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Abstract. Strontium-90, radiocesium and other radionuclides
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ABBREVIATIONS AND UNITS

cal:
rad:
rem:
Ci:

joule: the unit of energy; 1 J = 1 Nm (= 0.239 cal)

1 (= 100 rad)
gsievert: the unit of dose equivalent = 1 J kg'1 (= 100 rem)
becquerel: the unit of radiocactivity = 1 s”! (= 27 pCi)

gray: the unit of absorbed dose = 1 J kg~

calorie = 4,186 J
0.01 Gy
0.01 Sv
. 10 . 12
curie: 3.7x10 Bg (= 2,22x10 dpm)

mega: 106
kilo: 103
milli: 10”3
mikro: 1078
nano: 1072
pico: 1012
femto: 10713
atto: 10718

pro capite: per individual

TNT:

cpm:
dpm:
OR:
CPF:
PP:
uR:

trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent
to 102 kg TNT.

counts per minute

disintegrations per minute

observed ratio

concentration factor

fission products

micrc-roentgen, 10-6 roentgen I

8.U.:pci ¥%sr (g ca)~! l

O.R.:

observed ratio
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M.U.:pci 137cs (g k)1
Ve vertebrae
m: male
: female
nSr: natural (stable) Sr

eqv. mg KCl: equivalents mg KCl: activity as from 1 mg RCl
(~ 0.96 dpm = 0.016 Bg; 1 g K = 30.65 Bq)

E(X-x{)
S.D.: standard deviation: T

_\/I(i—xi)z

S.E.: standard error: —_—_—

n{n-1)

U.C.L.: upper control level

L.C.L.: lower control level

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

£: degrees of freedom

s2: variance

v2: ratio between the variance in question and the

residual variance

P: probability fractile of the distribution in question
n: coefficient of variation, relative standard deviation
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%)

** : gignificant (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, Barsebdck 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 envirommental
tritium studies. External radiation 1is 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 analysisz“) and the statistical

treatment of the results3/'2) are still based on the principles
established in previous reports1)'
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1.3.

The detailed tables of the environmental monitoring programme
for Rise 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. PACILITIES1:6,7,8)

By S.P. Nielsen

2.1. Detectors

The samples are measured as follows:

Alpha (239Pu, 2"“I\.m): 22 solid-state surface barrier detectors
connected to multichannel analyzers (512 channels per detector)
and another two for total alpha counting.

Beta (90Y 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" Nal (Tl) 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 STATDATA16) s 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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Fig. 3.1.1. Sampling locations at Risg National Laboratory.
1-5: .ocations for rain bottles (0.03 mz each), ion-exchange

columns (0.06 n2 each) and grass samples.
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3. ENVIRONMENTAL MONITORING AT RIS®, BARSEBACK AND
RINGHALS IN 1986

by H. Dahlgaard

3.1 Environmental monitoring at Rise

From the two semiannual reports: Radioactivity in the Rise 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 Rise 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 Barsebdck and Ringhals

The radiological monitoring of the marine environment around
the two nuclear power plants at Barsebdck and Ringhals in
sweden!) 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 algae sampled near Ringhals
in 1986. Monthly data on radionuclides in seaweed from Barseblck
and Ringhals are reported from the experimental programme in
chapter 3.2.5. The data are expressed on the basis of dry
weight. Dry matter contents are given.
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Pig. 3.2.1.2.

indicate fishing tracks. Arrows indicate cooling water intake

and outlet.

Sampling locations at Ringhals. 14 and 16
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Table 3.2.1.3..
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Table 3.2.1.3 shows a comparison of the 3 fucoids Fucus vesicu-
losus, Fucus serratus and Ascophyllum nodosum. The levels of
significance of differences from unity are indicated.

Ratios of activity concentrations

on dry weiaht basis in Fucus vesiculosus (Fu.ve.),
Fucus serrvatus (Fu.se.) and Ascophyllum nodosum

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

Isotope Fu.ve./Fu.se. Fu.ve./AS.no.
60co 0.817%+:0.046 (n=30) 1.3%* :0.13 (n=17)
58¢o 0.82##%:0.040 (n=29) 2.4%**%20.27 (n=15)
54un 0.98 +0.068 (n=25) 3.5%*%:0.33 (n=@)
652n 0.80%**+0.058 (n=25) 1.2 +¢0.17 (n=16)
110mpq 1.52¢% :0.159 (n=18) 1.2 20.18 (n=11)
137cq 1.04 :0.032 (n=29) 1,4**#:0,05 (n=15)
131y 0.94 (n=1) 1.2 (n=1)
95zr 0.89 (n=1)

1245p 0.70 (n=t) 1.3 (n=1)
57co 0.8 (n=1)
134cg 1.03  +0.959 (n=5) 1.5 :0.04 (n=2)
103y 1.29 20,249 (n=5) 2.5  +1.17 (n=2)
106gy 1.25  +0.261 (n=5) 2.3  :0.38 (n=2)
V44ce 0.47 (n=1)

The error term was 1 S.E.

e o,




handil S

£
[

- 18 -

In Pigures 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‘°"Ag (Fig. 3.2.1.7) the Chernobyl accident evidently in-
fluenced the transfer factors in 1986.
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Fig. 3.2.1.3. Monthly discharge and transfer factors (TF) to Fucus
from Ringhals for 54n,

The TF is calculated as the ratio between activity concentration in
Fucus (Bq kg" dry) and the monthly discharge (GBq month") average

over 6 months previous to the Fucus sampling.
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Fig. 3.2.1.6. Discharge and TF to Pucus from Ringhals (cf. Fig. 3.2.1.3).

DISCHARGE GBq

TF (x100)

Fig. 3.2,1.7. Discharge and TF to Pucus from Ringhals (cf. Pig. 3.2.1.

DISCHARGE GBq

80
60
A
20

s o o o
bONO'—th

o

o
Y
N
3
1

o o o
%O o o) (o] fo) [o}
| i 1 I IJ

1983 1984 1985 1986 1987
YEAR

T

F T

T T 1 T -

o]
110mAg °
o
o]
) %o ° j
oL o o ° o °
Ay 50 0 O o
l ) %o%lo ¢ 00 Ry oWyp 1

T

L T 7 T

110mAg . %0 -

° ©
[o]
XD Gy © Mo 3

1983 1984 1985 1985 1987
YEAR

3).




- 21 -
o L FT T T T T T
[o6]
o 3} SMn % .
W o
8 2F o 1
§ ° °
2 r o_. o0 o o &P° & o ]
8 0 Lo fowasn’ ofd Boafp o O
300 =R T | ¥ T L)
- SLMn o QD -
200 = [o] oo o
'S [o] (o]
- - fo) ° (o] [o] -1
100 + (o204 fo -
o o o o o o i
0Ok ] L n ® ! |
1983 1984 1985 1986 1987
YEAR
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Fig. 3.2.1.10. Discharge and TF to Pucus from Barseblck (cf. Fig.

Pig. 3.2.1.11. Discharge and TF to Pucus from Barseblick (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 Barsebidck 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 usv y"1 based on mussels from Table 3.2.2.1. This is < 0.1%
of the background radiation dose (o 2 mSv yr“).

Table 3.2.2.1. Gamma-emitting radionuclides in benthic animals and fish collected at Ringhals and
Sarseblick in 1986. (Unit: Bq xq~! tresh;

Species rish meat Plaice meat Dab meat gdible crab Mytilus edulis Mytilus edulis
totalld meat neat
Date 30/5 3175 10/6 10/6 28/2 nn
Location Barsebiick Bacrseblck Ringhals Ringhals Ringhals Ringhals
Station No.* 25 30 1L ] 14 95 L 1]
v 4ry matter - - - 32.5 19.0 21.2
Depth in m 0. ~ 20 17 17 - -
§0co - - - 1.1 K] as
€530 - - - - - 1A
V10mpq - - - - 3.9 A -
134¢q - - 0.3 - - -
13%¢e 2.8 3.1 2.9 3.8 2.6 A 2.5

*Ct. Pigs. 3.2.1.1 and 3.2.1.2.
Synie: [ ] lq" dry.

