 5.5 0.41 2.26 4.2

Drinking water 546 0.0003 0.16 0.3

Total 53.87

The mean Ca intake was estimated at 0.62 kg y-
1 

(approx. 0.2-

0.25 kg crete praeparata). Hence the 
9 0

Sr/Ca ratio in total

diet was 87 Bq 
90
Sr (kg Ca)

- 1
12.3 S.U.) in 1986.
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Table 5.9.4. Estimate of the mean content of 137CS in the human

diet in 1986

Type of food Annual Bq 
13 7

CS ToW Perciqage of total
quantity per kg Sq Ca Bq " 6Cs in food
in kg

Milk and cream 164.0 1.062 174.17 36.0

Cheese 9.1 0.768 6.99 1.4

Grain products 80.3 1.106 88,82 18.4

Potatoes 73.0 0.197 14.38 3.0

Vegetables 43.8 0.167 7.31 1.5

Fruit 51.1 1.32 67.45 13.9

Meat 54.7 1.16 63.45 13.1

Eggs 10.9 0.164 1.79 0.4

Fish 10.9 4.75 51.78 10.7

Coffee and tea 5.5 1.29 7.10 1.5

Drinking water 548 0.0006 0.33 0.1

Total 483.57

As the approximate intake of potassium was 1.365 kg y-
1 

the 
137

Cs/K

ratios were 354 Bq 
137

Cs (kg K}
- 1 

or 9.6 M.U. in 1986.

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

The 9 0Sr estimates obtained by the two methods (cf. also fig.

5.7.1) were 87 Bq (kg Ca) - I and 109 Bq (kg Ca) -1 , respectively,

or 0.15 and 0.16 Bg 90Sr (day)-1 , and the 137Cs estimates were

1.32 Bq 137Cs (day)-1 and 1.45 Bq 13 7Cs (day)-1 .

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

levels was 0.59 for 90 Sr and 0.17 for 137Cs.

The relative contribution of 90 Sr from milk products (32%) was

nearly similar to those in 1978-1985. The contribution from

potatoes, other vegetables, and fruit was 32%, and that from

cereals was 29%. The relative contribution of 137Cs in the

total diet changed from 1985 to 1986 as follows: milk products
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(16 to 37%), grain products increased from 8 to 18%, and meat
decreased (16 to 13%). Fruit increased from 1 to 14% and was
thus the diet group which was relatively most influenced by the

Chernobyl debris. Fish contributed 11% to the total 137Cs in-
take in 1986.

5.10. Grass and fodder samples

5.10.1. Grass collected around Rise

Table 5.10.1.1 shows the 9 0Sr content in grass ash from Zealand
in 1986. The mean 90 Sr activity was 27 Bq 9 0Sr (kg ash) -1 , or
460 Bg 90 Sr (kg Ca) - 1 , i.e. the 1986 level was approximately
30% higher than 1985 level. Figure 5.10.1 shows the 90 Sr con-
centration in grass since 1957. The ratio between observed and
predicted (cf. Appendix C.1) 9 0 Sr level in qrass in 1986 was
0.32.

In Table 5.10.1.2 the 90 Sr levels in grass collected weekly at
Riso since Chernobyl are shown. The samples were combined to
monthly samples for June-September before analysis. In the
sample collected on April 28, the 89 Sr/ 90 Sr was determined. In

the air sample from this date the ratio was 19.7 and from this
we estimate that 1/3 of the 9 0Sr in the grass was from Chernobyl.

Table 5.10.1.1. Strontium-90 in grass from Zealand, 1986

Periods Sq 90Sr (kg ash) -I  Bq 90Sr (kg Ca) - I

Jan-March 11.9 370

April-June 20.8 460

July-Sept 45 540

Oct-Dec 29 4R0

Mean 27 460
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A number of grass samples were collected around Rise on April

28 when the Chernobyl debris was detected. Table 5.10.1.3 shows

radionuclide ratios (relative to 1 3 7Cs) in 3 of these samples.

The ratios were in general higher than those seen in the Rise

air filter from 28 April. This may indicate that 1 3 7 Cs was not

retained as efficiently as the other radionuclides by the grass.

In case of radioiodine it may furthermore be because iodine is

not retained by the air filter to the same extent as by the

grass. The variations in ratios between the 3 grass samples in-

dicate that the debris has been of an inhomogeneous composition.

Figure 5.10.2 shows the variation of the 137 Cs in Rise grass

since Chernobyl. In May we see a steep decrease due to growth

dilution but also to some extent influenced by the wash off by

rain showers. From June 1986 to March 1987 the levels were

rather constant around 10 Bq 137Cs kg-1 fresh weight, since May

1987 the levels have decreased to about 0.5-1 Bq 137Cs kq -.

Table 5.10.1.2. Radiostrontium in grass samples collected
at Rise after the Chernobyl accident in 1986

Date Sq 90Sr kg
"t 

Sq 90ar (kg Car
1 89

Sr/
90
sr

fresh v.

April 28 1986 4.2 810 6.5

Nal 5 - 1.59 780

June - 1.24 720

July - 1.27 490

Auq - 1.48 450

Sap - 1.15 350

Table 5.10.1.3. Radionuclide ratios relative to Cs-137 in grass collected around Rise

April 28. 1986

95
zr 

9 5
8b 

103
Ru 1311 

132
Te  1331 

134
c, 140Be 140La 

141
ce 

239
Np

Rise 9 a.m. 1.31 1.32 0.79 21 1.61 5.4 0.56 2.0 1.65 1.40 7.0

Vindinge 3 p.m. 1.88 2.03 1.23 44 2.7 17 0.42 A 2.3 2.6 1.58 14

Rise 11 a.m. 5.4 8.7 2.7 42 2.8 16 0.52 5.8 5.7 5.3 29

-4



- 173 -

10
3

102
UY

CO
0

101
60 65 70 75 80 85 90 95

YEAR

Fig. 5.10.1. Quarterly 90Sr levels in grass, 1957-1586.
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Fig. 5.10.2. Cesium-137 in grass samples collected at Ri8 , Denmark in

the period April 1986-December 1987.
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5.10.2. Radionuclides in grass collected at the state

experimental farms

Grass samples were collected countrywide 5 times after the

Chernobyl accident at the 10 state experimental farms (Tables

5.10.2 - 5.10.6). From May 12 to September 8 the 137Cs levels in

grass decreased by two orders of magnitude at the state experi-

mental farms. This is another picture than seen in the Rise

samples. The explanation is that the Rise grass samples are

from a permanent grass field which is not grazed by cows, which

is the case for the state experimental farm samples. If all
1 37Cs had been deposited on May 12 the field loss seen for
137Cs at the state experimental farms would have corresponded

to a half-life of 18 days. This is, however, an overestimate

because deposition of 13 7Cs on grass also occurred after May

12. In a similar way the effective half-life of 131I was est-

imated to 4.8 days corresponding to a field loss half-life of
12 days ( + -- = .) but that was for the period May 12-

June 11. If the field loss half-life for 13 7 Cs for this period

was calculated it became only 8.6 days. Hence we see an in-

creasing field loss half-life for 1 3 7 Cs with time. This was to

be expected due to the decreasing growth of the grass with time

and thus a reduced growth dilution with time.

If we compare the radionuclide ratios in Table 5.10.6 with

those in Table 5.10.5 after having corrected for decay, we

notice that all ratios except the 1
3 1 1/ 13 7 Cs agrees. In case of

this ratio we found in June twice of that expected from the May

ratio. We see two possible explanations for this. First, the

field loss from grass of iodine may be less than that of 
1 3 7 Cs

and the other radionuclides studied (cf. Table 5.6.17). Second-

ly, some of the iodine deposited on the soil may be volatized

and thus be transferred to the grass (once more).

In samples containing radiostrontium from rhernobyl only, the
8 9 Sr/ 9 0 Sr on 26 April 1986 was determined to 16.8+2.5 (N = 4: +1

S.T.) 2 0 ) . In Table 5.10.4 the mean ratios in countrywide col-

lected grass samples were determined. From this we calculate

that approx. 40% of the 9 0 Sr in grass collected from 29/4-9/5

was from Chernobyl. Around June 11 30% was from Chernobyl and
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Table 5.10.5. Radionuclide ratios (relative to 
1 3 7

Ce) in grass collected May 12, 1986

at the State experimental farms.

9 5
Zr 

9 5
Nb 

1 0 3
RU 106Ru 1311 132, 1

3 4
C8 1

3 6
Cs f40Bs 1

4 0
La 1

4
1Ce 

1 4 4
Ce

Tylstrup 0.24 0.26 1.77 0.80 1.33 0.26 0.52 - 0.75 0.77 0.26 0.33A

Kale - 0.12A 1.85 - 1.33 0.29 0.61 - 0.80A 0.97 0.13B -

Borris - 0.17 2.4 0.91B 1.79 0.50 0.58 - 0.89 1.15 0.12A -

Askov 0.14 0.18 1.47 - 0.90 0.21 0.57 0.12 0.96 1.12 0.21 -

St. Jyndevad 0.28 0.36 3.4 - 1.17 0.30 0.61 0.18A - 1.35 0.43 -

Arslev 0.07A 0.08 2.2 - 0.69 0.31 0.56 0.13 0.86 0.92 0.13 -

Tystofte - 0.05A 1.59 - 0.89 0.15 0.61 0.12 0.55 0.61 - -

Ledreborg 0.108 0.22 2.7 1.13A 1.47 0.23 0.56 - 0.76 0.70 - -

Abed 0.25 0.30 1.92 0.60 7.74 0.29 0.57 0.12 0.74 0.79 0.24 0.25A

Tornbyghrd 0.52 0.58 2.6 1.19 1.91 0.52 0.53 0.12A 0.67 0.63 0.32 0.39A

Mean 0.23 0.23 2.2 0.93 1.32 0.31 0.57 0.13 0.78 0.90 0.23 0.32

S.D. 0.15 0.16 0.59 0.24 0.41 0.12 0.03 0.02 0.12 0.25 0.11 0.07

n 65 68% 27% 261 31% 380 64 1s 168 271 47% 221

N 7 70 10 5 10 10 10 7 9 10 R 3

Table 5.10.6. Radionuclide ratios (relati'e to 
1 3 7

CS) in grass collected around

June 11, 1986 at the State experimental farms.

Date 
95

2r 
9 5

Nb 
1
03Ru 106,u 131, 

1 3 4
Cs 140Ba 

1 4 0
La 

1 4 1
Ce 

1 4 4
Ce

Tyistrup 11/6 0.79 - 0.19B 0.56 - -

Kale 11/6 0.048 0.06 1.104 0.61 0.10A 0.55 - 0.15 0.06A

Borris 10/6 - - 0.91 0.41A 0.19A 0.54 0.29A 0.12

Aekov 10/6 - - 1.31 - - 0.55 -

St. Jyndevad 10/6 0.09A 0.13 1.62 0.83 0.20 0.57 0.14 0.068

Arslev 10/6 0.17 0.25 1.81 0.88 0.20 0.55 0.14 0.14 0.258

Tystofte 13/6 0.64 0.89 1.93 1.23A 0.19A 0.59 0.23 0.42 0.76

Ledreborq 16/6 - - 2.2 - 0.32A 0.60 - - -

Abed 12/6 0.83 1.25 3.1 1.76 0.29A 0.52 - 0.27 0.74A

Mean 11/6 0.35 0.52 1.64 0.q5 n.21 0.56 0.29 0.16 0.19 0.58

S.D. 0.36 0.53 0.73 0.48 0.07 0.02 0.04 0.15 0.29

rel. S.D. 1021 7079 44% 5i 32t 4t 278 878 Sol

N 5 5 9 6 8 9 1 5 5 3
-- -- - -- . . ..-. .-- - - -- -.-- --- -. . . . .- . . . . . . . . . . . . . . . . . . . . . ..-
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at the beginning of September 20% of the 90Sr in Danish grass

was from Chernobyl. This shows the decreasing contribution of

direct contamination and the increasing contribution from root

uptake in the course of the growing season for grass.

In the early days of the Chernobyl accident a number of plants

other than grass was collected and analysed for radiocesium and
131, (Table 5.10.7). Two samples of stinging nettle were col-

lected before and after the rain came on May 7. The rain re-

duced the 131I content by 20% but it increased the radiocesium

level by a factor of nearly 8. Iodine has thus been deposited

to a relatively larger extent by dry deposition than by wet

compared with radiocesium.

Table 5.10.8 shows a number of grass samples partly collected

along with milk samples in order to study the transfer of 131,

from grass to milk (cf. 5.2.4). Three samples of grass were

collected at Grevinge from grass fields 1 year, 2 years and 3

years old, respectively. The retention of radioiodine was ap-

parently higher in the 2-year old grass, but the differences

between the 3 samples were not greater than 30%.

Table 5.10.7. Radionuclides in various plants collected in the first days after the Chernobyl

accident

Bq 131! sq 132I Sq 
1 3 4

Cs S q 
1 3 7

Cs

Sample Location Date

'986 k9
"
1 P

- 2  
Xq

- 1  
m
- 2  

kq
- I  

m-2 kq-
1  

m-2

Dandelion Rise
(Zealand) 4/5 530 - 17.8 4.5 - 1.8 -

Stinging nettle Roskilde
(before rain) (Zealand) 7/5 670 - 16 - 24 -

Stinging nettle Roskilde
(after 20 mm rain) (Zealand) 7/5 530 - 112 - 200 -

Moss Stinesminde
56014'N 90581E 12/5 122 3500 - 19.6 570 48 1390

Moss Dueodde
Bornholm 22/5 55 470 - 23 193 46 400

Moss 20 km north of
MHrkaryd, Sweden 11/5 220 690 - 26 84 71 230

Moss - - 20/5 179 890 - 57 280 200 1000

Lichen - " 20/5 119 450 - $1 300
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Table 5.10.8. Radionuclides in various grass samplo collected in the first days after the
Chernobyl accident

aq 1311 89 1321 aq 
134

Cs Bq 
1 37

Cs 1311
Locetion Dat: per litre198L kg

- 1 
*-2 kg,

-  
.-2 k9

- 1 
*-2 kg

- 1  
,-2 of ilk

Grevinge 1 yr
(Zealand) crop 3/5 75 20 . . . . < 4

-" - 2yr
crop 3/5 85 20 4.9A 1.2A - -

- - 3 yr
crop 3/5 65 15 - -

Smidstrupqhrd
Munkebjerq
(Zealand) 5/5 700 - - - 24 - 30

Gundsemaqle
(Zealand) 6/5 475 175 - - 11.0 4.0 15.3 5.6 88

Sendersted, Tellese
(Zealand) 7/5 750 210 - - 45 12.6 79 22 32

Hvorvarp
Ars, (E-Jutland) 6/5 830 - - - 152 - 270 -

Stinesminde
56014'N 9

0
58'E 11/5 300 169 - - 81 46 140 80 7.9

South aIland
(Sweden) 4/5 1160 400 49A 17A 51 18 96 33

7 km west of Svaneke
(Bornholm) 22/5 21.5 27 4.0 5.0 6.9 8.8

Askov 5 cm
(S-Jutland) stubbles 27/5 19.9 31 35 54 69 107

- O 0cm
stubbles 27/5 36 81 89 200 157 360
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Grass and Milk Collected at the State Exper -
imental Farms Medio June 1986

59ON Bq 13Cs kg-' Grass 59ON
Bq 137 Cs I-' Milk

S80N 58ON

57°N 570N

~2.1

56°N :19.2 56ONv6.8

10& 0N

55ON 2 550N

53oN -53ON

70E 80E 90E IO°E 110E 120E 130E 140E 150E 160E

Fig. 5;10.2.1. A comparison between 137Ce in milk and in grass collected

at the state experimental frams in Denmark in June 1986.
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Grass and Milk Collected at the State
Experimental Farms Medio September 1986

59ON Bq T3 Cs kg-' Grass 59O

-~ Bq 137CS I - Milk

58ON 580N

0.95
078

570N 570N

56ON 41 560N
2.7

55ON V - 5-

70E 80E 90E 100E 110E 120E 130E 14.0E 150E 160E

Fig. 5.10.2.2. Cesiwu-137 in grass and milk collected at the 10 Danish

state experimental farms in September 1986.
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5.11. Sea plants

5.11.1. Sea plants collected in Roskilde Fjord

Figure 5.11.1 shows the Bq 9 0 Sr (kg Ca) - 1 levels in sea plants
since 1959 and Table 5.11.1 the results for 1986. The mean

level in Fucus vesiculosus was 250 Bq 9 0 Sr (kg Ca) - I (7.3 Bq
kg-1 dry weight). We got no samples of Zostera marina in 1986.