3.2.4. y-emitting radionuclides in sea sediments

Results from sediment samples collected at Barseblick and Ring-
hals with the HAPS bottom corer are shown in Tables 3.2.4.1 and
3.2.4.2. At both sites 60Co from the power plants is seen to
have accumulated in the sediments.




TTar 7 v A

Table 3.2.4.1. Gamma-emitting radionuclides in sediment samples collected

at Barsebiick,

55045'N 127°52'E, location 38, in 1986. (Area: 0.0145 m2)

Layer 60co 60¢q 137¢cq 137¢g

Date in om 2
8q k9! ary  Bq m-2 8q kg~! Aary  Bq m”

30/5 0-3 13.4 66 (1} 310
3-15 4.8 210 35 1490

0-15 I 280 1800

19/11 0-3 1.0 53 79 420
3-6 - - 48 400

6-15 - - 10.8 350

0-15 T 59 Z 1170

Table 3.2.4.2. Gamma-emitting radionuclides in sediment samples collected at

Ringhals, S57215'N 12004'F,

location 2, in 1986. (Area: 0.0145 m2)

60c,  134g, 134,

Layer 60¢c, 137¢q 137cs

Date in om
Bq kg“ dry Bg mn-2 Bg kg" dry Bq m-2 Bg kq" dry Bg 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 I 660 I T 1820
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3.2.5. Pield experiments at Ringhals, Barsebdck and Forsmark

For 1986 the time-integrated water samplings were only car-
ried out at Forsmark. At Barsebdck 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 110maq,
which due to Chernobyl was much higher in 1986.

As seen previously" the 1level 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
(952r, 1°3Ru, 1°6Ru, 110mAg' 13‘Cs, 137Cs, 14035, 140La' 141Ce

and "‘Ce) 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, Varberg.
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Figqure 3.2.5.1. Concentration of 60co in Fucus vesiculosus 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 wmonths after the
translocation to Varberg.

Barsebiick results
Tables 3.2.5.8-3.2.5.13 and Figures 3.2.5.3 and 3.2.5.4 give the
Barsebdck 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 Barsebdck 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 €0co in Pucus vesiculosus trans-
located from Barsebdck to Limhamn (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
Porsmark I and 1I in 1984-1986 from reference 36

Isotope 1984 1985 1986
51¢cr 4.9x101) 3.3x1010 1.9x1010
54mn 4.7x109 6.1x109 7.8x109
57co 9.0x108 4.1x107 9.4x107
58¢co 3.8x1010 5.2x1010 2.8x1010
59pe 4.7x107 0 0

60co 9.2x1010 2.0x101! 3.5x10M!
65zn 2.4x1010 3.1x1010 3.5x1010
95zr 1.8x108 0 0

95Nb 5.3x108 0 0

103gy 2.9x108 0 0

110mpg 5.6x109 4.8x109 7.6x109
124gp 8.1x109 2.2x1010 5.2x109
125gp 1.4x109 6.4x108 t.2x109
131 1.7x1010 4.4x109 1.5x109
134cg 8.6x107 3.6x109 2.6x108
137¢g 3.7x108 4.4x109 6.5%108
140, 5.2x102 0 )

140, 2.8x109 6.1x107 2.4x108

141ce 1.6x1012 1.6x108 4.7x108
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Table 3.2.5.18. Radiocobalt and Zinc-65 in time-integrated
water samples collected at the intake to the biotest-area,
Porsmark in 1986 (Unit: Bq -‘3)

1sotope 12/9-6/19 6/11-1/12
i 58¢co 12 A -
i
i 60co 134 38

652n 20 8.7

\O (2
’ “ [ Cooling watqeg intake

Pigure 3.2.5.3. The biotest basin at Forsmark. The water samples
were taken at the outlet from the basin.
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4. PALLOUT 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 uBgq 905r 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 90g, disappeared more rapidly from the
air than the radiocesium. Already by September the 20sr levels
were back to fallout background again.

For the period May-Sept 1986 the inteqral air activity was 5.7
b 7 mBg m~3 days in Bornholm (Table 4.1.1.2), while we on the two

Table 4.).1.1. Strontium=-90 in air collected at Rise in 1986. (Unit: .Bg m~3)

Month Big sampler, glass 895, /905, + Small sampler 89sr/%0gy+
fibre filter, shunt glass fibre

Jan 1 - April 26 0.48 B 0.53

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

May 145 4151 12.9 84 6 16.0

June : 4.121.9 1.89-:0.23

July 0.97 8B 0.83 A

Aug 0.53 8 0.31 8

Sept 0.32 8B 1.24

Oct-Dec ~0.24 B 0.61 B

1986 28.6 (23.5)

*The annual asan for the small sampler included the peak value from April 27-28
obtained from the big sampler.

The error terms are 1 8.B. of double determinations.

*Decay corrected to April 26, 1996.
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samples at Rise measured 4.7 and 2.7 mBg 905y 3 days, respect-
ively. The small sampler, however, did not include the first 4
days of May. The mean of 89Sr:/9OSr (on April 26) was 16+3.5
(N = 3; +1 8.D.).

Figure 4.1.1 shows the quarterly levels of 905y in air since
1957.

Table 4.1.1.2. Strontium-90 in air collected
at Bornholm May-Sept 1986 (Unit: uBqg m'3)

Month Big sampler, alass
fibre 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 137Cs and about 50 PBg 134Cs were released20), one
third of this was deposited within the European part of the
USSR, i.e. about 1 MCi '37Cs and 0.5 Mci 134cs22),

The peak air activity at Rise occurred between April 27 noon
and April 28 noon, when the air concentrations were 0.24 Bq
137ce m=3 and 0.13 Bq 134cg -3, ,

The mean concentration of '37cs 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 Bqg 137cg p-3 days and at Bornholm we measured
0.51 Bg 137¢cg n-3 days. The 90Sr/'-"”Cs in this period was 0.019
g at Riso and 0.011 at Bornholm. In the Rise "peak sample® from
27-28 April the 90sr/137cs was 0.024.

Table 4.1.2.1. Radiocesium in air collected in
glass-fibre €ilters by the big air sampler at Rise
in 1986. (Unit: uBg m~3)

; Month 137cs 134cs
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. Radiocesium in air collected
at the big air sampler in Bornholm May-Dec 1986
(Unit: uBg m~3)

Month 137cq 134cq

ﬁ 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

Decenber 14.5 7.3
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Pigures 4.1.2.1-4.1.2.4 show the concentrations of 137¢s 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 Fig. 4.1.2.2: In the first days of the week (Monday-
Thursday) the air concentrations are an order of magnitude higher
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
pecember the '37Cs 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 neighbourhood and thus no more
can be influenced by the traffic. The broader peak seen in Fiq.
4.1.2.2 at the beainning of September may be due to the burninag
of the fields after harvest. We may compare the total integrated
137cs air activity from Chernobyl measured at Rise with that
measured from global fallout. Chernobyl released 100 PBq '37cCs
and resulted in 1.3 mBg 137¢cg w3 year. Global fallout has re-
leased 740 PBg 137¢cs (UNSCEAR, 1982) arnd gave 7.4 mBg 137cg m-3
year. Normalized to a release of 1 PBg 137Cs, global fallout
thus gives 10 uBqg 137¢cg m—3 year while Chernobyl gave 13 uBg
m3 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 137¢g 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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Cesium-137 in

air collected at Rise 1958-19R6

Year fci w3 wBq 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
19N 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 g.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

IR O N TR L Ty

6
‘0 T T T T T Ty T T Ty Ty T Y Y Y T [TV Ty T T T T T Iy Ty vy ryry
- Air Collected at Rise in 1986 1
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Fig. 4.1.2.1. Cesium-137 in air collected at Risg, Denmark,
in the period April 27-June 30, 1986 (cf. also Fig. 4.1.2.2).
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Laboratory of the National Adency 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.

6
10 TY"—TFVIIIIIIIIIVIIlllllllllllllIIIIIIIIIIIIIIIIIIlllll1lll|lll
i Ar Collected at Bornholm in 1986 7
5
10° —
4
© e
‘e 10 ]
£ | ‘
o =~ -
D 3
:|.10 — -
2
10 -
101 Illl{llllllllll'llllllllllllllllllllllllllllllllllllllllllllllllll
27 S 10 1 2 25 30 5 10 15 2 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™

soon | 27 Apr.|l|4 May | oo\
v 28 April |5 May
580N fned™] 4 58°N
S7°N { s7°N
56°N ¥ s6on
559N b 559N
54N < SLON
[ ]
¥\
530N 1 1 1 1 i L 1 1 530N
7E 8°E  9°E  10°E  1°E  12°E  13°E  1°E  15°E  16°E

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/9°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 137Cs concentrations in air collected at Rise

since 1958.

Table 4.1.3.1. Short-lived isotopes in Chernobyl debris

Date 132¢c/131y 1331/13'1  sample type Location

(at 12:00) =0.127 a~! =0.774 a-*

26 April 0.67 - Lorry dust Brest, Ukraine

27 April 0.46 - Alr Charlottenlund DK Zealand
- - 0.45 - -"- Nastved -" -

28 April 0.46 0.33 ="~ 24-28/4 Risa - -

- - 0.59 - - - Charlottenlund - * -

-" - 0.7 0.25 Cutter filter Baltic Sea DK Bornholm

-" - 0.077 0.26 Grass Rise DK Zealand

-" - 0.068 0.38 -" - - -" -

-" - 0.061 0.38 -" - Vindinge - -

-" - 0.050 0.29 - - Tune -" -

- - 0.086 0.30 -" Himmelev - -

29 April 0.38 0.129 Air 28-29/4 Risoe -" -

- - 0.29 0.143 -"- 29/4 -"- -" -

-" - 0.082 0.134 Grass - -" -

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

-" - 0.062 - Grass Tylstrup DK N-Jutland
30 April 06.072 0.077 -" o Rise DK Zealand
1 May 0.109 0.038 - - -"- -" -

2 May 0.102 0.048 B - .- -

-" - 0.123 - - Ledreborg -" -

3 May 0.058 - - " - Grevinge - -

- - 0.068 - -" - s-Jutland DK S-Jutland
4 May 0.048 - -" - S-Halland Sweden

-" - 0.034 0.0088 Dandelion Rise DX Zealand

S5 May 0.040 0.0030 Air Rise - -

-" - 0.031 0.012 B Grass -"- - -

- - 0.043 - - - Smidstrup - -

-" - 0.73 - - - Arslev DK Funen
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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 higher 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 Bg 1311 p-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: 131I/137Cs in particulate air debris
was 3.840.66 (N = 5; +1 S.D.) on 27 April. On 5 May we found
1123.9 (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 1311 activity
from Chernobyl. Finnish measurements23) have shown that between
76 and 97% of the 1311 penetrated through the alass fibre filter
in Nurmiidrvi in the period April 29-June 30, 19R6. 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 952r and '4'ce the
95Zr/":‘nCs and 14"Ce/137Cs 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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Fig. 4.1.3.1. Iodine~131 in ground level air collected at Risg
in April~June 1986.
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The 1327¢/1311 3id 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 m? 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 '32Te/1371 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'4) found
an increase in the 1331/1311 and 132Te/131I ratios, and he con-
cluded that fission reaction had taken place again in the dam-
aged case. We were not able to detect 133 (Fig. 4.1.3.3) in
our air filters from Riss and Bornholm, but we found 1327e, g
shown in Fig. 4.1.3.4 the 1327¢/1311 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: 23%9p/'41ce (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/137Cs 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 141ce (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 95Nb/%52r 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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952¢ compared to 95Nb. The 95Nb/952r 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 1“Ce/9521: is as the 95Nb/952r also usually rather insen-
gsitive to fractionation, but again we notice a depletion of
952r 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
237y, These radionuclides were determined from their Y ~peaks at
277.6 keVv and 208.0 keV, respectively. In the Rise air filter
collected from 24 April to 28 April the time integrals were
1.82 Bg 239Np m~38 and 0.23 Bg 237y p=33 referred to April 26;
12.00. In the lorry dust sample from Brest in Ukraine the
239Np/‘37Cs 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 Riso filter, all ratios referred to April 26; 12.00. The
USSR22) has reported a 239Np/137Cs in the release on April 26
of 9.

We found that 239Np and '41ce behaved very similar in the vari-
ous environmental samples (lorry dust, air debris, dry deposit
and qrass) (Fig. 4.1.4.1). The dry deposition velocity of 239Np
on grass was higher than for 137Cs (Fiq. 4.1.4.2) and probably
also than for 132re (FPia. 4.1.4.3). However, 237y possibly
showed a higher dry deposition velocity than 239Np (Fig.
4.1.4.4).
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4.1.4.2. Longer-lived transuranics: Pu, Am, Cm. Some of the

more radicactive 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 u-
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
239,240py from the air integral: ~ 50 uBa m=3d received by the

first cloud from Chernobyl and the daily respiration rate 20
m=3a-1. This gives an intake of 1 mBqg 239,240py, The actual in-
take is lower because the air concentration is lower indoors
than outdoors. The dose from 1 mBg 239,240py is 0.03 uSv.

If we linmic 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:
238p,,239,240py = 0.5, 241pm/239,240py = 0,1 and 2420y /239,240p,
= 14. There is no systematic difference between the same ratio
measured in various samples, except for241Am/ 239'240Pu, which
probably (P > 95%) was lower in the lorry dust than in the
cther samples. The 238Pu/239'24°1>u and 242Cm/239'240Pu were re-
ported as 0.47 and 12.4 by the USSR22) 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 ccllected 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 20sr 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
905y m~2 and 63 Bq 90Sr m~3. The fallout rate in 1986 was 47
times that observed in 1985. The 90Sr mean deposition in 1986
was the same in Jutland as in the Islands. Although 90gy 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 single year since 1971.

Table 4.2.1.5 shows the 895r/90sr in precipitation samples from
1986. The mean was 13.5+45.2 (+1 S.D.; N = 26) decay corrected
to April 26, 1986. The USSR22) has reported a ratio of 10.
Finnish measurements33) agreed with our ratio. The 905y concen-
tration in rain water decayed in 1986 with an effective half-
life of 3 weeks.

Table 4.2.1.6 shows the %0sr in precipitation collected at Riseo
partly by the 10 m2 ion exchange sampler, partly in the 8 rain
bottles located at Rise and in the environment21). The total
sampling area of these bottles is 0.23 m2,

The mean concentrations of 90sr in the Rise rain samples were
in good agreement with that from the state experimental farms.
The deposition differed sianificantly between the two Rise
sample systems: the bottles collected 32 Bg m—2 (503 mm) while
the 10 m2 ion exchanae sampler gave 23 Ba m~2 (395 mm). In case
of 137cs (cf. 4.2.2) we found aqreement bhetween 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 8951‘/9081' in Rise rain (Table 4.2.1.7) was
13.0+44.5 (+1 S.D.; N = 5), i.e. in good agreement with the
countrywide mean. The 90Sx.'/137Cs ratio was significantly higher
in deposition than in air (cf. 4.1.2). Probably because the
rain samples did not reoresent the same air masses as the air
samples.