The mean ratio between observed and predicted 9 0 Sr levels in

fucus was 0.53 (cf. Apendix C.1).

Fucus contained 22 Bq 137Cs kg- I dry weight.

Tabel 5.11.1. Strontium-90 and Cesium-137 in Focus vesiculosus from Roskilde Fjord in 1986

Location Date I dry aq %Or (kg Ca
-  

Bq 
9 0
Sr kg, e 

1 3 7
CS (kg K)-I q 137CS kg-1 I34Cs

matter dry veight dry we ight l31c:

At Blund 7/4 17.0 240 3.8 190 6.5 -

- - 18/6 20- 350 13.8 2500 78 0.48

- - 2/10 19.5 109 7.3 1500 47 0.44

- - 15/12 10.0 350 6.6 950 36 0.41

IX 6/6 20- 220 5.9 3400 74 0.52

X 6/6 20- 220 1.5 2800 73 0.51

*Measured on fresh eiqht. We have used 20% dry matter as the hent tstiate.

v Fucus vesiculosus

S1500 o Zostera marina
00

1000

"500

0 t

60 65 70 75 80 85 90 95
YEAR

Fig. 5.11.1. Strontium-90 in sea plants from Roskilde fjord,

1959-1986.
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5.11.2. Sea plants collected at Klint (550 58'N, 110 35'E)

The two Fucus species most often found in Denmark, Fucus ves-

iculosus and Fucus serratus, had been collected monthly to

test the difference between the two species and to get data of

the important seasonal variation. All samples have been analysed

for y-emitting radionuclides (Table 5.11.2).

Fucus serratus contained significantly higher 6 0 Co concentra-

tions than Fucus vesiculosus.

There was no significant difference between the 13 7 Cs levels

in the two fucoids.

The Chernobyl fallout increased the radiocesium levels by a

factor of five. From June to December the levels decreased

again by a factor of two. This is compatible with the decrease

seen in surface water in this period. If we look at the 110mAg/
1 3 4 Cs (Fig. 5.11.2) in fucoids, it seems that this ratio in-

creases from June to December rather than decreases. This may

reflect that 1 1 0MAg is accumulated in fucoids without any ap-

preciable excretion, whereas 13 4Cs has a relatively high excre-

tion. In case of 10 6 Ru/ 13 4 Cs (Fig. 5.11.3) this ratio may de-

crease more rapidly than expected from the radiological half-

lives of the two isotopes. The reason for this may be that

10 6 Ru disappears relatively more rapidly than radiocesium from

the water column due to sedimentation. But it may also be ex-

plained by differences in the excretion from fucoids of the two

radionuclides.
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101
9 Fu.se.
o Fu. ve.

W 131.
o Theoretical decoy of 1OmAg/"Cs

-t"

, 0 0
o 0

100 0~~ ~

I 1II I I I I I I I I I I

J FMAMJ J AS 0NDJ FMAM
1986 1987

Fig. 5.11.2. The ratio: 110mAg/13 4Cs in fucoids collected at Klint 1986-1987.

101 I I I I , i i I I " I I

... - --.. e._-oo

Theoretical decoy of 06 Ru/134 Cs
-100

v Fu.se.

o Fu.ve.
I I I I IlI I I II £ Ii i

J FMAMJ J AS O NDJ FMAM
1986 1987

Fig. 5.11.3. The ratio: 106 Ru/13 4Cs in fucoids collected at Klint 1986-1987.
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5.11.3. Sea plants collected in Danish waters

Apart from the Klint collection, 15 other samples were taken in

1986, which consist of 1 sample of Fucus serratus, and 14 of

Fucus vesiculosus. All samples have been analysed for y -emit-

ters (Table 5.11.3).

Two samples were collected in the very early days of the
Chernobyl accident (May 1, 1986). These samples have not at-

tained their maximum 137Cs yet, but they show remarkably high

contents of 95 Zr, 103Ru, 140La, 14 1Ce and 144Ce. These nuclides

have been deposited as dry fallout but their ratio to 137Cs was

much higher in the sea plants than in the air. In fact the ob-

served ratios in fucoids came close to those observed in the

sample collected in our 10 m2 rain collector at Riso on April

29, 1986. Here we found: 9 5Zr/ 137Cs = 15; 103Ru/ 137Cs = 10;
140Ba/1 3 7Cs = 23; 14 1Ce/ 137Cs = 15. This may suggest that de-

position velocity of the radiocesium on the sea surface was

less than that of the other radionuclides. We do not think that

it is differences in metabolism which are reflected so shortly

after the arrival of the fallout.
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5.12. Moss and lichens

The Chernobyl was as expected easily detectable in moss and

lichen samples collected after the accident. It was, however,

interesting that in the samples where both top and bottom (the

old plants) were collected, it was only the top which showed a

significant Chernobyl radiocesium signal; but 10 3Ru had pene-

trated into the old layer of lichen at Asserbo (N-Zealand). The

average depositions from Chernobyl was 940+122 Bq 13 7Cs m -2 at

Asserbo and 1000+130 Bq 137Cs m-2 at Oustrup Heath (W-Jutland)

(+I S.D.; N = 5). These depositions were in agreement with de-

position estimates made from soil measurements (Fig. 4.5.1).

At Asserbo the total 13 7Cs deposit (including old global fall-

out) was 2800+290 Bq m-2 and at Ostrup Heath we found 2300+260

Bq 137Cs m-2 ; Chernobyl thus contributed with 34% and 43%,

respectively, of the total 137Cs at the two locations.

The lichen samples were collected by Ulrik Sochting, Institute

of Spore Plants, University of Copenhagen.
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6. STRONTIUM-90 AND RADIOCESIUM IN MAN IN 1986

6.1. Stronium-90 in human bone (by A. Aarkrog)

The collection of human vertebrae from the institutes of foren-

sic medicine in Copenhagen and Arhus was continued in 1986. As

in the total-diet survey (cf. 5.7), the country was 6ivided

into eight zones. The samples were divided into five age qroups:

new-born (< 1 month), infants (1 month-4 years), children and

teenagers (5-19 years), adults (< 29 years), and adults (> 29

years).

Tables 6.1.1-6.1.5 show the results for the five groups. The
9 0Sr concentrations in human bone collected in 1986 were nearly

unchanged from those observed in 1979-1985.

The observed mean concentration in adults (> 30 years) was 0.54

times that predicted (cf. Appendix C).

Table 6.1.1. Strontium-90 in vertebrae from new-born

children (< I month old) in 1986

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

days death

VI 19 8 M 10.2
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Table 6.1.2. Strontium-90 in bone from infants (< 4 years)

in 1986

Zone Aqe in Month of Sex Ba (kg Ca) -1

months death

I 2 11 N 15 B

I 3 2 M 20 B

1 6 6 M 41

II 2 12 14 91 A

II 2 12 M 15.4

I 2 9 M 150

II 2 10 M 29 A

II 5 12 M 79 B

II 8 7 M 22

ax 8 M 32 A

II 11 K N 34

II 40 9 M 22

II 3 7 F 18 A

II 4 12 F 25

I 18 2 F 13.1

III 6 12 M 32

IV 3 it N 35 A

VI 3 10 M 40

VI 4 11 M 18.1

VI 7 12 M 30 B

VI 3 10 F 47 A

i-
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Table 6.1.3. Strontium-90 in bone from children and

teenagers (< 19 years) in 1986

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

years death

Vr 19 9 M 17.2

Table 6.1.4. Strontium-90 in vertebrae from adults

(< 29 years) in 1986

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

years death

II 23 3 M 28

VI 20 10 F 15.4

VI 21 6 F 22

VI 22 5 M 13.4 A

VI 25 6 M 14.0 A

VI 28 6 M 19.3
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Table 6.1.5. Strontium-90 in vertebrae from adults

(> 29 years) in 1986

Zone Age in Month of Sex Bq (kq Ca)
- 1

years death

I 45 2 M 18.3

I 47 2 M 19.8

1 54 6 14 11.0 A

I 65 3 M 17.4

I 74 7 M 16.3

II 33 6 F 19.3

II 51 3 F 18.3

Ii 60 3 F 30

II 33 6 M 18.9

II 42 6 M 22

II 44 8 M 17.7

r[ 45 8 N 20.6

II 4R 3 M 25

II 50 6 M 13.2

II 52 7 M 25

II 58 8 M 17.9

II 66 8 M 13.4

II 79 3 M 11.2

II 51 2 F 24

Il1 37 7 M 18.8

VI 31 5 F 16.9

VI 37 8 F 12 B

VI 39 10 F 21

VI 46 6 F 46 B

VI 49 9 F 18.4
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Table 6.1.5. continued

Zone Aqe in Month of Sex Bq (kq Ca)-1

years death

VI 50 8 F 19.9

Vi 66 6 F 19.8

VI 70 10 F 2.8

VI 76 10 F 31

VI 31 2 M 15.9

Vi 31 11 M 29

VI 33 8 M 15.6

Vi 36 5 m 27

VI 37 9 1 25

VI 41 11 M 18.2

VI 44 10 M 54 A

Vi 45 6 M 15.4 A

VI 45 6 M 12.6

VI 45 10 1 14.3

VI 45 9 m 34

VI 49 11 m 24

VI 50 9 1 12.8

VI 51 8 M 13.6

VI 52 6 M 16.2

VI 53 6 1 11.0

VI 54 8 m 13.4

VI 57 6 m 31 A

VI 58 6 m 12.5

VI 59 6 1 18.8

VI 59 10 M 18.0 A

I-(
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Table 6.1.5. continued

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

years death

VI 61 6 M 14.2

VI 61 6 M 14.3

VI 61 10 M 24

VI 62 8 M 14.3

VI 62 9 M 38

VI 70 8 M 26 B

VI 71 9 M 13.1 A

VI 72 10 M 14.6 A

VI 77 10 M 20 A

150 1 f I I I I I I I I I II III IIt -FTlllll Tlllr

7 100

0

0 11111II 11 I IplI I Ilil I iIIi II I I III II I

65 70 75 80 85 90 95
YEAR

Fig. 6.1.1. Strontium-90 levels (sample number weigted mean)

in bone from newborn (< I month) 1961-1986.
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Fig. 6.1.2. Strontium-90 levels (sample number weighted Mean)

in bone from infants > 1 month < 4 years) 1961-1986.
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Fig. 6.1.3. Strontium-90 levels (sample number weighted mean)

in bone from children (> 4 years < 19 years) 1961-1986.
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150 1ii 11111111 111 1 11 f T-
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65 70 75 80 85 90 95
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Fig. 6.1.4. Strontium-90 levels (sample number weighted mean)

in bone from adults P> 19 years < 29 years) 1961-1986.

100

S50

65 70 75 80 8S 90 95
YEAR

Fig. 6.1.5. Strontium-90 levels (sample number weighted mean)

in bone from adults 0> 29 year.) 1961-1986.
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Table 6.1.6. Strontium-90 in human vertebrae collected in
Denmark in 1986. (Unit: Bq (kgj Ca)

- 1 )

Age group Number of Min. Max. Median Mean
samples

New-born
(< 1 month) 1 10.2 10.2 10.2 10.2

infants
(< 4 years) 21 13.1 150 30 38

Children
(_ 19 years) 1 17.2 17.2 17.2 17.2

Adults
(< 29 years) 6 13.4 28 17 18.7

Adults
(> 29 years) 59 2.8 54 18.3 20
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Cohort 1963 9
30 8

7 400
6 Cohort 1960 10

200 5 9
4 300 8

100 3 7

2 200 6
1 5

0 .0 4

300 Cohort 1964 8 100 , 3
"7 7 ' 2

2

200 6 0 15 300
0Cohort 1961 70

100  2 200 6

It ,I 1 1.
o 0 I3%

0 Cohort 1965 5 2
1 40 1

30

150 2 Cohort 1962
53 10 22 2 1 6

0 Cohort 196 0 205

150 4 64

13 3 o 31 3

50 I2
0 0 . . . 0

0 5 10 15 20 25 0 5 10 15 20 25
AGE IN YEARS AGE IN YEARS

Fig. 6.1.6. Strontium-90 in human bone from Danish cohorts

1960-1966. Abscissa: age in years. Ordinate: bone level in

Bq 90Sr (kg Ca)-1 .
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6.2. Radiocesium in the human body (by J. Seqaard-Hansen and

B. Lauridsen)

Whole-body measurements were initiated at Rise in July 1963 (cf.

2.3 in Rise Report No. 851). A control qroup from the Health

Physics Department was selected and was measured three times a

year.

However, due to the decreasing 137Cs content in the body the

contribution from interfering radionuclides to the y-spectra

has made the determination of 137Cs unreliable and since 1978

we have not published whole-body measurements.

After the Chernobyl accident the whole-body measurements were
resumed. The control group was essentially the old one but a

few newcomers were added so that the group consisted of about
20 persons, among them were a few children.

x i03

7

6

C.? 3
2

0
1

0
0

55 60 65 70 75 80 85 90 95

YEAR

Fig. 6.2.1. A cotparison between observed (+I S.E.) and calculated21 )

Bq 137CO (kg K)-I levels in persons from the Islands.
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In Figure 6.2.2 the monthly mean values of 
134Cs + 137Cs body

content are shown for men, women and children. The figure fur-

thermore shows the calculated levels based upon the intake of

radiocesium with food. In Figure 6.2.2 we omitted those persons

in the control group who had been on official travels to coun-

tries with relatively high contamination levels. It appears

that the calculated levels are in good agreement with those

observed. The mean concentration in the period September 1986

- December 1986 was 1410 Bq 134Cs + 137Cs (kq K)-1 (relative

S.D.: 35%).

200 1 : men (x)

. women ()

100

* children (o)

01

(1986) D (month)

Fig. 6.2.2. Radiocesium in Danish men, women and children from

Sealand in 1986-1987. The 
13 7Cs content is approx. 0.7 times the

total radiocesium (134Cs + 
13 7Cs). The curves represent the

calculated levels based upon diet measurements (cf. Fig. 6.2.1).
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Table 6.2. Radiocesium (13 4 +1 37 Cs) in humans from Rise

and environment measured in 1986

No. Date Sex Aae Ba Cs (ko K]-1  q K (kq) -1

2 9/9 -86 F 43 951 1.85

13/10-86 F 1661 1.72

14/11-86 F 1351 1.70

9/12-86 F 1859 1.63

3 15/9 -86 F 53 1859 1.75

14/10-86 F 1772 1.95

20/11-86 F 2107 1.80

16/12-86 F 1732 1.51

5 11/9 -86 M 36 2442 1.64

6 8/9 -86 M 54 491 1.50

21/10-86 14 770 1.73

19/11-86 M1 1083 1.65

18/12-86 M1 1480 1.76

7 16/9 -86 F 47 1166 1.35

23/10-86 F 842 1.48

18/11-86 F 1174 1.48

5/12-86 F 115n 1.31
9 9/9 -86 F 58 1568 1.41

23/10-86 P 1722 1.45

11/11-86 F 1773 1.58

16/12-86 F 2139 1.48

11 11/9 -86 F 49 1928 1.28

13/10-86 F 2340 1.34

11/il-86 F 2076 1.34

14 16/9 -86 M 44 866 1.84

14/10-86 M 962 2.01

19/11-86 M1 950 1.82

18/12-86 M1 969 1.82

15 11/9 -86 P 45 883 1.22

23/10-86 P 1028 1.47

12/11-86 F 1353 1.35

11/12-86 F 1296 1.38

_______
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Table 6.2. continued

No. Date Sex Aae Bq Cs (kq K)
- 1  

a K (kg)
-1

16 12/9 -86 M 39 838 1.74

17 5/9 -86 M 27 827 2.36

15/10-86 M 2141 2.07

13/11-86 M 2011 2.18

9/12-86 M 2107 2.42

18 11/9 -86 F 50 1204 3.02

23/10-86 F 1153 1.66

18/11-86 F 966 1.42

17/12-86 F 1144 1.35

19 18/9 -86 F 47 915 1.34

21/10-86 F 1058 1.38

20/11-06 F 1219 1.42

17/12-86 F 1120 1.41

20 9/9 -86 M 43 1069 1.48

15/10-86 M 1385 1.68

13/11-86 K 1445 1.52

16/12-86 M 1719 1.60

22 16/12-86 F 5 1120 2.26

24 22/12-86 F 11 1838 1.61

25 22/12-86 M 10 1686 1.58

26 22/12-86 F 7 2401 1.77

Mean* September 1986 1155 115

Mean October 1986 1430 140
Mean November 1986 1505 120

Mean December 1986 1595 140

*Monthly mean values (adults only) 
1 34

+
1 3 7

Cs Bq kq
-1  

1 S.E.

An approximate estimate ef the 
13 7

Cs content may be obtained

by multiplyinq the 5q Cs (kq K)
- 1

with 0.7.
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6.3. Radionuclides in human milk (by A. Aarkrog)

A few samples of mothers milk were obtained after the Chernobyl

accident. Table 6.3 shows the results obtained.