Table 4.2.1.1. Strontium-90 fall-out in Denmark in 1986 (Unit: Bg n")

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

mean
Tylatrup 7 130 410 9.0 5.6 2.9 1.52 50
Kale 8.0 (600) 75 15.0 5.7 5.5 (53)
Borris 1.01 5.1 (450) 33 9.9 2.5 0.50 (40)
Askov 830 430 154 39 4.8 2.41 88
St. Jyndevad J 7.1 500 65 13.9 5.0 1.36 56
Aarslev 7 2200 1030 51 30 6.7 4.9 180
Tystofte 9.9 970 51 6.9 1.10 .12 83

0.96

Ledreborg 7.8 340 3 8.3 3.1 0.82 36
Abed _ (7.3) 145 25 13.9 5.6 3.5 28
Bornholm 2.0 83 480 4 23 15.2 5.7 “
Weighted mean 1.08 320 480 55 16.2 4.9 2.4 63
% - 117 32 51 19 17 133 133

Table 4.2.1.2. Strontium-90 fall-out in Denmark in 1986 (Unit: Bq --2,

Location Jan-March April May June  July-Aug Sept-Oct Nov-Dec 1986
Tylstrup 7.8 22 0.16 0.72 0.30 0.23 3t
Rale 0.10 23 1.38 1.84 0.58 0.55 (28)
Borris 0.140 0.23 (29) 0,57 1.57 0.40 0.1 (32)
Askov 42 18.5 3.15 4.8 1.n8 0.46 70
St. Jyndevad 0.22 35 0.82 1.33 0.75 0.27 39
Aarslev 45 36 0.83 2.04 0.82 0.47 85
Tystofte o 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 0.20 17.3
Bornholm 0.188 3.7 15.1 1.65 3.3 1.34 0.68 26
Mean 0.126 10.0 24.5 1.04 1.91 0.65 0.32 38

values in brackets estimated from '37Cs data (Table 4.2.2.2) because the samples were lost.
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Table 4.2.1.3. Analysis of variance of 1n Bq 90sr m~3
precipitation, April-December 1986 (from Table 4.2.1.1)

Variation SSD £ 82 v2 P
Between months 164.623 5 32.925 30.380 > 99.95%
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 ln Bq 90sr m-2
precipitation, April-December 1986 (from Table 4.2.1.2)

variation SSD f s? v 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-89/5r-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 S 12
St. Jyndevad - 16 16 16
harslev : 12 15 7 9
Tystofte 12 ] 16
Ledreborg 14 - -
Abed 8 20 7 -
Bornholm - 25 13 15
Mean 1.5 17.2 9.2 15.3
1 8.D. 2.5 4.6 3.7 5.0
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Table 4.2.1.6. Strontium-90 in precipitation collected at Rise in 1986 i

Eight 0.23 m2 rain bottles

Month 10 m2 ion exchange sampler
Bq a2 8q n3 8q m~2 Bq m~3
Jan 0.007 0.18
Feb { 0.019 { 0.21
{ 0.017 { 0.66
March
April 0.4810.00 17.9:0.1 0.073 2.1
May 21.4 0.8 520 20 3.1 640
June 0.54:0.03 39 2 0.23 12.8
July 0.173'0.006 3.110.1 |
{ 0.29 { 2.9
Aug n.038 1.17
Sep 0.034 1.02
{ 0.076 { 0.72
oct 0.060 1.01
Nov 0.113 3.7
{ 0.052 { 0.47
Dec 0.015 0.41
1986 (395 mm) 23 % 58 (503 mm) 132 % 63

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

Table 4.2.1.7. Sr-89/Sr-90 in Riga rain 1986 (decay
corrected to April 26, 1986)

Month 10 m2 ion exchange Eight 0.23 m
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 137Cs 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 137cs m~2 (cf. also 4.5) and the mean
concentration was 1780 Bg 137cs m~3. Prom 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; *1
S.E.).

The 90Sr/137Cs mean ratios in May, June and July-Aug were
0.041%0.004 (t1 S.E.; N = 8), 0.01620.003 (%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 90S:'/':'”Cs was approximately 0.03.
This may, however, be a little too high for Chernobyl debris,
because the fallout background of 9OSr 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
137cs decreased with an effective halflife of approximately 3
weeks as also observed for 90sr (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 exchange
collector and 0.23 m2 or 1 m2 rain bottles) both gave a 137¢s
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 9°Sr:/"37Cs 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. sm precipitation at the State Experimental farms in 1986 measured in the fallout collectors

Location Jan~March April ]

ay June July-Aug Sept-Oct Nov-Dec 1986
until May 4 from May S t

Tylstrup 24 53 17 129 103 148 613
Kale Ak} 38 18 123 102 100 533
Borris 139 45 63 17 158 161 228 8n9
Askov St 43 20 124 226 192 798
St. Jyndevad 3 69 13 96 153 197 698
Aarslev 20 34 16 68 122 114 470
Tystofte 2¢ 39 19 87 136 76 477
96
Ledreborg 30 44 12 89 92 94 457
Abed 34 9t 21 154 14 80 617
Bornholm 94 45 N 36 140 (-] 19 553
Hean 117 32 50 19 1?7 132 135 602

Table 4.2.2.4. Radiocesium in precipitation collected at Rise in 1986

Month 10 2 fon exchange sampler 1 m2 rain sampley*!
Bq 137cs n-2 8q 137%cs m-3 Bq '37ca m-2 g 137cs m~3
Jan 0.01 A 0.3 A
Teb
} 0.0i9 G.74
March
April 0.48 (0.55) 18
May 740 (0.53) 17900 760 (0.57) 18500
June 28 10.52) 2060 30 {0.52) 2100
July 18.7 (0.52) 340
} 19.2 {0.50) 192
Aug 4.4 ) {0.51) 134
Sept 3.2 (0.48) 96
} 5.0 (0.44) 48
Oct 2.4 {0.47) 49
Nov 1.94 (0.44) 63
} 0.98 (0.59) 9.0
Dec 1.25 {n.45) 33
1986 800 £ 2030 £81s % 1780

*)July-Dec: 0.2) m2 rain bottles

Values in brackets are the ratios: !34cs/"37cs.
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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 131I/137Cs 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 1311/137Cs 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'z)

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

1986

2r-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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Fig. 4.2.2.4. Cesium-137 in precipitation at Risg in May-June 1986.
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The 132Te/1311 (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 measurements33).

A comparison between the yearly amounts of precipitation found
in the rain gauges used by the Danish Meteorological Institute9)
and the amounts collected in our rain bottles at the same ten
locations in 1986 showed a mean ratio of 1.06:0.09 (1 S.D.) be-
tween the two sampling systems.

The washout ratios (Bg m3 rain/uBg m3 air) calculated for Rise
was 60.5/28.6 = 2.1 for 20sr and 1905/1340 = 1.42 for 137cs
(Table 4.2.6). These values were somewhat higher than the usual-
ly observed washout ratio of 1.021) perhaps suagesting a more
efficient washout of Chernobyl debris than of aqlobal 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 Rise. 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.




Table 4.2.8. Tritium in precipitation collected at Rise in 1986

t 2 rain collector

10 m2 rain collector

n

Honth kBg m~3 kg m~2 kBq m~3  kBa m-2
Jan 0.038 4.6:0.5  0.175 2.5:0.2 0.095
Peb 0 - - - -

March 0.633 0.9°0.1  0.030 - -

April 0.025 1.8 0.2 0.045 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 3.4:0.1  0.048 7.1 0.0 0.099
July 0.055 1.6'0.2  o0.088 1.6:0.2 0.088
Aug 0.033 2.6%0.1  0.086 1.2'0.7 0.37

Sept 0.033 6.2'0.3  0.20 19.1:0.1 0.63

oct 0.059 0.7:0.3  0.04: 3.30.2 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 %2.2  1ro.866 4.2 £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: kBq m~3)

Date Tylstrup Jyndevad Bornholm
January B.D.L. 0.9%0.5 0.9:0.2
FPebruary -~ - -
March B.D.L. B.D.L. 1.0%0.1
April 4.2:0.2 3.0:0.1 0.9:0.3
May 1.2°0.0 1.4:0.0 2.0°0.1
June 2.2'0.1 2.9:0.0 2.6°0.1
July 1.6%0.3 1.7:0.1 2.4:0.2
Augqust 1.4:0.3 1.4:0.1 1.24°0.2
September B.D.L. B.D.L. 1.1:0.1
October B.D.L. B.D.L. 1.0%0.0
November B.D.L. 2.6%0.2 1.8°0.6
December B.D.L. B.D.L. B.D.L.
Precipitation

weighted mean 0.7 1.0 1.2

The error term is 1 S.E. of the mean of doudble
determinations.
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I t 4.3. Fresh water
1
!

4.3.1. Radionuclides in ground water

As in previous years”, 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 9°Sr, and tritium, analyses.

10°€ 12°E
Féretofte
57°N - 57N
(-
Hvidsten
[ 4
Feldbai
O
56°N 56°N
Fredericiao
]
550N | oneme
hy S 55°N
0 50 1oo| \ @’\““e
LLLVllllllem ISSON
|

10°E 12°F 15°E

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 8q 90sr m~3  kq ca m-3 kBg 3H m~3
Hvidsten March 0.034 B 0.070 B.D.L.
Feldbak " 57 0.035 1.1¢0.2
Remo - 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.
Hasseleo March 0.113 0.056 B.D.L.
FAretofte " 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 n.124 0.046 n.6

A sample of ground water from Maglekilde in Roskilde
contained 1.50 Bg 90sr m=3, 3.1:0.3 kBq 3H m~3
and 0.094 kg Ca m~3,

* Feldbak was not included in the geometric mean.

#*Arithmetic mean.

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

The median level of 20Sr in 1986 was compatible with the values
found since 1967 (cf. Fig. 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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from Feldbak have been in the order of 50-100 Bg m~3 in later
years. The arithmetic mean of 905y in Danish ground water in
i 1986 (excluding Feldbak and including Maglekilde) was 0.30 Bg
i m~3. The predicted mean (cf. Appendix C.I)'was 0.28 Bag m~3,

1

i ’ As appears from Fig. 4.3.1.3, the 905y 1levels in ground water
!
!

1.5TIllﬁT1V_|_r]ll|ll1|llTllllllllllll
o
o
o 10 -
€ o
& ° 0
g 05 o o
'- o 0 —
g o, o
00 o o (o]
[o) (o]
00 ILLLllllJll_l_l'lALLlleplPLlllllle_L

65 70 75 80 8 90 95
YEAR

Fig. 4.3.1.2. Median gy levels in Danish ground water, 1961-1986.
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Fig. 4.3.1.3. Strontium-90 in ground water at Feldbak 1961-1986.
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4.3.2. Strontium-90, radiocesium and tritium in fresh water from

Danish lakes and streams

The mean levels in 1986 were 9.7 Bg 905y m~3 in streams and 27.7
Bq 905, 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).

10°E 12°E
Bangsbo 4
S7°N | 57°N
56°N ] 56°N
% Ribe &
0
55N [~Hostrup se - | 55°N
B Halstedq +Senderse
0 5 ;\Mmindu‘"n/gen| s{:}v
0 100 LS 0
ILAALIAAL_J#]km ’ Lésa SSN
| 1 ’
10°E 12°¢ 15°E

Fig. 4.3.2.1. Sample locations for fresh water from Danish
streams (&) and lakes (s¢g).




- 89 -

Table 4.3.2.1. Strontium-90 in Danish stream water collected
in 1986.

Stream Date Bg 905, p-3 Date Bq 905y -3
Bangsbo & June 11 7.4 Oct 14 7.3
Gudeni May 27 12.4 Oct 14 5.6
Skjern & May 28 9.5 Oct 15 8.2
Ribe & May 28 9.5 Oct 2 4.1
Odense & June 3 9.8 Oct 1 4.1
Susi May 21 15.6 Oct 17 13.0
Halsted & June 4 14.5 Oct 2 9.5
Las & May 23 17.6 - -
Mean 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 905y 1evels
in streams decreased by a factor of 1.740.60 (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 905r concentrations from June
to October.

In case of 137Ccs (Tables 4.3.2.3 and 4.3.2.4) the mean level in
streams was 18 Bqg m~3 and in lakes we found 66 Ba m~3. The 134Cs/
137¢cs 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 137¢s
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 '37¢s concentrations was more rapid than
that of 30sr. Streams showed a more rapid decrease than lakes.
The difference between 20sr and 137¢s 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 Ra 05y m~3 Date Bq 905y m-3
Norsse June 11 47 Oct 14 38
Mossoe June 11 13 Oct 16 14
Flynderse June 11 22 Oct 15 19
Hostrupse June 10 55 Oct 2 56
Arreskovse June 12 34 Oct 1 18
Arrese June 9 22 Oct 13 23
Senderse June 4 24 Oct 3 6.6
Almindingen se  May 22 26 - -
Mean 30 25
Relative S.E. 16% 24%

SRPPOREEUIUISUTIS W ——
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Fig. 4.3.2.2. Strontium-90 concentrations (41 S.E.) in
8 Danish Streams and 8 Danish lakes collected every second

year since 1971.

Stream Date Bq '37cs m=3  134cs/137cs Dpate Bg '37cs m=3 134¢s/137¢s

Bangsbo & June 11 6.4 A - Oct 14 B.D.L. -
Gudend May 27 53 0.56 Oct 14 8.3 n.55 A
Skjern & May 28 25 0.59 Oct 15 4.2 A -

Ribe & May 28 37 0.64 Oct 2 7.6 nN.44 8
Odense A June 3 37 0.60 Oct 1 14.0 0.51 A
SusA May 21 44 0.58 Oct 17 mn.n N.52 A
Halsted A June 4 15 0.58 Oct 2 3.1 8 -

Las & May 23 12 0.69 - - -

Mean 29 0.61 7.9 0.51
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Tahle 4.3.2.4 Radiocesium in Danish lake water collected in 1986

Lake Date 8q 137(:8 m-3 13‘CS/‘37C5 Date Bq 137¢cg m—3 13‘CS/137CS

Norsse June 11t 145 0.54 Oct 14 97 0.47

Mosse June 11 4?2 0.68 Oct 16 10 0.36 A

Flynderse June 11 130 0.51 Oct 15 38 n.56

Hostrupse June 10 108 0.55 Oct 2 34 0.48 i

Arreskovse June 12 32 0.44 oct 1 3.3 0.60 B !
|

Arrese June 9 76 0.55 Oct 13 40 n.21 i

Senderse  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 3g m-3 Date kBa u m-3
Bangsbo & June 11 1.8+0.1 Oct 14 2.2:0.1
Gudend May 27 2.4:0.3 Oct 14 1.7+0.1
Skjern & May 28 2.3+0.1 Oct 15 1.7+0.0
Ribe & May 28 0.8:0.3 Oct 2 1.5%0.1
Odense & June 3 1.2:0.0 Oct 1 1.4:0.2
Susi May 21 1.7+0.1 Oct 17 1.740.1%
Halsted & June 4 0.9+0.3 Oct 2 1.5%0.1
Las & 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 drterminations.
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Table 4.3.2.6. Tritium in Danish lake water collected in 1986

Lake Date kBq 3H m-3 Date kBa 34 m~3
Norsse June 11 1.2:0.0 Oct 14 1.6%0.2
Mosse June 11 1.3+0.0 Oct 16 1.5+0.3
Plynderso 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 1.020.2 Oct 1 B.D.L.
Arrese June 9 1.6:0.1 Oct 13 1.8:0.2
Senderse June 4 1.4:0.1 Oct 3 1.840.3
Almindingen se May 22 1.70.2 - -
Mean 1.34 1.1
Relative S.E. 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 90Sr level was 2-3 times higher 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. Strontium-90, Cesium~137 and tritium in drinking water collected
in June 1986

Zone Bgq 905y -3 Ba 137cs m-3 kRq 39 w3 kq 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
Irf: wW. Jutland 0.95 0.03 B B.D.L. 0.055
Iv: S. Jutland 0 B 0.37 A B8.D.L. 0.081
\'H Funen 0.1 A 0.61 B.D.L. ¢.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 n.14 a n.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
Fyrholm 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 Barsebidck in the Sound, and at Ringhals in
the Kattegat (Table 4.4.%). 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 hogted 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 1is in
aggrement with the distribution of the first radioactive cloud
over Denmark from Chernobyl (Fig. 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)
137cs from Chernobyl amounted to 86% of the total 137Cs activity
in the surface water, but only to 29% of the '37cs 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 that
time 80% of the '37Cs in surface water was from Chernobyl and
698 of the '37Cs in bottom water.

In Nov 1986 (Table 4.4.3) 72% of the 137¢cs in surface water and
68% in bottom water came from Cherncbyl. 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 137¢cs
inventory in the Duanish Straits found prior to the accident
(Fig. 4.4.2).

Tables 4.4.1 and 4.4.3 and Fiqg. 4.4.1 furthermore show that
Chernobyl did not contribute measurable to the 90sr 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)”. It has also become meaningless to relate the
137cs activities in the Danish Straits to the salinity (cf.