Table 6.3. Radionuclides in human milk collected in Zealand
in 1986. Unit: Bq 1-1

Date Location 9OSr 1311 137Cs 134Cs/ 137C,

May 11 Copenhagen - 1.86 - -

July N-Zealand 0.0027 A - 0.21 0.59

Nov Roskilde - 0.64 0.52

Compared with cows milk from Zealand collected in July, the

human milk concentrations were 1/5 for 137Cs and 1/15 for 90Sr.

The levels in human milk agreed with those expected from diet

measurements from Zealand in June, September and December 1986

(cf. Tables 5.7.1-5.7.6). We have earlier found 21 ) that for a

daily production of 1 1 human milk, 20-33% of the daily 137Cs

intake and 2-3% of the daily 9 0Sr intake are excreted in the

milk.

7. TRITIUM IN THE ENVIRONMENT

by Heinz Hansen

7.1. Introduction

Tritium is produced naturally in the atmosphere by the interac-

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

or argon. Surface waters contain about 0.4 kBq m- 3 from this

source 25 ). Tritium is also produced and injected into the stra-

tosphere as the result of thermonuclear explosions. At present,

this latter source has enhanced the natural inventory by about



-207-

a factor of ten 2 5). Finally, tritium is produced as a by-product

of the peaceful uses of atomic energy: it is released both dur-

ing reactor operation and fuel reprocessing.

7.2. Assay of tritium in low-level amounts

The present assays of tritium levels in water are based on a re-

lative enrichment of 3H20 by electrolysis and subsequent liquid

scintillation counting as previously described (Rise Reports

Nos. 386 etc. 1)

We have found that the tritium background in the air in our

laboratory makes it impossible to produce reliable results if

the concentrations are below 2 kBq m-3 . (Personal Communication

G. Ostlund, 1984). Hence we have discarded such results. We

have furthermore applied a backqround correction by subtraction
of 1.2 kBq 3H m- 3 from our measured values (cf. Appendix E in

Rise-R-5271)).

7.3. Summary of results

The tritium results are showed in detail in the chapters where

the samples belong.

Tables 4.2.8 and 4.2.9 give the results for precipitation. The

annual mean concentrations in rain in 1986 were: 3.2 kBq m-3

at Rise, 0.7 at Tylstrup, 1.0 at Jyndevad and 1.2 at Bornholm.

The concentrations at Rise were approximately 50% of those ob-

served in 1985, while the tritium levels at the 3 experimental

farms were approximately 1.3 times those seen in 1985. The en-

hanced tritium levels at Rise were due to discharges of the

DR-3 reactor at the site. The median concentration of tritium

in Danish qround water (cf. Table 4.3.1) was 0.6 kBq 3R n-3 or

approximately 50% of the 1985 level.
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The tritium concentrations in Danish streams and lakes were

1.7 and 1.2 kBq 3H m- 3, respectively (Table 4.3.2), i.e. nearly

the same as in 1985. Danish drinking water contained 0.3 kBq
3H m-3 in 1986 (Table 4.3.3).

The tritium concentration in Danish straits was as earlier ob-

served inversely proportional to the salinity.

The Chernobyl accident did not contribute significantly to the

environmental levels of tritium in Denmark in 1986.

8. MEASUREMENTS OF BACKGROUND RADIATION IN 1986

by L. Better-Jensen and S.P. Nielsen

8.1. Instrumentation

Measurements of the background radiation were made with thermo-

luminescence dosimeters (TLD's), and a NaI(Tl) detector.

8.2. State experimental farms

The State experimental farms are situated as shown in Fig. 4.2.

The results of the TLD measurements are shown in Table 8.2.1.

The results of the NaI(Tl) detector measurements are shown in

Table 8.2.2. The impact of the Chernobyl fallout is evident

from the latter table, especially from the measurements made in
May. With the exception of the Askov location the TLD results

do not show significant changes compared to last year. This is
due to the relatively low contamination levels, except for

Askov, the annual averaging and the sensitivity of the TL de-

tectors to the cosmic component. The NaI(Tl) detector has a

very limited sensitivity to the secondary cosmic radiation.
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Table 8.2.1. TLD-measurements of the background

radiation (integrated over 12 months and normalized

to R h
- 1

) at the State experimental farms in
1985/66

Location Oct 1985 - Sgpt 1986
UR h-

Tyletrup 7.3

Sorr is 7.1

edum 8.3

Askov 8.7

St. Jyndevad 6.4

Blangstedgird

Tystofte 8.5

Abed 8.4

Mean 7.8

Table 8.2.2. Terrestrial exposure rates at the State
experimental farms measured with the NaI(Tl) detector

in 1986 (uR h
- 1

)

Location May July September November Mean

Tylatrup 4.0 3.8 3.3 3.1 3.6

Sorris 5.8 4.0 3.3 3.4 4.1

gale 4.9 4.7 3.0 3.8 4.1

Askov 12.1 6.6 5.0 6.3 7.5

St. Jyndevad 4.4 3.5 2.8 2.4 3.3

Arslev 9.3 9.3 5.3 5.5 7.4

Ledreborq 5.8 5.7 5.2 4.9 5.4

Tystofte 7.4 7.3 5.2 5.4 6.3

Abed 7.1 7.1 4.8 5.6 6.2

Tornbygird 7.0 (6.7) 5.8 (5.4) 6.2

Kean 6.8 5.9 4.4 4.6 5.4

Figures in brackets were calculated from VAR3
12

).

K4
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The y-background measured with the NaI(Tl) detector in four

groups of sampling stations is shown in Fig. 8.2.1 from 1962 to

1986. The influence from the Chernobyl fallout is shown to af-

fect the groups differently, according to their geographical

location.

20

15 i

0
65 70 75 80 85 90 95

YEAR

Fig. 8.2.1. Terrestrial exposure rates at the State experimental

farms in 1962-1976 and 1978-1986 measured with the NaICTi) de-

tector (Ip h1)

................Akirkeby/Tornby ghrd

Abed, Blangstedghrd/Arolev, Tystofte

-virwmg~rdfLedreborg, Odum/Kal0, TYistrup

Jyndevad, Askov, Studs gird/bornes

8.3. Rise environment

The five zones around Rise are located as shown in Fig. 8.3.1.
The results of the TWD measurements are shown in Table 8.3.1,

and the results of the NaI(Tl) detector measurements are shown

in Table 8.3.2.
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Table 8.3.1. TLD-measurements of the background

radiation (7-month integration period and normalited

to la h-
1
) in five zones (I-V) around Rise in 1985/86

Rise zone Location Oct 198S/Seat 1906
uRh

-

I 8.8

2 8.9

3 17.4

4 8.7

5 10.6

mean 10.9

II I 7.8

2 8.4

3 7.5

4 8.4

mean 8.0

lZI 1 8.2

2 8.6

3 8.0

Mean 8.3

IV 1 7.6

2 8.S

3 8.4

4 8.1

5 7.0

6 8.0

7 9.3

Mean 8.1

V 1 8.1

2 9.8

3 9.7

4 7.6

.5 8.3

6 8.3

7 8.8

8 g.2

9 9.0

10 7.9

"ean 8.6
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Tible 8.3.2. Terrestrial exposure rates at the Rise zones
in 1986 easured4 with the Na(TI) 4setector (A h-

1
)

Rise sone Location February April ugust November

1 1 5.7 5.0 6.2 5.5

2 5.9 6.2 8.1 7.1

3 66.1 54.4 56.7 62.2

4 5.6 5.7 6.8 5.8

*5 10.1 9.2 11.6 10.7

Mean 18.7 16.1 17.9 18.3

II I 5.0 4.6 5.9 5.1

2 5.4 5.0 6.1 5.3

3 4.9 5.1 4.1 4.6

4 4.7 4.5 5.3 4.6

Mean 5.0 4.8 5.8 4.9

III I 5.2 5.4

2 4.7 5.1

3 4.3 4.4

Mean 4.7 5.0

IV I 4.0 4.4
2 4.5 4.5

3 5.1 4.9

4 4.3 4.3

S 2.6; 2.4

6 4.0 4.3

7 5.0 4.6,

mean 4.2 4.3

V 1 4.8 4.6

2 5.1 5.4

3 4.5 5.1

4 4.4 5.1

5 4.0 5.6

- 6 4.8 4.4

7 4.8 5.0

8 4.9 4.
€,

9 4.8 4.R

10 3.5 3.9

Mean 4.6 4.8

EL_
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do
031

ta~a~aIL~a.km

Fig. 8.3.1. The environment of Ris. Locations for measurements

of the background radiation.

8.4. Gylling Nas environment

The Gylling Nos environment (a potential nuclear power plant

site) is routinely monitored with TLD's, and the results from

the site are given in Table 8.4.1. The locations are shown in

Fig. 8.4.1.

Table 8.4.1. TL-meaurmsents of the background

radiation (Integrated over 12 months end normalized

to uA h-
1
) around the Gyllingnaa site in 1969/86

tocation Oct 195 -SIPt 1986

1 8.2

2 8.4

3 8..

Mea. 8.6
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I00E 20'E

560N 560N

45'N 45 'N

100E 20'E

Fig. S. 4. 1. The envirorment of Gylling UNxs. Locations for

measurements of the background radiation.

8.5. Great Belt and Langeland Belt areas

Locations on both shores of the Great Belt and the Lanqeland

Belt (an international shipping route) are likewise routinely

monitored with TLD's; the results and locations are shown in

Table 8.5.1 and Piq. 8.5.1, respectively.
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40'E 110E 20'E
45'N 45N

30'N 30' N

15 'N 15'N

550 N 550 N

45'N 4 5' N

40'E 110E 20'E

Fig. 8.5.1. The coasts of the Great Belt. Locations for measurements

of the background radiation.
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Table 8.5.1. TLD-measurements of the back-

ground radiation (integrated over 12 months

and normalized to MR h
- 1

) along the coasts

of the Great Belt and Langeland Belt in

1985/86

Location Oct 1985 - Spt 1984
uR h-"

Reanas 7.8

Reerse 9.1

Svendstrup 7.6

Veeternas 9.5

Frederikodal 8.7

Relds Nor 12.3

Tranekar 9.8

Nov 8.7

Pyns Hoved 8.2

Knuds Roved

Mean 4.1

8.6. The Baltic island, Bornholm

Locations on the island of Bornholm have been monitored with

TLD's in the period April 1985-May 1986. The results and loca-

tions are shown in Table R.6.1 and Fie. 8.6.1, respectively.

Table 8.6.1. TLD-neasurements of the

background radiation (integrated over

11 months and normalized to uR h
- I

)

on the island Bornholm in 1985/86

Location April 1985 - May 1986
u h

1 9.8

2 9.8

3 9.2

4 16.0

Mean 11.2
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55 020'N

4

3

255000'N

10 0 10 20 km

140 30'E 15000'E 15030'E

Fig. 8.6.1. Locations for measurements on Bornholm.

8.7. Estimating the external dose from Chernobyl fallout in

Denmark

The environmental gamma-ray exposure rate has been measured at

the 10 State experimental farms in May 1986, July 1986, Sep-

tember 1986, November 1986, April 1987 and September 1987. The

natural levels were subtracted from these measurements. The

natural levels were the means of the measurements in August

1985 and December 1985, i.e. prior to the Chernobyl accident.

The net exposure rates in May 1986 were related to the accumu-

lated 13 7Cs from Chernobyl at the various locations (by Sep-

temher 1986). The followinq relationship was found:

uR h-1 = 0.0025 Bq 1 3 7Cs m - 2 - 0.44 (Eq. 1)

The net exposure rate due to Chernobyl debris at the State ex-

perimental farms decayed after a power function. This function
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was determined from the data obtained from Askov, St. Jyndevad,

Arslev and Ledreborg.

The data were normalized to those observed in May 1986:

relative exp. rate: 0.1274 X- 0 - 7 3 2 8  (Eq. 2)

where X is the time in years.

We may now assume that all locations in Denmark follow this

time dependence when normalized to the exposure rates in May

1986. The mean deposition of 1 3 7 Cs from Chernobyl was determined

to 1290 Bq 1 37Cs m- 2 by September 1986. If this level is in-

serted in Eq. 1 we get the countrywide mean exposure rate in

May 1986 of 2.785 hR h- 1 corresponding to 24.4 mR yr - I . Eq. 2

has a value of 1.348 in the middle of May 1986 (X = 0.04 yr)

and this value corresponds to 24.4 mR yr -1 in absolute terms.

Hence Eq. 2 becomes:

mR Yr- I = 24.4x0.1274 X-0. 7 3 2 8  (Eq. 3)

1.348

or

mR yr-
1 = 2.3 X-0.

7 3

In order to calculate the total air exposure from y-emitters

deposited in Denmark after Chernobyl we may intearate Eq. 3:

43 .3 ]43
f 2.3 X

-0 "7 3 dx = II X0 . 2 7

0.02 0.27 0.02

= 8.52 (2.76-0.35] - 20.5 mR

The integration period chosen is from the data when the Cherno-

byl fallout arrived with the rain over Denmark (7-8 May 1986)

to the radiological mean-life of 1 3 7 Cs (43 years).
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UNSCEAR (1982) assumes that the air dose may be transferred to
an organ dose by multiplication with 0.3. This factor includes

a factor of 0.7 taking account for the change of material (air

to tissue) and for back-scatter and shielding by other tissues

of the body. Furthermore, the factor of 0.3 includes the shield-
ing from buildings assumed to be 20%.

The factor finally takes account for the time spent indoors

(80%). However, if the air dose is measured in rural districts

as it is in Denmark, the factor of 0.3 is an overestimate of
the dose encountered in urban areas where the deposition is
significantly lower and the removal of the activity is higher

than in rural districts. Furthermore, the shielding effects of
buildings are higher in urban areas and the time spent indoors

is longer than in the country site. Thus we will assume that
urban organ doses are only 0.1 times those received in rural

sites. In Denmark about 20% of the population lives in urban

sites and the rest in rural districts. Hence the external dose

commitment from Chernobyl becomes:

0.80 [0.205x0.3] + 0.20 [0.205×0.3x0.1] = 0.050 mSv

The first-year dose can be estimated by integrating Eq. 3 from
0.02 to 1 year, which qives a value of 5.6 mR. Thus the external

first-year dose from Chernobyl can be estimated at:

0.80 (0.056x0.31 + 0.20 [0.056x0.3x0.1J = 0.014 mSv
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9. CONCLUSION

9.1. Environmental monitoring at Rise, BarsebAck and Ringhals

No radioactive contamination of the environment originating from

the operation of the National Laboratory was ascertained outside

Rise in 1986 except minor amounts of tritium in the fjord water

collected close to Rise. For a person eating 100 ka fish per

year caught just outside Rise, and containing 0.2 kBq 3H from

Rise, the annual dose becomes 3.3 x 10-9 Sv or 1.5 x 10-6 times

the dose from the natural background radiation.

Benthic brown algae, mussels and fish collected at the Swedish

nuclear plants at Barsebick and Ringhals were analysed for

radioactive pollution. Transfer factors from releases of various

radionuclides to Fucus were calculated. The radioactive contami-

nation of the marine environment due to the operation of the

Swedish nuclear power plants resulted into doses of less than

1% of the background radiation to any individual eating 20 kg

mussel and 100 kg fish per year.

9.2. Fallout in the abiotic environment

The mean content of 9 0Sr in air collected in 1986 was 26 UBq

m- 3 (0.7 fCi 9 0Sr m-3), i.e. 87 times of the 1985 level. The

mean concentration of 137Cs in air was 1340 pBq m-3 in 1986,
i.e. nearly 2000 times more than in 1985. The average fallout

at the State experimental farms in 1986 was 38 Bq 90 Sr m- 2

(1.03 mCi 90 Sr km- 2) or 48 times the 1985 figure, and the mean

concentration of 90 Sr in rain water was 63 Bq 90Sr m- 3 (1.70

pCi 9 0Sr 1-1). The deposition of 137Cs was 1070 Bq m- 2 (meas-

ured in precipitation) and 1360 Bq 137Cs m-  measured in soil

samples.

By the end of 1986 the accumulated fallout was approximately
1570 Bq 9 0 Sr m- 2 (42 mCi 9 0 Sr km- 2 ). The corresponding 13 7 Cs
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was estimated at 3760 Bq m -2 . Hence the Chernobyl accident in-

creased the accumulated 137Cs fallout in Denmark by 50%.

The median level of 
9 0Sr in Danish qround water was 0.12 Bq m

-3

(3.3 fCi 90Sr 1-1).

Inner Danish surface waters (salinity - 16 o/oo) contained 22

q 90Sr m -3 (0.59 pCi 90Sr 1- 1) and 97 Ba 137Cs m 3 (2.6 pCi
137Cs 1-1). Compared with 1985 the 90Sr level was nearly un-

changed in 1986, but the 137Cs concentration increased by a

factor of 4.6.

9.3. Fallout nuclides in the human diet

The mean level of 9 0Sr in Danish milk was 64 Bq (kg Ca)-1 (1.7

S.U.), and the mean content of 137Cs was approximately 1060 Bq

m -3 (28.6 pCi 137Cs 1-1).

The 1986 9 0Sr level was 1.07 times the level found in milk pro-

duced in 1985, but the 137Cs was 14 times higher. The 9 0Sr mean

content in grain from the 1986 harvest was 0.47 Bq kq-1 (13 pCi
90 Sr kg- 1 ). The 137Cs mean content in qrain was 3.3 Bq kq-1 (90

pCi 137Cs kq-1). The 90Sr level in qrain from the 1986 harvest

was 1.15 times the level found in the 1985 harvest, and 1 37Cs

was 41 times the 1985 level.

The mean contents of 9 0Sr and 137Cs in Danish vegetables col-

lected in 1986 were 0.25 Bq 9 0Sr kg- 1 (6.8 pCi kg- I ) and 0.17 Bq
1 3 7 Cs kg - 1 (4.5 pCi kg- 1 ), respectively, and in fruit 0.067 Bq
9 0 Sr kg - 1 (1.8 pCi kg - 1 ) and 0.068 Bq 1 3 7 Cs kg - 1 (1.8 pCi kg- 1)

potatoes contained 0.039 Bq 9 0Sr kg-1 (1.0 pCi kg-1 ) and 0.20

Eq 13 7Cs kg-1 (5.3 pCi kg- 1).

The mean levels of 90Sr and 137Cs in Danish total diet in 1986

were 98 Bq 90 Sr (kg Ca)-1 (2.6 S.U.) and 370 Eq 137 Cs (kg K)-1

(10 M.U.), respectively. The levels of 9 0Sr and 137Cs in the

Danish total diet in 1986 were respectively 0.94 and 7 times

those observed in 1985.
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Grain products contributed 29% and milk products 33% to the

total 90 Sr intakei 18% of the 137Cs in the diet originated from

grain products, 13% from meat, and 37% from milk products. Fish

contributed with 11% to the 137Cs diet intake.

The predicted levels of 137Cs in Danish food products based on

global fallout models were in general much higher than those

actually observed in 1986. This was because nearly all the Cher-

nobyl fallout arrived in May, when the crops were just beginning

to appear. Hence only little of the Chernobyl debris was re-

tained by the vegetation. A prerequisite for using the models

based on global fallout data is that the fallout has an annual

distribution similar to that of global fallout and this was not

the case for the Chernobyl fallout.

9.4. Strontium-90 and Cesium-137 in humans

The 9 0Sr mean content in human bone (vertebra) collected in

1986 was about 20 Bq (kg Ca) - 1 (0.5 S.U.).

Whole-body measurements of 1 37Cs were resumed after the Cher-

nobyl accident. The measured mean level in 1986 was 950 Bq 137Cs

(kg K)-1 (16.1 pCi 13 7Cs (g K)-,).

9.5. Tritium in environmental samples

The tritium mean concentration in ground, stream, lake and

drinking water was approximately 1 kBq m- 3 in 1986. The mean

content of precipitation was also 1.0 kBq m- 3 .

9.6. Background radiation

The average total background exposure rate measured with TLD's

at the State experimental farms was 7.8 IR h- 1 . This is only

slightly hiqher than last year (7.5 IiR h - 1 ) and illustrates the

low level of contamination in Denmark from the Chernobyl ac-
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cident. The annual mean of the terrestrial exposure rates at
the State experimental farms measured with the NaI(Tj) detec-

tor was 5.4 VR h-1, which is significantly higher than last
year (4.2 PR h-1 ). It must be noted that these measurements
were all made after the Chernobyl accident and they are not

representative for the true annual means as the TLD results
are.
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APPENDICES

Appendix A

Foreign Chernobyl samples

After the Chernobyl accident we received a few samples from

other countries collected by Danish visitors. The results of

the analysis are shown in Tables A.1-A.3.

The lorry dust from Brest (Table A.1) was the only sample young

enough to contain very short-lived radionuclides, such as the

iodine isotopes and 2 39Np. The concentrations of the various

radionuclides in the dust are not very informative; but the

activity ratios between the different nuclides are useful and

therefore reported. They may be compared with those found in

Denmark, in Bukarest (Table A.2) and in Kiev (Table A.3). It

appears that the isotopic ratios are very similar for the 4

locations. But the relative ratios to 137Cs vary with the dis-

tance from Chernobyl as discussed in Reference 20.

In the soil sample from Bukarest in Romania (Table A.2) it ap-

pears that 95% of 137Cs comes from Chernobyl. The sample was

collected to a depth of 5 cm. In case of 239,240 Pu 10% were

from Chernobyl. As we have no 89Sr determination on this sample

we do not know how much of the 90Sr was from Chernobyl; but if

we assumed 137Cs/ 90Sr in global fallout equal to 1.6, we can
estimate the 9 0Sr global fallout: =. 310 B 2 .A

90 Sr moves faster in the soil than 13 7Cs the 137Cs/9 0Sr in

global fallout may probably be higher than 1.6. Hence 310 Bq m
- 2

is an upper estimate of the global fallout derived 90Sr. A lower

limit for 90 Sr coming from Chernobyl in Bukarest should then be

1040-310 = 730 Sq m- 2 , and 9 0Sr/ 137Cs in Ch;ernobyl debris in

Bukarest should have been at least 0.08. This is higher than

seen in Denmark, but lower than found in the USSR. The ratio

between Chernobyl derived 239 ,240Pu and 137Cs became 2x,0 - 4 in

the Bukarest soil, which is lower than seen in the Kiev soil

Li - I
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(35x10- 4 ) and in the Brest lorry dust (7.5x10- 4 ) but higher than

seen in Baltic Sea air dust (0.45x0 -4 ) (cf. Table 4.1.4.3).

The qrass turf from Kiev (Table A.3) showed inhomogeneities

with respect to transuranic elements. The sample contains in

qeneral higher relative amounts of refractory elements such as
95Zr, radiocerium and transuranics than the other Chernobyl

samples in this report. This is explained by the proximity of

Kiev to the accident site (- 100 km).

Appendix A.1. Dust from Danish lorry

passing Brest, Ukraine 26-27 April 1986.

All data are decay corrected to
April 26, 1986

95Sr/ 137Ca 0.28

95 zr/ 137Cs 1.7
103

Ru/
137

CS 3.3

14
0Ba/

1 37
Cs 3.9

141
Ce/

137
Cs 1.6

239 ,240pu/ 137Cs 0.75 10-3

89sr/9 0 sr 17

1
03
Ru/

106
RU 4.3

134Cs/13 7CS 0.53
14 1Ce/ 144Ce 1.35
2 38pu/ 239 '240 pu 0.40

242CM/243,244CM 91

241A//239,240pu 0.061
2 42Cm/239 ,240 pu 8.0

1311/137Cs is

132Te/ 137Cs 12

239Np/ 137Cs 19
2 37U/137Ce 1.1

1
36
C/

137
Cs 0.26



-~ -227-

Table A.2. Soil sample collected in Bukarest,

June 10, 1986. All data are decay corrected
to April 26, 1986

Bq m-2 Bq kg-1  N

9 0Sr 1040±210 17 ±3.4 3

95Zr 1160 - 19

13,28000 460
106 Ru 7000 114

14S5300 86

137CS 1020' 168

1Ba41000 680

11,3100 52

14e2400 40
23 8p, 1 0.0160.001 2
23 9' 24 0 pu 20+ 0.33 *0.01 2

241Am 6 0.10 10.01 2

22M21 0.34

*If 13 4 Cs/1 37 Cs in Chernobyl debris is 0.5420) the

deposition of 137Cs from Chernobyl becomes

9700 Bq m-2 .

+If the 24 2C,/23 9' 24 0 pti in Chernobyl debris is
10.620) the deposition of 2 39 '2 40 pu from Chernobyl

becomes 1.96 Sq m-2 .

The error term is 1 S.D.
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4 Table A.3. Grass turf collected in Kiev September 1986.

All data are decay corrected to April 26, 1986

1st determination 2nd determination

8 9Sr 505 k~q m-2

90 Sr 36 - "-

95 zr 1880 - *-

103R,1370 - *-

106RU290 - "-

110M~g1.5- " -

125Sb6.9- " -

134CS 49 - *-
13 7C8 100 - 0-

140Ba2400 - 0-
141C, 1820 - 0-

144Ce1260 - I-

2 38 pu 84 Bq m-2  190 Sq m-2

2920u190 - "- 510 - 0-

21 14900 - *- 32000 - *-

21M25 - "- 52 - 0-

22M2600 - 0- 4600 -" -

2324,24 - *- 31 - " -
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APPENDIX C

For the calculation of the 13 7Cs levels before 198o we have as-

sumed the 1 3 7 Cs/ 9 0 Sr ratio equal to 1.6 because that was the

ratio used in reference 21.

Appnedis C.1. Comparison between observed and predicted 9
0
Sr levels in environmental samples

collected in 1986

Sample Location Unit Observed Predicted Obs./pred. Model in
reference (21)

Dried milk Jutland Sq 
90
Sr (kg Ca) 

1  
75 166 0.45 C.3.2.1 No. 1

Islands - - 47 81 0.58 - - No. 3

Rye Jutland Sq 
90
Sr kg

- 1  
0.51 0.55 0.93 C.2.2.1 No. 1

Islands - - 0.31 0.25 1.24 - " No. 3

Barley Jutland - - 0.51 0.73 0.70 - - No. 4

Islands - - 0.29 0.31 0.94 - - No. 6

Wheat Jutland - - 0.45 0.59 0.76 No. 0

* Islands - - 0.29 0.28 1.04 - - No. 10

Oats Jutland - - 0.47 1.41 0.62 - - No. 12

Islands - - 0.43 0.69 0.62 - N (o. 13

Potatoes Jutland - - 0.040 0.101 0.40 C.2.5.1 No. 8

Islands - - 0.039 0.093 0.42 - - NO. 10

Cabbage Jutland - - 0.20 1.32 0.63 - - No. I

Islands - - 0.24 0.28 0.86 - - No. 3

Carrot Jutland - - 0.23 0.52 0.44 - " No. 5

Islands - - 0.27 0.17 1.59 - * No. 6

Apples Denmark - - 0.0068 0.054 0.16 - - No. 13

Pork - - 0.025 0.031 0.81 C.3.4.1 No. 3

Beef - - 0.003 0.051 0.06 - - No. 1

Eggs - - 0.017 0.037 0.46 C.3.6.1 NO. 6

Total diet C Sq 
9 0

Sr (kg Ca)-
1  

109 168 0.65 C.4.2.1 No. 1

P 87 148 0.59 - N. 7

Human bone > 29 yr - . 20 37 0.54 C.4.3.1 No. 13

Whole year grass Islands - - 460 1430 0.32 C.2.4.1 No. I

Fucus vesiculosus - - 250 470 0.53 C.2.7.1 No. 3

Ground water* Denmark Sq 
9 0

Sr m-3 0.30 0.28 1.07 C.1.4.1 No. 1

Stream water - - 9.7 12.6 0.77 - - No. 3

Lake water - - 27.5 9.6 2.86 - - No. 6

--Mean of all ground water samples except Peldbak (cf. 4.3.1).
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Appendix C.2. Comparison between observed and predicted 
137

Cs levels in environmental samples

collected in 1986

Sample Location Unit Observed Predicted Obs./pred. Model in
reference (21)

Dried milk Jutland Bq 
137

Cs (kg K)
- 1  

1010 4700 0.21 C.3.2.2 No. 1

Islands - - 790 2400 0.33 - . - No. 3

Rye Jutland Sq 
137

Cs kq
- 1  

10.4 58 0.18 C.2.2.4 No. I

Islands - - 12.2 59 0.21 - - No. 3

Barley Jutland - " 0.80 50 0.02 - - No. 4

Islands - - 0.99 40 0.02 - - No. 5

Wheat Jutland - " 0.57 50 0.01 - - NO. 6

Islands - - 0.71 34 0.02 - - No. 7

Oats Jutland - - 0.76 41 0.02 - - No. 8

I-lands - " 0.71 37 0.02 - - NO. 9

Potatoes Jutland - - 0.35 4.5 0.08 C.2.5.3 No. 5

Islands - - 0.042 3.6 0.01 - " No. 7

Cabbage Denmark - - 0.21 1.01 0.21 - - No. 1

Carrot - - 0.103 1.85 0.06 - - No. 3

Apple* - - 1.70 2.4 0.71 C.2.5.3 No. 11

Pork 0 - 0.64 20 0.03 C.3.4.2 No. 3

Beef - - 2.1 30 0.07 - - No. 1

eggs - - 0.164 0.016 10.3 C.3.6.2 No. 6

Total diet C Sq 
137

CS (kg K)
-1  

390 1890 0.21 C.4.2.2 No. I

P 354 2090 0.17 No. 6

Appendix C.3. Deposition in 1986 in Bq m-2

Jutland Islands Denmark

4
0
Sr Jan-Dec 40 37 38.5

13 7
Cs*Jan-Dec 1340 1080 1210

90
Sr July-Aug 2.05 1.76 1.91

9
0
Sr May-Aug 28.8 26.05 27.41

13 7
Cs July-Aug (94) (63) (78)

13
7Cs May-Aug 790 754 772

*Mean of precipitation and soil measurements.

.1
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APPENDIX D

di:

Annual fallout rate in mCi 90 Sr km- 2 y-1 or in Bq 90Sr m- 2 y-1 .

Accumulated fallout by the end of the year (i) assuming effec-

tive half-lives of 9 0Sr of 28.8 y. Unit: mCi 9 0Sr km- 2 or Bq
9 0Sr m-2 .

di(MayAug) and di(JulyAuq)l

The fallout rates in the periods: May-Aug and July-Aug, respect-

ively. Unit: mCi 9 0Sr km-2 period-1 or BQ 90Sr m- 2 period-1 .

The fallout rate (di) was based on precipitation data collected

for all Denmark in the period 1962-1984 (cf. Table 4.2.11)).

Before 1962 the levels in the tables were estimated from the

HASL data for New York (HASL Appendix 291, 1975)29) considering

that the mean ratio between 9 0Sr fallout in Denmark and New York

was 0.7 in the period 1962-1974.

The di(MayAug) and di(JulyAug) values were also obtained from

4.21) for the period 1962-1984. For the years 1959-1961 the

values were calculated from data obtained from 9 0Sr analysis

of air (1959) and precipitation samples (1962 and 1961) col-

lected at Riso. Before 1959, the values were estimated from the

corresponding di values assuming that the ratios di(MayAug)/di

and di(JulyAug)/di were constant in time and equal to the means

found for the period 1962-1974, which were 0.54 (1 S.D.: 0.09)

and 0.24 (1 S.D.: 0.06), respectively.