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

Table 4.4.5 shows that the mean 137¢cs concentration in the
central North Sea (~540~59°N and ~ 0°-8°E) in February was
47+26 Bg m~3 (#1 SD: N=11). In June we found: 104*18 (+1 SD;
N=7). The 134cs/137Cs in the June sampling suaqaested that 35%
of the 137Cs at that time should have come from Chernobyl. The
increase from February to June was however greater probably
because the 137Cs 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 Cattegat. From June to December

the concentration of !37cs decreased by a factor of 2 and

the contribution of Chernobyl 137¢s changed from 99% to 74%
reflecting the vertical mixing of the activity.

150 rrrrryvyrryrrirryyr i ivrrrriyrvrTa
o Surface 14
v Bottom
'E 100 B 'V 1
3
8 S0t AR AR .
0 F I S N U I I T N ' OO I T ' T A T N U N |
75 80 85 90 a5
YEAR

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

in inner Danish waters 1972-1986.
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In the German Bight the mean '37Cs in April 1986 was 22.6+6.0
(+1 SD; N=10). Half a year later in October we found 60+28 (+ 1
SD; N=8) The 134Cs/137Cs at the two samplings was 0.076+0.050
and 0.28+0.12 respectively. In April the 13"‘Cs/137Cs indicated
La Hague radiocesium, but in October the Chernobyl signal was
evident. If we assume that the "pre-Chernobyl"™ radiocesium

The Cattegat

56°N 1 56°N

30’ 30’
o A
o

55°N 55°N

The Baltic Sea
. -~
R A
11°E 12°E

Fig. 4.4.3. Sea water locations around Zealand.
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Table 4.4.1. Radionucliles in sea water collected around Zealand in May 1986

pDate in Position X
Location May nepth 905, 137cg 134cg/  salinity
N € in m Bq m=3 Bq m~3 137ca n/00
Kullen 3N $6015°  12025* 2 21.7 159 0.48 18.7
- 25 e 49 0.07 38.2
Heaselo 29 56910' 11047* 2 19.6 140 0.43 18.7
- 23 - 40 o 34.5
Kattegat SW 29 56707°' 11910°* 2 22.9 156 0.45 18.6
- 34 bl 41 1] 34.1
Asnas tev 29 55039 10°46° 2 25.2 157 0.46 17.7
. » 41 - 40 0.03 33.7
Halskov cev 29 55023' 11903° 2 24.8 173 0.43 17.6
» - 24 = 43 [ 13.1
Langeland balt 29 54952 109s50° 2 24.8 189 n,.48 4.4
" - 19 - 61 0.24 31.0
Femern Dalt 30 54036 11904° 2 21.4 243 0.51 14.3
. - 25 - 13 0.29 29.3
Gedser odde 30 54028' 11959° 2 20,2 55 0.37 8.3
- d 17 16.1 38 9.12 24.2
Moen 30 54057' 12041° 2 19.4 89 0.45 B.0
» 21 16.9 104 0.48 10.0
The Sound -~ South 30 55025 12034° 2 13.6 53 0.45% 8.2
" . - 13 13.6 124 0.139 14.4
The Sound ~ North A 31 55048°' 12044° 2 21.4 147 0.45 17.7
- - - 18 - 46 0.14 33.4
The Sound - North B N 55059 12042 2 20.4 157 0.47 19.4
i bl " 26 - 51 9 33.5
Mean Surface 21.2 143 0n.45 15.1
8.b. 3.2 54 0.03 4.5
S.E. 3.9 15 0.0t 1.3
Mean Rottom 15,5 59 0.1 8.9
S.0. 1.7 28 n.16 8.3
S.E. 1.0 8 0.05 2.4

-
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Position

Location Date Depti 137¢ca 134ce/ Salinity
in Aug, N E in a Bq m-3 137¢q o/00
Kullen 25 56015' 12025° 2 108 0.39 18.5
- 23 77 0.27 31.7
Hessels 25 56910'  11047" 2 115 0.3 19.5
hd 24 20 0.34 31.8
Kattegat SW 27 56907' 11910° 2 101 0.43 4.7
- 38 B35 0,36 30.0
Asnns rev 27 55939' 10°46° 2 86 0.41 19.4
. - 3 77 0.33 20.7
Halskov rev 26 55923 11903 2 95 0.38 14.7
ol - 23 91 0,38 26.2
Langeland balt 26 54052' 10950° 2 100 0.43 17.2
" " 4 95 0.34 25.3
Femern b=zlt 26 54036 © 11004°* 2 M 0.237 13.4
. " 26 103 0.35 22.9
Gedser odde 26 54028' 11059° 42 0.38 8.7
. . 17 98 0.38 18.2
Moen 26 54057 12940 2 L2 0.39 7.9
- 22 68 0.35 11.1
The Sound - South 25 55025 12036° 4?2 0,32
hd b hd 16 43 .28 .
The Sound - North A 25 55948°' 12044 2 72 0.35 14.9
. * i 19 80 0.38 24.9
The Sound - North B 25 55059' 12042° 2 a1 0.43 17.6
o hd " 27 66 0.29 31.8
Mean Surface 183 0.39 14.6
$.D. 28 .03 4.3
S.8. 8 0.01 1.2
Mean Bottom 41 n.34 24.3
8.D. 17 3.04 7.8
S.B, S a.at 2.3
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Table ¢4.4.3. Radionuclides in sea water collected around 3ealand in November 1986

position

i
3 Location pate Depth 90g¢ 137cy 1Mca/  salinity
' in Nov. N e in m Bg n~3 Bgm3  137cs o/00
i Kullen 19 56015°  12025° 2 21.2 49 0.32 t2.0
1 - 24 95 0.27 32.0
: Hessel® 17 56916'  11947° 2 84 0.32 22.0
- 24 15.7 93 0,29 28.8
Rattegat SW 17 56%07° 11°910° 2 94 0.29 23.4
" ) 38 15.3 97 0.31 27.8
Asnas rev 17 55939' 10°46' 2 87 0.34 20.2
- " 43 16.4 89 6,31 26.7
Halskov rev 17 $5923' 11903’ 2 76 0.33 16.0
. " 23 18.1 80 0.31 18.5
Langeland bait 18 54952' 10°50° 2 82 0.35 15.8
- - 31 88 0.35 17.2
Pemern balt 18 54°936' 11°04° 2 25.0 10 0.35 14.0
- . 12 91 0.34 22.0
Gedser odde 28 54028 11959 2 58 06.33 12.2
- " - - - -
Moen 28 54957 1241 2 19.5 40 0.3 9.6
- - - - -
The Sound - South 18 55925 12°36' 2 51 0.30 12.3
.- . 14 17,5 $1 0.32 12,3
The Sound ~ North A 19 55048 12044° 2 a 0.33 10.1
. - . 18 95 0.28 30.6
The Sound - North B 19 55959  12942" 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. 43 20 0.02 4.7
S.B. 2.1 6 6.01 1.4
Mean Bottom 16.6 a7 g.31 24.8
S.D. 1.2 14 0.03 6.9
S.E. 0.5 4 0.01 2.2

A
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in 1986 (unit: k8q m=3)

Position
Location Nepth May Nov
N g inm

Kullen $6016"  12025° 2 4.80.0 -

l 24 2.0t 0.0 -
Hesselo 56010 11047 2 3.9¢0.4 2.7t 0.1

- 23 2.4 0.3 2.%0.8
Kattegat Sw 56907' 11910° 2 2.7¢0.3 2.4:0.1

- 34 8.0.L. 1.660.2
Asnas vev 55039* 10°46°' 2 3.90.4 3.420.2

- hd 41 B.0.L. 2.260.1
Halskov rev 55023' 11903’ 2 1.90.7 3.200.2

- . 24 B.D.L. 3.30.1
Langeland balt 54052' 00s0° 2 3.1t0.2 3.2¢0.2

- . 19 B.0.L. 3.0t0.2
Femern balt 54936° 11904’ 2 3.¢0.1 3.8:0.0

. . 25 1.060.3 1.9 0.1
Gedser odde 54028' 119s9° 2 4.0t0.5

o . 17 1.920.1
Moen 54057' 12041 2 5.1 0.5

hl 2) 4.000.1
The Sound - South 55025 12936° 2 4.701.0 4.120.0
o hd hd 13 5.4:0.0 4.30.4
The Sound - North A $5948' 12044° 2 5.7t0.6 5.0t0.1
" " ol 18 1.6:0.1 1.1: 0.6
The Sound - North B 55959' 12042’ 2 2.3:0.0 1.30.5
* . * 29 1.8 0.1 4.120.3
Nean Surface 3.8 3.2
8.0. 1.2 1.0
S.EB. B 0.3 0.3
Mean Bottom 1.7 2.6
8.0. 1.7 1.1
S.E. 0.5 0.3