Table D.1 shows the mCi 9 0Sr km- 2 fiqures and Table D.2 qives

the Bq m -2 values.
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Appendix D.1. Fallout rates and accumulated fallout (mCi 
9 0

5r km
- 2

) in Denmark 1950-1986

Denmark Jutland Islands

Year di Ai( 2 8 .8 2 )  di i(28.82) di Ai(20.8 2)

1950 0.021 0.020 0.022 0.021 0.020 0.020

1951 0.101 0.118 0.114 0.132 0.088 0.105

1952 0.198 0.309 0.224 0.347 0.172 0.270

1953 0.500 0.789 0.566 0.891 0.434 0.687

1954 1.901 2.623 2.152 2.967 1.650 2.279

1955 2.501 4.997 2.831 5.655 2.171 4.340

1956 3.101 7.898 3.510 8.939 2.692 6.858

1957 3.101 10.728 3.510 12.142 2.692 9.313

1958 4.302 14.658 4.869 16.591 3.734 12.725

1959 6.102 20.247 6.908 22.918 5.297 17.576

1960 1.140 20.859 1.291 23.610 0.990 18.107

1961 1.401 21.787 1.676 24.661 1.285 18.913

1962 7.428 28.493 7.976 31.830 6.080 25.155

1963 16.695 44.071 18.453 49.041 14.937 39.101

1964 10.412 53.136 11.685 59.225 9.139 47.048

1965 3.954 55.679 4.204 61.861 3.704 49.497

1966 2.145 56.395 2.166 62.445 2.124 50.345

1967 1.047 56.023 1.176 62.048 0.918 49.997

1968 1.403 56.006 1.568 62.045 1.237 49.968

1969 1.035 55.632 1.241 61.721 0.829 49.542

1970 1.647 55.863 1.993 62.140 1.301 49.586

1971 1.506 55.951 1.726 62.288 1.286 49.615

1972 0.435 54.993 0.457 61.194 0.413 48.792

1973 0.192 53.821 0.215 59.891 0.168 47.750

1974 0.710 53.183 0.779 59.171 0.643 47.197

1975 0.414 52.272 0.452 S8.150 0.376 46.397

1976 0.103 51.082 0.116 56.826 0.090 45.339

1977 0.384 50.204 0.405 55.827 0.362 44.581

1978 0.463 49.426 0.538 54.985 0.388 43.667

1979 0.166 48.379 0.174 53.810 0.156 42.947

1980 0.095 47.244 0.114 52.556 0.078 41.932

1981 0.451 46.358 0.309 51.559 0.269 41.159

1982 0.046 45.257 0.048 50.332 0.043 40.184

1983 0.036 44.174 0.036 49.123 0.037 39.227

1984 0.029 43.110 0.033 47.941 0.026 38.283

1985 0.022 42.067 0.020 46.776 0.023 37.360

1986 1.041 42.042 1.081 46.674 1.000 37.412

L.

.. " . II I I I i
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Denmark Jut land Islands

di (Nay-Aug) di (July-Aug) di (May-Aug i di (July-Aug) di(Nay-.ug) di(July-Aug)

0.01 0.01 0.01 0.01 0.01 0.01

0.05 0.02 0.06 0.03 0.05 0.02

0.11 0.05 0.12 0.05 0.09 0.04

0.27 0.12 0.31 0.14 0.23 0.10

1.03 0.46 1.16 0.52 0.89 0.40

1.35 0.60 1.53 0.68 1.17 0.52

1.67 0.74 1.90 0.84 1.45 0.65

1.67 0.74 1.90 0.84 1.45 0.65

2.32 1.03 2.63 1.17 2.01 0.90

2.50 0.68 2.76 0.75 2.24 0.61

0.47 0.31 0.52 0.34 0.42 0.28

0.66 0.47 0.73 0.52 0.590 0.42

4.223 1.857 4.566 2.052 3.860 1.662

9.965 5.629 10.753 5.932 9.177 5.327

6.235 2.568 7.170 2.910 5.299 2.226

2.029 0.850 2.094 0.852 1.964 0.848

1.049 0.418 0.984 0.496 1.114 0.340

0.367 0.141 0.380 0.134 0.354 0.148

0.648 0.426 0.910 0.460 0.786 0.392

0.614 0.276 0.723 0.319 0.505 0.233

0.908 0.547 1.076 0.632 0.740 0.462

0.992 0.405 1.154 0.516 0.830 0.294

0.253 0.084 0.262 0.084 0.244 0.084

0.075 0.033 0.093 0.039 0.057 0.027

0.421 0.190 0.463 0.219 0.378 0.162

0.159 0.075 0.179 0.091 0.157 0.060

0.032 0.010 0.032 0.011 0.032 0.009

0.178 0.107 0.164 0.085 0.190 0.129

0.232 0.096 0.275 0.098 0.188 0.093

0.086 0.030 0.087 0.031 0.084 0.029

0.051 0.022 0.064 0.f025 0.038 0.0180

0.175 0.060 0.176 0.058 (1.174 0.061

0.022 0.0071 0.024 0.0085 0.020 0.0058

0.013 0.0048 0.015 0.0055 0.0114 0.0043

0.013 0.0075 0.016 0.0090 0.0106 0.0059

0.0086 0.0054 0.0075 0.0046 0.0088 0.0062

0.74 0.052 0.78 0.055 0.70 0.048

I- . .
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N&Ondix D.2. Fallout rates and accumulated fallout (bq 9
0
Sr g

- 2 ) 
in Denmark 1950-1986

Denmark Jutland Islands

Year di ki(28.82) di M1(28.82) di Ai( 2 8 .8 2 )

1950 0.777 0.759 0.014 0.795 0.740 0.722

1951 3.737 4.389 4.218 4.894 3.256 3.884

1952 7.326 11.436 8.288 12.868 6.364 10.004

1953 18.500 29.225 20.942 33.007 16.058 25.443

1954 70.337 97.196 79.624 109.954 61.050 84.438

1955 92.537 185.224 104.747 209.599 80.327 160.849

1956 114.737 292.833 129.870 331.402 99.604 254.264

1957 114.737 397.884 129.870 450.310 99.604 345.458

1958 159.174 543.820 180.153 615.481 138.158 472.124

1959 225.774 751.306 255.596 850.377 195.989 652.236

1960 42.100 774.629 47.767 876.800 36.630 672.495

1961 54.797 809.716 62.012 916.502 47.545 702.929

1962 274.836 1058.779 295.112 1182.821 254.560 934.736

1963 617.715 1636.653 682.761 1821.249 552.669 1452.058

1964 385.244 1973.849 432.345 2200.039 338.143 1747.659

1965 146.298 2069.764 155.548 2299.609 137.048 1839.918

1966 79.365 2098.057 80.142 2323.199 78.588 1872.915

1967 38.739 2086.017 43.512 2310.468 33.966 1861.566

1968 51.911 2087.122 58.016 2312.200 45.769 1662.009

1969 38.295 2074.909 45.917 2302.078 30.673 1847.704

1970 60.939 2005.092 73.741 2319.360 48.137 1850.789

1971 55.722 2089.939 63.862 2326.587 47.582 1853.258

1972 16.095 2055.987 16.909 2287.806 15.281 1824.135

1973 7.104 2014.063 7.955 2241.204 6.216 1786.854

1974 26.270 1991.847 28.823 2216.082 23.791 1767.617

1975 15.318 1959.467 16.724 2179.746 13.912 1739.193

1976 3.811 1916.622 4.292 2132.136 3.330 1701.114

1977 14.208 1884.946 14.985 2096.097 13.394 1673.764

1978 17.131 1856.876 19.906 2065.718 14.356 1648.004

1979 6.142 1818.745 6.438 2022.914 5.772 1614.475

1980 3.504 1778.945 4.229 1979.966 2.869 1577.924

1981 10.662 1747.079 11.447 1944.499 9.967 1549.659

1982 1.691 1707.212 1.782 1900.127 1.601 1514.297

1983 1.344 1667.954 1.329 1856.433 1.359 1479.4:5

1984 1.094 1629.385 1.209 1813.506 0.980 1445.264

1985 0.806 1591.452 0.744 1771.286 0.868 1411.618

1986 38.5 1591.218 40 1766.622 37 1415.882

L
i______________________________________
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Denmark Jutland Islands

Year di di di di di(qayAug) di(JulyAua)
(may-Aug) (July-Aug) (may-Aug) (July-Aug)

1950 0.370 0.370 0.370 0.370 0.370 0.370

1951 1.050 0.740 2.220 1.110 1.850 0.740

1952 4.070 1.850 4.440 1.850 3.330 1.480

1953 9.990 4.440 11.470 5.180 8.510 3.700

1954 38.110 17.020 42.920 19.240 32.930 14.800

1955 49.950 22.200 56.610 25.160 43.290 19.240

1956 61.790 27.3R0 70.300 31.080 53.650 24.050

1957 61.790 27.380 70.300 31.080 53.650 24.050

1958 85.840 38.110 97.310 43.290 74.740 33.300

1959 92.500 25.160 102.120 27.750 82.880 22.570

1960 17.390 11.470 1q.240 12.580 15.540 10.360

1961 24.420 17.390 27.010 19.240 21.830 15.540

1962 156.251 68.709 168.942 75.924 143.560 61.494

1963 368.705 208.273 397.661 219.484 339.549 197.099

1964 230.695 95.016 265.290 107.670 196.063 82.362

1965 75.073 31.450 77.478 31.524 72.668 31.376

1966 38.613 15.466 36.408 18.352 41.218 12.580

1967 13.579 5.217 14.060 4.958 13.098 5.476

1968 31.376 15.762 33.670 17.020 29.082 14.504

1969 22.718 10.212 26.751 11.803 18.685 8.621

1970 33.596 20.239 39.612 23.384 27.380 17.094

1971 36.704 14.985 42.698 19.092 30.710 10.878

1972 9.361 3.108 9.694 3.108 9.028 3.108

1973 2.775 1.221 3.441 1.443 2.109 0.999

1974 15.577 7.030 17.131 8.103 13.986 5.994

1975 5.883 2.775 6.623 3.367 5.809 2.220

1976 1.184 0.370 1.184 0.407 1.184 0.333

1977 6.586 3.959 6.068 3.145 7.030 4.773

1978 8.584 3.552 10.175 3.626 6.956 3.441

1979 3.182 1.110 3.219 1.147 3.108 1.073

1980 1.903 0.816 2.386 0.936 1.420 0.664

1981 6.464 2.205 6.494 2.144 6.433 2.265

1982 0.816 0.263 0.876 0.314 0.755 0.215

1983 0.483 0.178 0.544 0.202 0.423 0.160

1984 0.488 0.277 0.591 0.336 0.395 0.216

1985 0.318 0.200 0.276 0.169 0.326 0.230

1986 27.4 1.91 28.8 2.0, 26.0 1.76

I-
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APPENDIX E

Detailed Chernobyl air, precipitation and grass data
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WCATIM IL380

103-o - ,1 52753.832

106-iN - 10 10344.227
i.- -- 18 232622.749
132-1 - 1 152000.000
133-I - - 350000.000
134-0 - 0 35370.493
137-CS - 0 63608.520
140-IL 18 92611.833
140-LA - 2 87001.534
141-Cl - 1 49780.967
144-(Z - 1 32706.973
238-10 - 2 3.692 8.813
239,240-8U - 1 6.400 18.V88
241-AM - 7 0.761 1.812
242-4 - 1 119.960 176.730
244-0 - 6 2.251 2.419
90-a - NW ShMPE.U SIMT 1 1436.735
89-3190-S - 3 19.700
95-Z I986 APR 2-1986 APR 29 ML SAKXR 6 PILM 18 560.000
103-W - 16 460.000
131-1 - 2 4600.000
132-1. - 4 1580.000
133-I - 15 540.000
134-Cs - 10 340.000
137-CS - 8 960.000
140-B

l  
- 29 1000.000

140-LA - 4 3300.000
141-Cl - 25 470.000
93-22 1986 APR 29 - 23 700.000
103-U - 25 420.000
131-I - 1 14700.000
132-I - 3 4200.000
133-I - - 13 2100.000
134-CS - 4 4300.000
137-CO - 2 7400.000
140-LI - 10 910.000
141-Cl - - 21 610.000

131-1 1986 AP 29-1986 APM 30 - 7 610.000
132-1 - - 22 190.000
137-4C - 99 90.000
131-1 196 AM 30-1966 HAT 01 - 6 750.000
132-1 - - 12 310.000
134-C - - 38 100.000
137- - - 15 260.000
L40-LL - 2 3460.000

131-1 196 VAT 01-196 A 02 - 22 530.000
132-1 - - 490.000
137-C - 99 200.000
7-W3 1986 HLY 01-1966 JU06 02 M 8*21. SMINTr 17 5654.230

90-1 - 5 93.878 195.918
9--ZR 6 1337.806
103--40 1 30315.835
106-Iu 6 9686.146

i.
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134-C - - 1 5738.412
137-0 - - 1 10534.425
140-LA - 22 3679.576
141-M - 12 140312
144-CZ - 22 1126.121
89-Su/g0-I 13 12.800
103-0W 1986 PAT 02-1966 MY 03 OW S4JfLM 6 Fl= 35 130.00

131-1 - - 1 17600.000
132-1 - - 23 210.000
137-CS - - 22 220.000
95-72. 196 MAT 03-196 MAX 04 - 27 570.000
103-Nu - - 7 1880.000
131-1 - - I 22390.000
132-I - L5 5100.000
133-1 - - 20 1400.000
134-0 - - 7 2120.000
137-0 - - 4 3560.000
140-h - - 24 2300.000
95-l 1966 MY 04 14 4630.000
103-0 - - 4 15300.000
131-1 - - 1 410000.000
1232-1 - - 2 30500.000
134-CS - - 4 14200.000
137-CS - - 3 22700.000
140-BA - - 19 9100.000
140-LA - - 6 8700.000
141-CE - - 17 4460.000
238-PU - - 15 0.373 0.295
239,240-PU - - 11 0.497 0.400
241-AN - - 26 0.484 0.213
242-01 - - 9 4.413 3.940 1.424
244-af - - 20 0.529 0.548
7-BR 1966 MAY 04-1986 MAY 05 - 8 8097.708
95-ZL - - 2 2582.946
103-RU - - 1 11605.702
106-RU - - 8 3292.109
131-1 - - 3 264302.697
132-1 - - 3 17100.000
134-CS - - 0 14342.357
137-CS - - 0 23965.937

140-LA - - 5 8377.138
141-CS - - 4 2451.123
144-CS - - 6 2077.188
238-PU - - 6 1.321 0.212
239,240-PU - - 4 2.241 0.291
241-AN - - 28 0.264
242-0' - - 2 43.004 2.439
244-(H -" 21 0.467 0.159

95-23l 1966 MAY 05 - 4 6410.000
103-RU - - 2 9470.000
131-I - - 1 36200.000
132-I - - - 14400.000
133-1 - - 39 1100.000
134-CS - - 3 9650.000
137-0 - - 2 15440.000
140-k - - 9 8700.000
140-IA - - 3 9000O00
141-0 - - 5 6800.000
95-ZL 1966 MY 05-196 MAY 06 - 7 300.000
103-RU - - 2 12260.000
131-1 - - 3 26000.000
132-I - - 1 12100.000
134-CS - - 3 4600.000
137-CS - 7410.000
140-A 15 560.000
140-IA 4 7600.000

-9i

____________________________________________________________
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141-3 - 38 520.000

90-3 1906 NT 03-1966 Jill 02 LT SAMPLER GLASS 2 77.551 89.796

9-3t/904a -. 6 16.000

95- 136 YA 06 NW SIRLS 6 sLiM 13 3700.000

103-W - - 1 40700.000

131-1 - - - 3140.000

13 -0 - - 5 7300.000

137-42 - - 3 12400.000

140-A - - 17 8500.000

140-LA - - 5 750.000

95-ZR 1906 IT 06-1986 NAT 07 - 15 1990,000

103-RU - - 3 7800.000

131-1 - 1 164000.000

134-CS - 5 3900.000

137-0 4 6400.000

140-Ml - 23 4100.000

140-LA - 5 6100.000

95-ZIL 1386 MILT 07-1966 I.! 08 - 40 3200.000

103-RU1) - 1 "44000.000

131-I - - 496000.000
134-CS - - 82400.000

137-CS - - 54W.000

140-l -4 64500.000

140-LA - 1 50300.000

141-0 - 19 3500.000

Z38-PU - 12 0.302 0.282

239,240-PU - 8 0.665 0.374

241-K - 30 0.682

242-H - 6 3.660 4.638

244 - - 18 0.373 0.682

7-B 196 MAT 08-1986 MAT 12 4 4677.004

95- . - 28 49.262

103-111 - 0 62117.504

106-iU - 1 18758.728

131-I - 13 17902.270

134-CS 0 7964.493

136-Cm - 22 1642.893

137-CS - 0 14449.212

140-fl, - 19 4655.938

140-EA - 2 4992.965

141-CE - 19 194.474

1"-CE - 7.2 230.854

239,240-PU - -13 0.005 0.148

242-CH - 24 0.195 0.095

131-1 1986 MAT 12-1986 MAY 14 - 1 4299.062

134-C - - 6 463.838

137-CS - - 5 739.376

103-lu 1936 AT 14-1986 NAT 15 - 2 4350.000

131-I - 2 8251.830

134-CS .5 1235.727

137-CS - 4 2272.353

103-RU 136 IMT 15-1986 IT 16 - 5 880.000

131-1 - 2 324.429

134-CS - - 6 487.152

137-CS - - 5 30.622

103-U 136 MAY 16-1966 NIT 17 - 6 310.000

131-I - - 3 *I.,862

134-CS - - s 166856

137-S - - 7 292.279

140-IA - - 25 0.000

10-1U 136 M 17-1966 MAY 18 - 5 s30.000

131-1 - 2 2771.349

134-CS - 4 451.452

137-CS 4 783.461

140-LA - 1 160.000

103-lu 1966 NY 16-1936 NiT 19 4 680.000
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131-I 2 1663.992
134-a8 -6 388.275
137-42 - S 7"4.9"6
103-0 1966 MAY 19-1966 MY 20 - 2220.000
131-1 - 4 2248.152
134-C8 5 1367.364
137-C 2 4 2421.003
239,.O-.U - 45 0.070

242-n 32 0.127 0.140

244-1 - 16 0.4
L03-RU 3 2173.696

131-l 3 2507.328
132-1 3 94344.410
134-C0 3 1438.880
136-C 17 267.557
137-CS 3 2596.644
7-U 1966 HAY 21-1986 MIT 22 - 14 3142.718

103-RU - 4 1601.783
131-I - 3 2006.835
134-a - S 782.936
137-CS 5 1322.503
140-LA - - 29 590.627
7-B1 1986 HILT 22-1986 FAY 23 - 15 4614.205

103-RU - 3 2747.069
131-I - 4 2809.772

134-CS - 6 1022.112
137-CS - 5 1772.712

7-81 1986 H Y 23-1966 HAY 26 - 3 5153.000
103-RU - 1 3783.206
131-I - - 1 105.169
134-CS - 1 1221.249
136-C. - 28 114.257
137-CS - 1 2275.187

140-LA - 7 190.2.53
7-BE 1986 M!AY 26-1986 HAY 27 - 11 3352.038

103-80 - - 3 1700.061

106-80 - - 39 965.968
131-1 - - 5 1029.120
134-CS - - 3 748.740

137-CS - - 4 1300.118

140-LA - 38 453.882
7-81 196 HAY 27-1986 PAY 28 - 10 2575.941
95-R - - 39 92.791
103-RU - - 4 794.525
131-1 - 7 517.007
134-CS - - 7 314.819
137-M - - 6 593.957
141-CE - - 33 106.931
7-B 1966 HAY 28-1906 HAY 29 - 26 1216.446
103-RU - - 6 735.281
131-1 - 10 481.501

134-a - - 14 195.620
137-a - -11 330.033

7-as 1966 VT 29-196 HY 30 - 37 700.856
103-RU - 4 927.222
131-I -- 9 533.149
134-a - 17 145.561
137-0 - 12 330.422

7-31 1986 HAY 30-I96 .1W 02 - 3 2106.141
103-U - 2 678.511

106- 2 377.886
131-1 - 7 225.311
134- - 4 257.319
137- - 3 472.401

7-M 196 .3W 0-196 .1 05 - 3 1875.315
105-RU - - 2 516.568

-i
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106-M - - 18 217.25

131-1 - - 6 144.475

134-C - - 3 194.207
137-(] - - 2 34. 180
140-LA 18 26.901

0-3. 1984 Jf 02-1966 J 30 LZ SWEAR ASS 30 1.621 2.069

7-
E  

m SLM SaI 6 4191.051
90-SK 19 5.944

103-11 10 335.747
134-C2 12 166.574
137-0 9 279.561
7- 19"6 JEW8 05-198 Jit 09 Nw SAMI 6 rum 3 1502.228
103-U - - 2 540.243
106-Ni - - 19 282.765
131-1 - - 11 86.634
L34-02 - - 8 69.867
137-] - - 7 120.460

140-LA - - 19 45.627
7-M 1984 AIM 09-1986 JUN 12 - 2 6933.916
103-RU - - 3 47. 918
106-RU - - 31 278.227
13L-I - - 13 103.137
134-02 - - 6 111.226
137-CS - - 5 236.094

7-BS 1986 JN 12-1986 JNI 16 - 6 2925.777
103-i - - 8 292.192
131-1 - - 37 73.856

134-C2 - - 13 108.498
137-CS - - 11 193.601

7-81 1986 JW 14-1986 JIM 19 - 3 3248.560
103-RU - - 7 162.046

131-1 - - 31 44.084
134-CS - - 13 52.318
137-CS 9 114.382
140-1A 8 225.859

7-91 1986 JIM 19-198 JIM 23 - 3 2805.043
103-U - - 11 79.513
137-M - - 20 40.723

7-BE 1986 JUN 23-1986 JIM 26 - 2 2829.303
103-RU - - 8 49.922
134-] - - 9 31.798
137-, - - 7 57.112
140-LA - - 38 6.973
7-BE 196 AIM 26-1986 JUN 30 - 4 2958.751
137-CS - - 29 3..086

7-BE 1986 JUN 30-1986 JM 03 - 3 4333.064
103-1 - - 21 43.979
137-0 - - 21 46.006

7-1 1986 31 03-1986 J. 07 - 3 2843.095
103-1 - - 15 38.572
134-CO - - 19 18.602
137-C - - 12 45.019
7-81 196 J.1J 07-1986 JUL 10 - 1 247.069

103 - - 15 16.892
134-0 - - 10 17.987
137-0 - - 9 32.605
7-31 1986 JUL 10-196 J 14 - 1 1711.182
103-t - - 5 10.252
134-CS - - 4 9.682
137-S - - 3 17.187
7-3 1986 31. L4-1966 .JU 17 - 1 2835.863
9,5-l - - 36 3.118

103-1U - 3 36.454

106-u - - 26 31.396

134X - - 1 101.580
137-CS - - 1 201.046
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T-R M 1986 JU. 17-196 JL 21 - 0 343.660

103-1 - 3 14.713

106-IO - 26 13.111

134-CS - 4 8.267
137- - 3 16.164

7-R 1986 JULr, 21-19f6 JUL 24 - 1 2739.351
95-L - 16 5.993

103-U - 7 12.660

134-CS - 1 67.489

137-CS - 1 127.483
7-MI 19M9 JUL 24-1986 JU 26 - 1 1951.938
103-Nu - 10.676

106-RU - 27 12.224

134-CS - 4 7.342

137-CS - 3 13.435

7-BE 196 JUL 28-1986 JUL 31 - 1 2330.194

103-Rt - 19 5 .136
134-CS - 1 106.618
137-CS 1 211.246

7-91 19G JU 31-1986 AUG 04 - 1 1751.396

103-RU - 9 4.923

134-CS - 6 6.091

137-CS - 5 10.827

141-cs - 34 1.862
7-BE 196 AUG 04-1986 AIG 07 - 1 2834.038

103-RU - 16 5.100

134-CS - 2 47.968
137-CS - I 91.578
7-W1 1986 AUG 07-1986 AM IL - 0 3506.442

103-RU - 9 4.057

134-CS - 6 4.708

137-CS - 4 9.725

7-81 1986 AU 11-1986 AUG 14 - 1 2101.748

93-fl - 9 10.344
103-RU - 10 7.138

106-RU - 33 18.356
134-CS - 3 20.014
137-CS - 2 40.403

141-Cf - 28 3.172
144-CS - 22 16.790
7-RI 1986 AID 14-1986 AUG 18 - 1 2256.735
103-RU - 10 4.376

134-CS - 7 5.026
137-CS - 5 10.288
7-1 1986 AUG 18-1986 ALE 21 - 1 1918.817

93-l - 36 2.676

103-Ni - 13 4.85

134-CS - 4 12.662

137-CS - 3 23.936
7-1 19"6 AUM 21-1986 AMD 25 - 1 1598.419
103-RV - 25 1.439

134-0S 13 2.371
137-CS - 10 4.389

7-RI 196 AW 25-1986 AM 28 - 1 2105.291

63-Zl - 11 12.573

93-fl - 3 17.716
103-1 - 7 9.616

106-El - 39 14.160

134-CS - 3 17.28

137-CS - 2 37.016
141-C - 26 3.436

144-CS - 19 17.875

7-B3 1986 AW 28-9 5 01 - 1 246.133
93-ER - 3 32.007

103-NU - 3 12.981

134-CS - 2 33.358
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il7-aB - 71.904

141-C - 10 9.341

144-a 11 34.045

7-51 1986 SD 01-1966 SEP 04 - 1 1451.120

95-5 - 39 2.523

103-1L - 23 2.441

134-a .5 10.998

157-CS - 3 23.198

7-BE 1986 SD 04-196 SD 08 1 1665.094

60-00 - 23 L.67

103-RU - 6 9.227

106-iNU - 23 17.253

134-CS - 3 14.179

137- - 2 29.771

7-B5 1986 sD 08-1"6 SV 11 1 1154.865

103-111 15 64.365

134-CS 7 5.887

137-CS 5 11.237

7-M1 1966 SEP 11-1986 SD 1 1 1789.662

103-NU - 19 2.406

134-CS 4.717

137-CS - 5 9.920

7-M1 1986 SP 15-1986 SI 18 1 1693.058

103-iU - 17 65.106

134-CS - 8 5.726

137-CS - 6 10.768

7-BE 1986 SD 18-1986 SEP 22 1 2242.544

103-NU - 22 1.719

134-CS - a 4.083

137-CS -
6 8.230

7-M1 1986 SD 22-1986 SED 25 - 1 1641.141

103-RU - 27 1.915

134-CS - 3 18.622

137-CS - 2 37.501

7-Bi 1986 SID 25-1986 S 29 - 1 2047.825

103-tU - 19 1.826

134-CS - 12 3.954

137-CS - 6 7.309

7-BE 1986 SD 29-1986 OCT 02 - 1 2229.846

103-RU - 35 1.459

134-CS - 9.300

137-CS - 4 20.900

7-W 1986 OCT 02-1986 ocr 06 - 1 1695.777

103-RU - 12 3.449

106-NUJ - 36 7.447

134-CS - 7 5.150

137-CS - 5 10.554

7-56 1986 OCT 06-1986 OCT 09 - 1 1132.058

103-NU - 36 1.223

134-CS - 6 6.647

137-CS - 4 13.708

7-88 1986 OCT 09-1986 OCT 13 -1 1997.742

103-WU - 16 2.267

134-a - 6 .e

137-4. - 4 12.019

7-rn 1986 OCT 13-1986 OCT 16 - 1 298.326

103-NJ -. 16 3.933

134-CS - 2 32.358

137-CS - 2 65.302

7-51 1986 OCT 16-1986 OC 20 - 1 2370.665

103-NJ - 17 2.406

134-S - 7 5.399

137-CS -4 Ll.35

7-51 1986 OCT 20-1986 23 - 1 1995.36

134-C 6 6.866

137-0S 5 14.178
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7-E 1986 OCT 23-1986 OCT 27 - 1 1140.389

103-RU - - 16 2.724

106-M - - 34 12.121

134-] - - 3 15.056

137-CS - - 2 31.436

7-B 1986 OCT 27-1986 OCT 30 - 1 1462.714

134-cs - - 5 9.063
137-] - - 4 19.115

7-BE 1986 OCT 30-1986 HNO 03 - 1 1902.807

134- S - - 7 5.017

137-CS - - 5 11.286
7-BE 1986 NOV 03-1986 NOV 06 - 1 1840,976

134-CS - - 10 3.810

137-CS - - 6 8.977

7-BE 1986 NOV 06-1986 NOV 10 - 1 2183.197

40-K - - 2 0.013
103-RU - - 33 1.067

134-CS - - 7 4.953

137-CS - - 5 10.579
7-BE 1986 NOV 10-1986 NOV 13 - 1 3007.491

134-CS - - 3 24.227

137-CS - - 2 53.365
7-BE 1986 NOV 13-1986 NOV 17 - 0 3957.638
103-RU - - 23 2.138

134-CS - - 6 6.868
137-CS - - 4 15.153

7-BE 1986 NOV 17-1986 NOV 20 - 1 2025.399

134-CS - - 8 5.215

137-CS - - 5 11.662
7-BK 1986 NOV 20-1986 NOV 24 - 0 2276.174

134-CS - - 15 1.434

137-CS - - 9 3.543

7-BE 1986 NOV 24-1986 NOV 27 - 1 1166.273

134-CS - - 10 3.689
137-CS - - 7 7.734
7-BE 1986 NOV 27-1986 DEC 01 - 1 2388.669
103-RU - - 21 33.576

134-CS - - 27 1.036

137-CS - - 13 2.798

7-BE 1986 DEC 01-1986 DEC 04 - 1 3089.000
134-CS - - 6 7.170

137-CS - - 4 15.230

7-BE 1986 DEC 04-1986 DEC 08 - 1 3060.000
103-RU - - 21 29.400

134-CS - - 4 6.880

137-CS - - 3 17.290

7-BE 1986 DEC 06-1986 DEC 11 - 1 2822.000
103-RU - 38 1.980

134-CS - - 2 39.100

137-CS - - - 87.600
7-BE 1986 DEC 11-1986 DEC 15 - 1 2138.630

134-CS - - 8 4.637

137-CS - - 6 8.482
7-BE 1986 DEC 13-1986 DEC 18 - 1 1168.093

134-CS - 3 9.392

137-C - 2 23.829
7-BE 1986 DEC 18-1986 DEC 22 0 2065.135

103-RM - .6 1.033
106-RU - 22 8.527

134-CS - 5 3.054

137-CS - 3 6.926

7-BE 1986 DEC 22-1986 DC 26 1 1254.307

137-C - 3 17.659
7-BR 1986 DEC 26-1996 DEC 29 1 1478.296

134-CS - 26 1.359

137-CS - 14 3.268
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7-u 1986 Dwu 29.1967 JAY 02 - 1 2175.665

103-RU - - 40 1.587

L06-RU - - 33 17.329

134-M 2 26.941

137-0 2 59.317
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SNEW iiMV 6 1USM

95-71 1986 M! 02-1966 MLY 05 12 1183.2-51
103-tU - 3 525.69"
106-RU - 29 390B.609
131-1 - 0 192651.325
132-1 - 1 11254.748

134-CS - 2 5011.187
136-C - 8 1345.474

137-C - 2 8121.691

140-U - 15 3261.525
140-ILA - 4 3880.042
141-CE - 14 1545.055

95-Z7 1986 HA! 05-1986 HAY 07 3 2801.164
103-RU -1 16032.79B

106-RU - 15 6200.000
131-1 - 0 227771.067
132-I - 0 14821.007

133-1 - 15 68516.597
134-CS - 1 5137.085

136-Ca - 10 1339.422
137-CS - 1 8882.184
140-EA - 1 5424.666

141-CE - 3 3335.389
95-ZK 1986 HY 07-1986 HA! 09 8 3239.239

L03-RU - 0 959775. 437
106-RU - 1 287693.571
131-1 - 0 604494.510

134-C - 0 100152.987
136-Ca - 8 24307.825
137-CS - 0 180162.815
140-A - 22 76752.980

140-LA - 3 70583.876

141-CE - 14 4987.464
144-CZ - 22 4718.322

238-PU - 8 0.281 0.733
239,240-PU - 5 0.753 1.722

241-M - 11 0.368 0.315 0.034

242-CH - 3 5.169 4.429 9.426

244-0 - 21 0.227 0.093 0.109
7-B1 196 HA! 09-1986 HA! 12 7 1866.466
93-Z1 - 32 43.519

103-RO - 2 1146.979

106-RU - 22 495.114
131-1 - 1 4977.351

132-1 - 5 479.930
134-C - 3 391.580
136-C. - 12 80.801
137-CS - 3 700.557

140-LA - 9 172.897
131-1 1986 PA! 12-1986 HA! 14 1 699"5.655

134-CE - 3 899.848
137-CS - 2 1332.602

7-52 196 HA! 14-166 HA! 16 10 2640.000
103-RU - 2 767.714
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106-A1 U9 2.8

131-I - I 2767.888

132-1 - 11 178.499

134-C 3 473.915

136-Ca 11 93.303

137-X 2 805.018

140-A t 125.65

7-1 1966 Mi 16-1966 MIt 20 5 2260.000

9.-.R -14 42.96

103-U -1 116.176

106-IRu 11 432.523

131-1 1 144 .095

132-I - 6 121.147

134-CS - 1 670.454

136-,C - 4 104.756

137-a - 1 1160.635

140-3. - 14 180.209

140-. - 3 195.447

141-CZ - 13 50.970

7-M 1966 MAY 20-1986 MIY 23 5 4060.000

95fl - 22 48.207

103-u - 1 2480.3"