The salinities are shown in tables 4.4.) - ¢.4.3

The ercror term is *1 S.E. of the mean of double Jeterainations.
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Table 4.4.% Radionuclides in sea water

the Baltic Seas in 1986.
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cullected in the Danish Straits, the North and

ontoversie UL e g gy e e g P
Worth Sea/Dana 1 $7010' 6920'e  20/2 0 35.0 - 30.9 - - BDL
. LI ] 57044' SO16'E  19/2 [ 35.2 - 27.6  0.0318 - BDL
- LI 58°08' 4°s6'E 1972 [ 35.2 - 25.9 - - oL
. L 58%48° 2°50'e  18/2 [4 35,3 - 11.0 - - BDL
- .- " §7938° 12't 18/2 [} 13.4 - 53.6 - - BOL
- . . $5910' @C17'E  11/2 0 34.7 7.17 90.2  0.037 - BOL
. LI 54926’ 4°36't  10/2 [ 34.6 - 89.2 0.033A - BOL
. LI 54014* SO ‘e 9/2 0 34.5 - 66.3 - - 8pL
. LI $7905°  7023'3e  4/2 (] 35.1 - 38.4  0.0388 - 8pt
. L 58005° 3030't  19/2 0 34.8 7.90 38.1  0.0)9 - 8DL
. LI 55006 €°09'E  19/2 [} 4.5 - 41.9  0.070A - 8oL
8altic Sea/Dana 2 5S18° 15958’ 18/3 [4 7.6 6.7 11.9 - - 4.5¢0.2
. . " 53922' 14%37'e  16/3 ] 7.8 - 12.7 - - 4.420.4
. LI 55951' 18°22°e 16/3 0 7.5 - 13.3 - - £.6+0.0
Danish Straits/Dana 3 56016' 12°21's  21/3 0 9.3 - 4.2 - - -
. . . 56059' 12002°'t  21/) 0 4.8 25.8 24.2 - - -
- . . $7022° 10946'8  21/3 0 t4.8 - 19.2 - - -
. . - $7032' 11931'e 21/) 0 17.4 - 24.9 - - -
. . . §7048° 10°352°'E  22/) ] 30.0 - 35.2 - - -
Garman Bight/Dana 4 55°00' 8°16'E  29/4 [ 30.6 - 15,7 0.040A - -
. . . 55000' 7°58°'E  29/4 [} 31,5 26.0 19.7 - - -
. . . 55000' 7936’ 29/4 0 32.0 - 19.0 - - -
- - . 55°00' 7°13's  29/4 0 33.0 22.0  ‘ 19.9  0.086 - -
. . . 55000’ €°50°'E  29/4 [ 3.2 - 35.6  0.064A - -
. . . 53056°  €9%50°'t  29/4 [4 31.8 20.8 21.6  0.145 - -
. - . $4001°'  £O%0E 29/4 0 32.4 - 18.9  0.124 - -

I —
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Posit

ion

Location/Cruise Date neptn Salinity 908r  137ca 1Mcay 99pc 34

N Eor W ira  ofoo 8q a~3 agmd 137Cs  ag m-? kag m-3
German Bight/Dana 4 54°12' 70282 30/4 [ 32.6 16.2 22.2 0.114 - -
- M . 54020' 6950°'t  30/4 [ 33.6 - 22.7  0.104 - -
. . - 54931 §930'®  30/4 ? 3.8 12.7 30.4 0,083 - -
parseblck $5045° 12053'e  30/5 2,5 16.7 22,7 147 0.48 - 2.740.2

- 4 - . 19 32.8 - 4.8 0.8 - 1.040.4
Sornhole East 55905° 15909% 22/5 ] - 19.% 30.6  0.29 - -
Anholt 56040' 12%06'c  10/6 4 .4 12.8 9.4 0 - -
Ringhals 57915* 12004'€  11/6 2.5 19.7 - L2 0.47 - -

* . . - 20 32.4 - /6 0.33 - -
Lase 57919 11907'  11/6 2.% 24.7 16.5 115 0.44 - -
Lase 57018° 10956'2  11/6 0.5 19.8 - 141 0.45 - -
Lase 57920° 11024’ 11/6 52 34.0 1.6 $2.5 0.19 - -
Anholt 56043° 11930'E  12/6 2.5 19.2 - 130 0.46 - -
Hesaele 56912' 11042'e 12/6 2.5 1", 313.3 135 0.45 - -
Hessels $6°10° 11048' 12/6 27 u. - 39.9 )] - -
Rise 55042 12005'8 12/5 2.5 1.1 13.6 207 0.46 - -
Kiint 55050° 11935°'E  20/6 [ 16.0 - 168 0.51 - -
Klint . . 15/7 0 19.4 - 140 0.40 - -
Klint - . 14/8 0 17.1 - 98 0.44 - -
Klint . - 15/9 0 22.2 - 1”2 0.34 - -
Klint . - 15/10 0 22.6 - 105 0.36 - -
Klint . . 1w [ 22.6 - 100 0.3¢ - -
Klint . . 15/12 (] 3.8 - 86 0.13 - -
North Sea/Dana $6004°  8008'E 13/6 [ 4.3 - 86 0.17 - -

. . . 56201 20308 31/% 0 .7 1.1 98 0.21 - -

~

vy
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% Table 4.4.5 Continued
%’ Position
H Locatinn/Ceuise pate Depth Salinity 90sr  137cs  13dcgs 997c 4
‘ N Eor W ina o/oo 8q 273 By m=) 13cs Bg w3 kig a-d
North Sea/Dana $6930'  2930'E  31/% ) 4.9 - 108 0.25 - -
- . - 55059'  5021'E /6 [ 34.5 14.0 136 0.2¢ - -
- .. $5930° 1937'e  1/§ 0 4.3 - 89 o.Nn - -
- - - 550311 1951 10/6 Q 34.2 1.0 9% 0.1 - -
M . 56926  6°23'e  4/6 [} 4.5 - 15 6.20 - -
Nystsd S4040' 11084'E 5/8 [ 1.9 - 81.6 0.39 - -
Cattagat/Dana 57922° 10946°'T  24/10 [ 22.3 25.9 98 0.33 - -
- . 56014° 12022'e  23/10 [] 21.7 - 100 0.34 - -
- - 560940° 12007°'E  23/10 0 23,2 15.7 106 0.36 - -
- . 56°10' 11%20'8 23/10 a 1.3 - 92 9.35 - -
. . 57912 11940'E  23/10 ] 25.7 12.3 103 0.33 - -
- . 57033' 11931 22/10 [ 33.2 24.6 9 0.29 - -
- . 57052' 11919'e  22/10 [} 33,0 13.9 93 0,31 - -
- . 57000' 12%3°  23/10 a 4.5 - 102 0.34 - -
German Bight/Dana 55000'  69%0°%  27/10 a 34.0 16.9 28 0.26 - -
. . . 54008'  §0SQ'E  28/10 0 34.0 13.0 69 0.12 - -
- . - 55900'  1932°'g  27/10 [ 33.4 130 30.8 0.30 - -
. . . 55%00°'  8215'g  27/10 0 29.9 13.0 103 0.47 - -
. . - 5304%*  6053's  20/10 0 32.1 16.4 37,2 0.21 - -
- . . §5900°  71236't 27/10 0 32.3 17.4 54.2 0. - -
. . . $5900' §°27'c 27/10 0 33.7 19.3 741 0.14 - -
. . - $5900°'  7957'v  27/10 [} 30.9 19.1 48.4 a.41 - -
Danish straita/Gauss  $694S’ 1190’2 15/10 4 4.3 22.9 100 0.32 1.26 -
- . M 57000' 1200a’e 15/10 4 23.3 1.7 106 0.5 2.10 -
; . - - 57080°* 12000't 15/10 40 2.7 - 84¢ 0.35* 1,15 -
j - . . 56030° 11030'E 15/10 40 22.6 - 95 0.39°  1.00 -