106-1 - 11 930.197

131-1 - 1 2029.049

134-2 -1 1011.882

136-C - 123.928

137-CS -1 1801.111

140-Lt - 4 277.182

141-CS - 17 72.520

7-U1 1986 Kh! 23-1986 M! 26 5 4350.000

93-l - 33 37.684

103-RU - 1 3045.773

106-1 - 10 1078.448

131-1 2 1217.063

134-a - 1 1035.889

13-C. - 25 164.875

137-CS - 1 1810.297

140-36 - 30 182.773

140-1. - 6 221.495

141-M - 24 56.717

7-BM 1986 MAT 26-1966 MI! 28 5 2725.006

95-fL - a 161.604

103-0! - 2 1224.700

106-ILU - 27 410.561

131-I - 5 454.070

134-a - 3 503.445

137-aX - 2 666.157

140-RA - 33 165.064

140-LA - 8 155.478

141-CE - 12 106.070

7-1M 1966 MIY 28-1966 M I 30 7 1191.099

95-ZR - 27 35.473

103-3W - 2 59.735

106-3R1 - 29 202.062

131-1 - 5 246.301

134-0 - 4 17,977

137-a - 4 311.344

140-A - 20 3.306

141-0 - 33 23.254

7-3 1986 FAT 30-196 J 02 2 2098.91

103-U - 1 659.359

106-3U - 12 24S.m

131-1 3 264.948

134-CS 2 256.467

137-2 - 1 493.220

140-LA - 7 53.216
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7-M 1986 XM 02-1966 JEW 04 3 2637.765
103-10 2 56.181
106-0 23 219.522
131-1 5 227.830
134 3 175.850
137-C0 3 319.004
140-LA - 22 24.328
7-1 1986 JUN 04-1966 JN 09 5 12%.710

103-RU - 2 615.127
106-1 - 15 275.193
131-1 - 7 132.344
134-C8 - 6 67.394
137- - 5 135.325
140-LA - 26 15.771
141-CZ - 38 15.899
7-83 1986 JW 09-1986 JiN 11 4 4167.319
103-RU - 4 346.866
106-RU - 28 254.540
134-CS - 8 111.313
137-CB - 7 175.734
7-as 1966 JN 11-1986 IM 13 3 4980.265

103-RU - 5 2$4.056
131-1 - 15 71.366
134-C - 10 66.831
137-Cl 8 119.810
141-CE 34 25.090
7-B3 1986 JM 13-1966 JWI 16 3 3048.538
103-RU - 3 304.273
131-I - 21 39.145
134-l - 5 105. 361
137-Cl - 5 193.019
7-B 1986 JIM 16-1986 JI 19 2 3292.591

95-ZR - 35 11.873
103-RU - 3 247.396
106-RU - 27 109.672
131-1 - 15 44.856
134-8 - 6 56.406
137-l - 5 111.795

7-BE 1986 iN 19-1986 ju 23 2 2450.162
95-Zl - 22 10.480

103-RU - 4 89.096
106-RU - 37 54.499
134-(8 - 5 36.210
137-CS - 5 60.667
7-1 1986 JUN 23-1986 IN 30 1 2972.612
103-RU - 5 46.227
134-S - 5 29.577
137-(8 - 5 52.948

7-u 1986 AX 30-1986 J1 07 1 3097.B82
93-Z

L  
- 30 5.227

103-RU - 4 41.193
134-l - 6 19.712
137-Cl 4 41.623
7-n3 1986 IL 07-1986 JL 14 1 1734.630
93-ZR - 26 1.737
103-RU - 2 20.347
106-RU - 15 18.734
134-2 - 2 .13.799
137-l - 2 25.063
141.43 - 32 1.501
7-rn 1986 IUL 14-1966 IUL 21 0 3040.791

95-ZR - 20 2.062
103-RU - 3 13.61
106-RU 18 15.532
134-C 3 11.153
137-Cl 2 2. 400
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7-34 1966 J-. 21-1966 .1W 26 0 2244.330

95-ZIL - 7 5.966

103-90 - 3 15.56

106-40 19 16.218

134-S 3 11.106

137-S 2 22.386

141-CZ 28 1.945

146-0 - 24 8.632

?-It 1966 J!L 28-196 AM 04 0 2774.752

95-23L - 2 29.484

IO" - 2 23.576

106 - 10 24.240

134-2 - 2 12.334

137-0 - 2 25.65

141-C - 5 10.606

144-a - 4 51.097

7-ft 1966 A0 04-1966 AM 11 0 3260.668

103-1R 7 4.047

106-11 - 35 7.473

134-aS - 3 .393

137-CS 4 10.587

7-BK 1966 AM1 11-1966 AUG 18 0 2054.097

103-RU - 3 12.671

106-1W 16 18.063

134-CS - 3 2.054

137-CS - 2 17.755

7-M1 1986 AUG 18-1966 AM 26 0 2197.675

103-1 - 7 4.294

106-1 - 35 7.840

134--CS 4 5.786

L3?-CS 3 12.054

7-M1 1986 AM3 26-1966 S 01 0 2569.754

103-lU - 9 3.691

106-111 35 9.136

134-CS - 3 9.829

137-CS - 2 20.487

7-BK 1966 SE 01-1966 So 06 0 2269.680

63-Z1 36 1.632

103-AU - 13 2.091

134-C - 6 3.495

137-CS - 5 7.173

7-= 1966 9 06-1966 W 15 1 153.749

103--U 6 4.1"6

106-10 - 22 11.392

134-0 - 3 6.461

137-C - 2 16.748

7-31 1986 61 15-19B6 SEP 22 0 2347.673

10-W - 24 0.910

134-0 6 3.065

117-CS - 4 6.330

7-o1 1986 SO 22-1966 SEP 29 0 2328.896

103-RU - 14 1.523

134-CS - 4 4.965

137-C 2 1i.970

7-61 1966 SO 29-19 OCT 06 0 1996.8

60.( - 14 1.071

103-aU 14 ..577

134-.CS 4 4.201

137-CS 3 9.063

7-o1 1986 Ocr 06-196 OCT 13 0 2218.322

103-RO - 6 5.604

106-RlU 14 20.118

134-CS 2 16.192

137-CS - 36.487

7-81 1966 OCT 13-1986 OCr 20 0 2897.194

LO0-=U - 15 3.630

_ '
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106-RU - 33 14.915

134.0 - 4 13.147

137-a - 2 28.753

7-M 196 0CT 20-1986 0UC 27 0 2162.880

103 .U - 18 1.324

134-a - 3 4.62

137-0 - 3 i0.021

7-3M 1966 002 27-196l6 W 03 0 2155.078

134-X - 8 2.428

137-C - 5 5.282

7-33 1966 WV 03-1966 MV 10 0 2247.841

103-4U - 30 0.805

106-RU - 35 6.604

134-0 - 6 3.851

13742 - 4 8.379

7-az 1986 NOV 10-1986 ON 17 0 4413.700

134-CS - 4 5.297

137-a - 3 12.147

7-
mz 1986 WV 17-1986 MV 24 0 2306.369

103-RU - 31 0.977

134-CS - 5 4.873

137-0 - 3 10.997

7-az 1986 WV 24-1966 DEC 01 1 1931.618

103-19 - 30 0.840

134-a 9 2.468

137-03 6 5.022

7-BE 1986 ow2 01-1986 MC 06 1 3022.000

134-a - 3 8.210

137-C - 2 17.470

7-2 1966 = 08-1966 DC 15 0 2446.025

134-S - 6 4.005

137-3 - 4 9.119

7-M2 1986 M 15-1966 M 22 1 1703.55

105-IU - 22 1.367

106-RU - 29 9.299

134-a - 4 7.37

137-CS - 3 14.699

7-32 1986 WC 22-1906 0IC 29 1 1490.049

L03-RU - 28 1.202

106-R1 - 30 8.795

134-a - 5 5.683

137-CS - 3 12.613

7-82 1966 OC 29-197 JAN 01 0 2460.269

103-RU - 27 1.247

L06-1 - 21 12.870

134-CS - 3 7.87f

137-C - 2 18.379

* h

-- 1
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SlICID :10 M2 1K-EmBUls

Iso1W?An SD z UJS

7-W ON APR 01-196 APR 29 1 71.51

g0-a - 1 0.46

93-fl - 1 14.85

103-1u - 1 10.39

106-RU - 12 1.6

134-CS - 2 0.48

137-CS - 2 0.88

140-LIA - 3 37.32

141-Cs - 1 17.54

144-Cl - 1 9.05

69-m /90- - 3 17.20

90-6 1966 APR 29-1966 14O 09 2 19.34

95-Z - 35 20.19

99-b - 13 269.29

103-lU - 1 2160.15

106-RU - 5 566.69

131-1 - 2 363.56

132-To - 29 412.45

132-1 - 2 785.45

134-CS - - 330.37

136-C - 10 81.14

137-CS - 2 624.92

140- - 5 370.28

140-LA - 2 401.19

141-0 - 27 12.12

89-3&1904R - 6 15.20

7-U 1966 NAT 09-19"6 JUN 01 1 121.13

90-5 7 2.04

95-fL 3 3.99

103-ILU 0 104.60

106-RU 2 35.91

131-1 - 2 103.07

134-CS - 0 63.30

136-Ca - 12 7.64

137-CS - 0 117.52

140-66 - 5 50.66

140-IA - 1 54.35

141-Cl - 2 10.51

144-l - 4 12.53

89,SilO- - 21 5.20

7-Il 196 JEW 01.1966 JUI 30 2 31.93

90-a - 10 0.54

95.-n - 1 3.69

103-lU - 0 34.81

106-lU - 2 19.36

131-I - 15 2.37

134-M - 0 14.92,

137-CS - 0 28.47

140-Sk - 21 2.98

140-IA - 3 3.34

141- - 2 3.96

Lm m~mm mmmm
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144-CS - 3 7.64

6-9-a - s0 11.20
-3 1966 JIM 30-196 AUG 01 1 12D.11l

95-ZR - 7 0.79
103-RU - 2 5.10
106-3D - 9 4.17

le.M - 12 0.22

134-43 - 1 9.63
137-0 - 0 18."6
141-0 - 16 0.15
144-CS - 11 2.09
7-33 1966 AM3 01-1966 SI 01 1 70.37
95-ZI - is 0.10
103-3D - 3 0.79

106-3DU 11 1.06
134-CS - 1 2.20

137-0 - 1 4.36
141-03 - 30 0.09
144-0 - Is 0.44
7-B% 1966 SX 01-1966 OCT 01 1 46.35

95-UI - 17 0.09
103-3U - 4 0.48

106-RD - 11 1.18
116.-M - 1s 0.07
134-03 - 1 1.52
137-03 - 1 3.19

141-03 - 36 0.06
144-(Z - 14 0.58
7-M1 1966 C 01-1966 C 31 1 70.99

95-U& - 10 0.17
105-3DU - 11 0.16
106-RU - 20 0.58
134-C3 1 1.14
137-CS - 1 2.41

144-C3 - 14 0.533
7-M1 196 0Cr 31-198d BE 01 1 61.30
103-RD 16 0.09

106-RU - is 0.46
134-CS - 1 0.83
137-0 1 1.94

144-0 30 0.20

?-Be 196d DE 01-1966 DE 29 1 40.76
106-3D - 33 0.35
134-0 - 3 0.56
137-03 - 2 1.25
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mornliop IUAN6 n MIL

106-3D - 31 111.6
134-CS - 2 156.4
137-CS - 2 267.3
103-30U 1966 FAT 07-1966 m 06 1 1697.9
106-19 - 12 965.6

131-1 - 1 2567.4
132-To - 25 1100.4
132-1 - 1 1346.0

1344CS - 3 2"4.3
136-Cs - 26 61.3
137-4X - 3 486.2
140-LA - 4 252.2
141-CS - 26 45.8
103-Ni 1966 PAY 06 2 251.6

106-Ni - 24 113.3
131-1 - 1 643.3
132-1 - 1 247.0
134-CS - 3 46.4
136-Cs - 36 15.2
137-CS - 4 66.1
140-Bi - 12 97.1
140-LA - 7 35.1
103-RU 166 PAY 09 5 60.6
131-1 - 2 210.0
132-1 - 5 32.2
134-CS - 11 13.9
137-4S - 11 22.6
140-LA - 17 10.6
103-Ni 1966 MAY 10 11 49.1

131-1 - 6 97.6
132-1 - 9 42.6
134-CS - 11 35
137-CS - 9 73.4
140-LA - 29 9.0
131-1 1966 VAT 14 12 12.5
134-CS - 16 1.1
137-CS - 19 6.6
131-1 1966 PAY 16 9 26.6
134-CS - 13 11.2

137-CS - 12 21.5
131-1 1966 PAY 19 23 2.9
134-CS - 25 2.2
137-CS - 19 3.5
131-1 1966 PAY 21 15 10.2
1344CS - 15 7.2
137-CS - 12 *1.

, .
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131-1 1986 IAY 23-196 MY 26 14 36.0

134-2 - 21 17.4
S137-3$ 25 20.7

134-a 1966 Jug 04 10 4.6

137-a - 13 9.4

103-0 1966 Jug 06 4 7.1

131-1 - 14 1.8

134-a - 7 2.9

137-3 - 6 5.3

103-3W 1966 Al 09 14 14.3

137-a8 15 10.3
103-RU 196 JUN 19 8 4.8

134-a - 11 2.4

137-a - a 4.6
103-iU 1986 JUL 07 36 9.1
134-a - 15 7.2

137-C - 13 10.6

137- 1986 JUL 06 29 1.0
137-a 1966 JUL 30 36 1.6

___ _
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S-0 1966 AM 28 2 4.19

ZV4'5 1986 11 28 L-OS 7 58.00

Ib-95 - 4. 59.00
..99 - 20 82.00

- 1990 10 67.00

iU-lO3 a 35.00

1-131 4 870.00

.o-132 - 67.00

1-133 - 30 226.00

Ca-13 a 26.00

Co-137 7 44.70

!8-140 - 11 f9.00

LA-140 - 4 83.00

Go-141 7 63.00

09-14 3.5 66.00

Z-95 1986 APR 28 LI 2 117.80

I1b-95 - 1 190.00

HO"- 20 59.00

TC-996 10 77.00

lRU-lO 3 59.90

1-131 5 840.00

T-132 - 10 71.00

1-133 - 115.00

Co-134 10.20

Ce-137 - 7 21.90

Bl-lA, - 6 128.00

La-140 - 2 124.00

CO-141 - 114.00

CM-44 - 11 95.00

Zr-95 1986 AP 29 5 62.40

1fb.-95 3 65.60

MCI-" 16 55.40

m.-99.m 10 35.50

u-103 4 42.60

1-131 -5 419.00

Th-132 - 10 33.80

1-133 - 56.10

Ce-134 - 13 7.70

Co-137 - 14 10.80

].-140 9 65.40

La-140 3 8.0

0m-141 - 4 63.40

Csi-1A4
20 59.70



-i - 258-

Zr-95 i6 At 30 4 200.00
ib-95 - 106.00

Tc-99 - 13 23.00
1-103 - 8 48.60

1-131 - 12 361.00
T.-132 20 26.00
1-133 - - 27.80
CO-134 - 32 7.45

CG-137 - - 10.80
ik-140 - 13 116.00
La-140 4 144.60
CO-141 3 16.00
C-l - 11 233.00
Zr-95 196 FAY 01 5 53.40
Nb-95 - 3 57.60

Ib-9 - 27 32.00
TC-99 6 25.70
10-103 2 182.00
1-131 - 5 532.00
TO-132 10 58.00
1-133 - 15 20.00
Co-134 - 16 7.50
Cm-137 - 13 12.60
k"-140 - 11 65.00
Ea-lO - 4 62.30
C.-141 - 6 49.00
Cc-I" 21 67.00
z6-95 1966 MAY 02 6 117.00
!b-95 -4 117.00
IU-103 6 68.80
1-131 - 2 474.00
TO-132 - 20 46.00
1-133 - 35 23.00
Co-137 - 30 11.80
2"-140 13 116.00
Ta-140 - 5 110.00
Ce-141 - 6 106.00
CO-144 - 35 72.00

Sy-90 1986 PAT 04 3 1.59
7r-95 - 10 42.00

Mb-95 7 40.00

As-103 - 9 27.00
1-131 - 1 820.00
Ce-134 - 17 9.50
Cs-137 15 15.80

-40 - 19 30.00
La-140 - 7 48.00
0-141 - 12 40.00
Zr-95 1966 MAY 05 10 39.00

Ub-95 9 34.00
U3-103 12 29.00
1-131 1 910.00
To-132 15 28.00
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1-133 1966 MY6. 05 35 11.00

Co-134 - 33 9.40

Co-137 - 24 13.30

U-140 - 10 121.00

4-1AO -5 119.00

Ce-141 - 7 90.00

Zr-
9 5  

1966 PAY 06 14 35.00

ib-95 - 11 29.00

l-103 - 9 45.00

1-131 - 1 900.00

Ca-137 - 14 21.90

X--140 - - 27.00

Zr-95 1986 PAY 07 15 25.00

Nb-95 - 9 35.00

-103 - 10 32.00

1-131 - 2 467.00

Cm-134 - 19 9.50

Cs-137 - 18 14.40

BIL-140 - 40 27.00

LO-140 - 14 31.00

Ce-141 - 19 28.00

Zr-
9 5  

1986 MAN 06 25 24.00

4b-9 - 14 23.00

ku-103 - 1 532.00

1-131 - - 814.00

Cs-134 - 3 143.00

Cs-137 - 2 258.00

Bg-140 - 8 196.00

La-140 - 3 187.00

C.-141 - 23 27.00

Zr-
9 5  

1986 M41Y 09 17 20.80

Nb-95 - 9 24.50

3.u-10
3  

- 2 342.00

1-131 - 1 403.00

Co-134 2 118.00

C-137 - 198.00

18-140 8 159.00

IA-140 3 154.00

Z1-95 1986 HAY 10 Z5 26.40

b95 - 13 27.80

itu-lO3 - 3 282.00

1-131 - - 245.00

Cs-134 - 6 61.00

Cm-137 - 5 106.00

s-140 - 21 74.00

L-140 - 6 117.00

C.-141 22 28.00

Zr-95 1986 PAT 11 13 37.00

flb-95 - 9 31.00

ou-103 - 7 286.00

1-131 - 3 219.00

Cao134 - 5 60.00

Ca-137 - 4 106.00

l.-lAO - 16 83.00

LA-140 - 5 107.00

Ce-141 - 14 34.00

Cm-144 - 26 85.00



- 260 -

Zr-95 1986 MAY 12 37 8.30
8b-95 - 7 10.80
Uu-103 - 2 219.00
1-131 - - 148.00
Ce-134 - 4 54.00
Ce-137 - - VO.00
U-140 - 11 74.00
LA-140 - 4 89.00
Cs-11 - 40 7.00
Zr-95 1986 MAY 13 15 26.40
Kb-95 - 10 32.90
b-103 - 3 276.00
1-11 - 2 209.81
Ce-134 - 3 ".1?
Cv-137 - 2 154.20
B,- 140 - 15 103.70
La-14O - 8 107.10
Ce-141 - 10 32.00
Co-I" - 25 42.00
Zr-95 1986 AY 14 37 6.60
INb-95 - 13 10.40
!u-103 - 2 192.00
1-131 - 2 160.77
Cs-134 - 2 75.12
Ca-137 - 2 128.10
Ba-140 - 9 71.00
La-140 - 3 81.00
Co-141 - 21 11.70

Zr-95 1986 M&Y 15 10 24.80
Nb-95 - 6 28.80
Ru-103 - 2 153.00
1-131 - 2 107.24
Co-134 - 3 49.72
Cs-137 - 3 87.02
Ba-140 - 10 67.00
La-140 - 4 62.00
C-141 - 9 26.00
C.-IA - 32 34.00
Zr-95 1986 NAY 16 17 25.00
Nb-95 - 8 34.00
Ru-103 - 2 285.00
1-131 - 3 172.09
C,-13A - 5 63.08
Ca-137 - 4 135.30
Be-140 - 15 78.00
1&-140 - 6 78.00
Zr-95 1986 MAY 17 37 8.00
Nb-95 - 27 6.30

RU-103 - 3 149.00
1-131 - 5 88.91
Ce-134 - 5 50.36
Cv-137 -5 83.45
B-140 - 17 52.00
1&-140 8 51.00
C-141 - 26 12.00
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z--95 1986 MAY 18 27 15.60

b-95 12 21.00

Itn-103 A 125.00

1-131 6 68.57

CS-134 7 32.92

Co-137 7 56.14

LA-140 11 35.90

0'-141 36 10.30

Ub-95 1966 MY 19 23 6.10

u-O 3  
3 112.00

1-131 - 5 61.72

CE-134 - 6 29.75

Cm-137 - 5 60.27

L-140 - 24 30.00

Ea-140 - 11 23.00

Zr-9s 1966 IAT 20 29 7.70

Nb-95 - 14 10.40

l-oS103 3 $7.00

1-131 5 42.99

Cm-134 6 24.43

Cv-137 5 42.17

S-AO 28 19.80

la-lO 7 32.00

C-141 18 11.60

Ifu-103 1986 MAY 21 5 56.00

1-131 - 7 34.77

Ce-134 - 9 18.92

Cs-137 - a 34.$7

U-O140 - 13 16.70

Zr-95 1986 MAY 22 5 93.01

Jib9-5 - 4 97.60

Ru-103 - 5 90.13

1-131 - 8 38.94

Cs-134 - 10 26.70

Co-137 - 7 51.02

B.-140 - 23 47.36

La-140 - 8 45.25

C-141 - 5 94.53

Cs-144 - 15 122.79

nb-9 1986 FAT 23 28 3.50

!a-103 4 51.00

1-131 8 23.07

Cs-134 8 17.64

Cm-137 7 30.77

L-140 15 11.10

Zr-95 1986 NAY 26 36 5.00

Mb-9 - 14 8.10

Ru-103 - 3 64.00

1-131 - 7 22.46

Cs-134 - 6 20.32

Cs-137 - 5 39.97

I-140 - 33 13.10

LA-140 - 10 14.40

Co-141 34 5.00

;; . , J | I J J I I
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mi-95 1986 PAT 27 23 5.00

bi-103 - 4 68.00

1-131 -5 39.27

Co-134 -7 22.67

C-137 -6 41.75

U-140 -33 14.60

EL-140 -12 16.10

C-l41 34 5.60

U-103 1996 NO! 28 5 63.00

1-131 - 7 33.09

Ce-134 - 9 25.07

Go-137 - £ 40.62

Ub-95 1986 MAY 29 36 2.50

bu-103 - 5 61.00

LA-140 - 17 10.20

zr-9S 1986 HA 30 29 4.40

3o..95 - 11 6.90

k-103 - 3 42.00

1-131 - 7 14.97

Cm-134 - 6 15.06

Ce-137 - 5 26.11

Be-14O - 28 10.30

La-lAO - 13 7.50

Co-141 -22 5.10
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Zr-95 1986 APR 28 KL.0 7 12.10
Nb-95 - 4 12.20
No-99 20 17.00
Tc-99 - 10 13.90
*A-103 - 8 7.30
1-131 4 180.00
To-132 - 14.00
1-133 30 47.00
Ca-134 8 3.30
Cs-137 7 9.26
h-140 11 18.60
LA-L40 4 17.10
Ce-141 7 13.10
Ca-144 - 35 13.60
Zr-95 1986 APR 28 L.11 2 20.75

Nb-95 - 1 33.40
A- - 20 10.40

'C-990 - 10 13.50
Ru-103 - 3 10.60
1-131 - 5 152.00
To-132 - 10 12.40

1-133 - - 20.30
Cs-134 - - 1.80
Co-137 - 7 3.85
Be-140 - 6 22.40
La-140 - 2 22.00
Ce-141 - - 20.10
Ce-144 - 11 16.70
Zr-95 1986 APR 29 5 42.50
Nb-95 - 3 44.70

MD-99 - 16 37.70
Tc-99M - 10 24.20
In-103 - 4 29.00

1-131 - 5 285.00
To-132 - 10 23.10
1-133 - - 38.20
Ce-134 - 13 5.20
Cm-137 - 14 7.40
DR-140 - 9 4.60

la-140 - 3 46.30
C-141 - 4 43.20
Cm-144 - 20 40.60
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Zr-95 1986 An 30 4 162.00
8b-95 - - 85.60
Tc-99. - 13 18.70
h-103 - 8 39.40
1-131 - 12 293.00
Te-132 - 20 21.00
1-133 - - 22.60
CM-134 - 32 6.00
Cs-137 - - 8.70
b,-140 - 13 95.70
La-140 - 4 117.00
Ce-141 - 3 160.00
CO-144 - 11 189.00
k-95 1986 MAY 01 5 27.40
b-95 - 3 25.50

Mo-99 - 27 16.00
Tc-99M - 6 12.70
Itu-103 - 2 89.90
1-131 - 5 264.00
To-132 - 10 29.00
1-133 - 15 10.00
Ce-134 - 16 3.70
Ce-137 - 13 6.21
1-140 - 11 32.00
Ia-140 - 4 31.00
Ce-141 - 6 24.00
C.-144 - 21 33.00
Zr-95 1986 MAN 02 6 58.00
Nb-95 - 4 58.00

Rh-103 - 6 34.30
1-131 - 2 236.00
Te-132 - 20 24.00
1-133 - 35 11.00
Cc-137 - 30 5.90
ha-140 - 13 58.00
lA-140 - 5 55.00
CO-141 - 6 53.00
Ce-144 - 35 36.00
ZV-93 1986 MAT 04 10 16.70

b-95 - 7 15.90
ah-103 - 9 10.70
1-131 - 1 330.00
Co-134 - 17 2.00
Ce-137 - 15 3.40
B"-140 19 10.70
La-10 - 7 10.20
C0-141 12 8.50
Zh-95 196 MAX 05 10 14.20
ib-95 - 9 8.10
u-103 - 12 7.00
1-131 - 1 218.00

* i
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T.-132 1966 PA&Y 05 15 6.60

1-133 - 35 2.60

Cm-134 - 33 2.30
Cs-137 - 24 3.20

k-140 - 10 29.00

La-140 - 5 29.00

C.-141 - 7 22. GO

ZT-95 1966 WIX 06 14 8.70

Ib-95 - 11 7. 0

R.-lO3 9 11.20

1-131 1 2.00

Co-137 14 5.40

LA-140 - 6.70

Zr-95 1966 MAY 07 18 10.50

Mb-95 - 9 14.90

k-103 - 10 13.40

1-131 2 13.00
CS-134 - 19 4.00

Co-13? - 16 6.10

k-140 - 40 11.40

1a-140 - 14 13.20

Ce-141 - 19 11.80

Zr-95 1986 MY 06 25 12.50

Nb-95 - 14 12.00

Ru-103 - 1 277.00

1-131 - - 424.O

CM-134 - 3 74.O

Cs-137 - 2 134.00

BI-140 - a 102.00

LA-140 - 3 97.00

Co-141 - 23 13.80

z:-95 1986 HAY 09 17 13.80

Nb-95 - 9 16.20
IR-103 - 2 227.00

1-131 - 1 267.00
Cs-134 - 2 78.00

Cr-137 - - 131.O

DA-140 - 8 106.00

1a-140 - 3 102.00
Zr-9

5  
1986 PLY 10 25 10.00

Ib-95 - 13 10.60

in-103 - 3 107.00
1-131 - - 93.00

Cv-134 - 6 23.00
Cs-137 - 5 41.00

lk-140 - 21 2B.00
Ia-140 - 6 44.60

CO-141 - 22 10.60
Zr-95 1986 MIL 11 13 14.10

Eb-93 9 11.90
bi-103 2 108.00

1-131 3 63.00

Cs-134 5 23.00

Ce-137 4 40.20

D--140 - 16 31.50
La-140 - 5 40.40

Ce-141 - 14 12.90

C-144 - 26 32.10
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Zt-95 M66 MAT 12 37 4.80
Mi-9S - 17 6.30
u-103 - 2 127.00

1-131 - - 66.00
Ce-134 - 4 31.00
Ce-IS7 - - 33.00
D"-140 - 11 43.00
La-140 - 4 32.00
Ce-141 - 40 4.10
Zr-95 1966 MAY 13 15 9.00
Nb-95 - 10 11.20
b-103 - 3 94.20
1-131 - 2 71.55
Co-134 - 3 29.36
Cm-137 - 2 52.56
DR-140 - 15 35.40
LA-140 - a 36.50
Ce-141 - 10 11.10
Ce-144 - 25 14.40
Zr-95 1986 MAY 14 37 3.70
b-95 - 13 5.90
b-103 - 2 109.00
7-131 - 2 91.27
Co-134 - 2 42.65
Ca-137 - 2 72.72
DR-140 - 9 40.00
LA-140 - 3 46.00
CO-141 - 21 6.60
Zr-95 1986 MLT 15 10 9.30
Nb-95 - 6 10.80
n-103 - 2 58.00
1-131 - 2 40.11
Cs-134 - 3 18.60
Cs-137 - 3 32.59
lk-140 - 10 25.0
La-140 - 4 23.30
Co-141 - 9 9.60
Ce-144 - 32 12.70
Zr-95 1986 MAY 16 17 7.70
b-95 - 6 10.50

b-103 2 6.10
1-131 3 53.18
Cs-134 5 19.49
Ce-137 4 41.81
IM-140 15 24.00
Ia-140 6 24.00
ZC-95 1986 MAY 17 37 3.30

Ub-95 - 27 2.60
b-103 - 3 61.00
1-131 - 5 36.54
C.-134 - 5 20.70
Co-137 - 5 34.30
hk-140 - 17 21.00
La-140 - a 21.00
Ce-141 - 26 4.90
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Zr-95 196 MT 18 27 6.60
ib-95 - 12 9.20

kb-103 - 4 55.00
1-131 - 6 29.96
CN-134 - 7 14.39

Cs-137 - 7 24.53
1&-140 - 11 15.70
Ce-141 - 36 4.50
Ir-95 1966 M 19 23 3.10
h-103 - 3 57.00
1-131 - 5 31.55
Cs-134 - 6 15.21
CO-137 - 5 30.81
h--140 - 24 15.20
L-140 - 11 11.70
Zr-95 1986 PA6T 20 29 4.10
n-95 - 14 5.50

h-O03 - 3 46.00
1-131 - 5 22.83
Co-13 - 6 12.97
Cm-137 - 5 22.39
B-140 - 28 10.50
La-140 - 7 16.80
Ca- 141 18 6.10
In-l10 1986 MY 21 5 30.00
1-131 - 7 17.74
Ce-134 - 9 9.66
Cs-137 - 8 17.79
La-140 - 13 8.50
Zr-95 1986 1AY 22 5 37.48
Nb-95 - 4 39.33
1U-103 - 5 36.32
1-131 - 8 15.69
Ca-134 - 10 10.76
Co-137 - 7 20.58
1-140 - 23 19.09

LT-140 - 8 18.23
Ce-141 - 5 38.10
CA-l - 15 49.48
Nb-95 1986 MAY 23 28 2.00
PA-O - 4 29.00
1-131 - 8 13.21
Co-134 - 8 10.10
Co-137 - 7 17.63
la-140 - 15 6.30
?Z-9S 196 AY 26 36 3.20
Nb-95 - 14 5.20
hi4-103 - 3 41.00
1-131 - 7 14.37

Cm-1A - 6 13.00
Co-137 - 5 25.57
b-140 - 33 8.40
La-l4O - 10 9.20
Ce-141 - 34 3.20
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ib-95 gM MY 27 23 1.70
?Ah-103 -4 23.00

1-131 - 5 13.51
CO-lO - 7 7.0

Cm-137 - 6 14.36

U-140 . 33 5.00

La-l4O - 12 5.50

Ce-141 34 1.90

hn-103 1986 VAT 28 5 13.80

1-131 - 7 7.28

Cm-134 - 9 5.52

Ca-137 - a 8.94

Mib-95 1986 PAY 29 36 1.40

*A-103 - 33.00

La-140 - 17 5.80

zr-95 1986 MI 30 29 2.10

Nb-95 - 11 3.30

kn-103 - 3 20.50

1-131 - 7 7.26

Ce-134 - 6 7.30

Ca-137 - 5 12.66

k-.1 0  - 28 5.00

LA-14O - 13 3.60

Ce-1A1 22 2.50

____
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150

0

Y=X

0o

0

~50 00 0

0

0 50 100 150
PREDICTED VALUES

Fig. E.6. Comparison between model predictions and observations

for Bq 
1 37Cs m-2 grass at Ris0 in May 1986.

The model assumes an initial uptake in grass of 28% of the deposition.

Furthermore, it is assumed that the field loss during rain corresponds

to a field half-life of 2 days. During dry weather the half-life is

14 days.
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AErrata to Rs--4
Environmental Radioactivity in Denmark in 1986

p 9 second paragraf line 5: delete: and milk

p &61 second paragraf line 6: case: read core

line 11: delete the rest of the paragraf

from: If we consider the ratio: 239 Np/l4 lCe

p 156 - 158

Tables 5.7.4, Bg (kg KF 1l: read Bg 137Cs (kg K)-l

5.7.5, and 5.7.6: Bg day-1 cap-1 : read Bq 1 37 Cs day-1 cap-1

p 160 Table 5.8.1.2: Bg kg-1 : read Bq 1 37Cs kg-1

Bg (kg Kr'-: read Bq 1 37Cs (kg K)-l

p 168 5.9.9.: The 1 37Cs mean concentration for 1986

may be a little lower because the in-

creased radiocesium levels in fish due

to Chernobyl first appeared in May. (cf.

also p 164)

p 226_Appendix Al: 9 5Sr/1 37Cs: read 90Sr/1 37CS