S ibes
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Location/Cruise Fosition Gate Depth Sslinity 30sc, 'Y7ce, 13dce/  _,
" Eorw inm o/foco Bqm? Bgam” Cs kdq =

Danish Straits/Gauss 56°30* 12°00'c 16/10 4 21.9 17.2 27 0.36 1.2 -
. . . 55017 12033°'®  16/10 4 8.2 19.5 33.4 0.24 -~ -

Baltic Sea/Gauss §5034° 13909'E  17/10 . 7.7 9.4 37.t 0.35 0,040 -
" . - . . 17710 ~50 10.0 - 36* 0.36* 0,160 -
. . . - . 17710 ~70 13.86 - 43 0.30* 0,160 -
- . - $7900° 17°30°'e 17/10 4 6.8 20.6 265 0.51 0.017 -
- . - . . 17/10 4 6.8 - 259¢ 0.52*  0.05% -
. . . . . 17/10  -S0 7.3 - §5¢ 0.45¢  0.03! -
. . " . . 17710 90 7.5 - te 0.11*  o.028 -
. . . 58953'  19950°'E  18/10 4 6.4 271.7 183 0.51 0.016 -
. . . . . 18/10 S0 7.1 - 132 0.53*  0.025 -
. . . . - 18719 130 9.1 - 1 0.10*  0.06) -
. . . 58043' 18°30°E  18/10 4 6.0 29.5 449 0.42 0.043 -
- . . . . 18/10 20 .9 - 160 o 0.072 -
. . . . - 18/10 %0 10.2 - 19+ [ 0.049 -
- “ . e1. 19%.0.  21/10 4 5.9 7.4 963 0.51 0.047 -
. - o . - 21/10 120 7.2 - 152« 0.47*  0.055 -
. . . . . 21/10 240 7.4 - v0° [ 0.041 -
. . . 61930 17°59'e  22/10 4 5.9 9.1 592 0.50 0.082 -
. . . €2°40' 199332  23/10 4 5.8 27.2  s523 0.52 0.038 -
. . . . . 23710 -s0 5.8 - 64 0.54* 0,069 -
. . . . . 23/10 ~130 6.8 - 60% 0.47%  0.069 -
. . . €490%' 21°56'®  23/10 [ 3.6 21,2 V2 0.48 0.183 -
. . . . . 23/10 90 4.2 - 370 0.46%  0.054 -
. " . 64%44°  23%06'E  24/10 4 3.7 20.2 152 0.51 0.036 -
. . . 62°00° 20°30°'t 25/10 4 6.0 2.0 ™ 0.50 0.036 -
. . . 61904° 19%42°'e  26/10 4 6.0 - 550 0.46 0.033 -
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Table 4.4.5 Continued
Locat son/Crul Position

ation/Cruise pate Depth Salinity %0sr  137ce  134cy 99re 3n

N Eorw inm /00 8q a~3 Bq m-? ”7c-/ 8qg m-3 k&g m~3

Baltic Sea/Gauss 61004® 19942'2 26/10 80 - - 104 0.46* 0.023 -

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

. - . 60°10° 26°33'E  28/10 4 5.5 26.7 399 0.50 - -

. . . $9930* 23°20'E  30/10 4 6.9 20.5 85.2 0.43  0.039 -

. - . 56905 17%42'e /11 4 7.4 20.3 38.0 0.31 - -

. - . . - 1 se - - 21 0.27* 0.073 -

. . . 54%48° 19919  1/11 4 7.5 21.4 2.9 0.37 - -

. . . - - /11 100 - - 22 0.19*  0.140 -
Barseblick 55045° 12952'c 19/ 2.5 9.9 - 43.4 0.34 - 5.140.2

- - . [E7ALNENRT ] 23.8 - 18.9 0.28 - 2.540.2

*Analysed by German Rydrographic Institute.

background is given by the April sampling and that this back-
ground still exists in the October samples we may calculate
that the 137cs from Chernobyl in October was 60 - 22.6 = 37.4
Bq m-3 and the 134Cs 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 137¢s 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 Ba '37cs 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 '37cs m™3. The
concentration varied a factor of nearly 30. The highest levels
were found in the Gulf of Bothnia around 59°-62°N and 18°-20°E.
The lowest concentration were seen in the southern part of the
Baltic Sea. The 134Cs/137Cs showed that nearly 100% of the
137Cs seen in the Baltic samples came from Chernobyl.
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puring the Gauss cruise in the Baltic we filtered eleven large
volume (2-3 m3) sea water samples through a millipore (0.45 ym)
cartridge filters and determined the particulate y-emitters and
plutonium and americium (Table 4.4.6). Radiocesium and 110mpq
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 high
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/o00).
The 11OmAg/137Cs ratio in particulate matter was inversely
proportional to the particulate fraction of 137¢s in the sea
water. If we calculated the percentage of particulate 11omAg
compared to total 137Cs in the sea water we got a mean of
(0.231;0.09)x10‘2 (+1 8.D.; N=9). This may be compared with the
ratio found in Chernobyl debris which is 5-10 times higher.

We assume that 11omAg is mainly present as particulates and
that most of it has sedimented. This means that the surface
water is depleted with respect to '10MAg compared with a soluble
nuclide such as 137ce. 1f 137Cs to a large extent had been as-
sociated with particulate matter we would have expected the
110mpaq/137cs in particles to have shown a ratio with a siqnifi-
cantly smaller relative standard deviation than that found be-
tween 110”Ag and total 137Cs in the water: we found relative
SD's of 1108 and 41%, respectively, for the 9 samples. Three
sediment samples (cf. Table 4.6.2) from the Gauss cruise con-
tained '10Maq in the 0-3 cm layer. The mean ratio between '10Mag
and Chernobyl-derived '37Cs 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 11°mAg and 137Cs in the surface water. This supports
our hypothesis that most of the 11omAg has sedimented. Five
1.8 m3 samples of Baltic surface sea water from the Gauss cruise
has been analysed for 24'am. 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 242cp,
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4.5. Strontium-90 and radiocesium in soil samples

In order to determine the total fallout of 90sr, 137cs and
134¢g 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 x5 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 em (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. So0il collected at the 10 state experimental farms
in May 1986. 0-5 om layer. (Unit: Bq m~2) (untreated soil samples)

Location 103y 1314 134¢, 137¢q 140y, Date in
May

Tylstrup 970 620 340 90 167 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
Tornbyqgérd 1120 890 290 610 220 22
Mean 1940 1690 600 1390 600

Rel. S.E. & 21 23 22 18 36
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Table 4.5.2.1. Soil collected at the 10 state axperimental farms

15-17 September 1986. 0-10 cm layer

Location 90g, 103g, 106g, 1dcy  I7cs  gatimated (from Calculated

_____ _ — deposition data) Chernobyl ¥37cq
Cheenobyl 90sr (134¢e/137cs « 0.48)
Bq m~2

Tylstrup 173 - - 310 1030 n 650

Kale 300 500 980 A 780 4400 (26) 1620
Borris 250 280 - 420 1750 (3 880

Askov 30 1530 2500 1820 4300 70 3860

St. Jyndevad 180 370 750 500 1940 38 1040
Acslev 230 600 - 970 2400 83 2000
Tystofte 153 300 8 - 390 1230 40 810
l.edreborq 170 490 980 A 630 1650 t6.4 1310

Abed 18% 370 - 400 1380 16.7 830
Tornbyaldrd 185 220 A - 300 990 25 620

Mean 214 - - 652 2110 37.7 1356

Rel, S.E, 8 8 - - 22 19 19 23

Table 4.5.2.2. Soil collected at the 10 state experimentsl farms
15~17 September 1986. 0-10 cm layer

Location 90gy 103, 106g, 134 137c, 40y
Bg kg~! 9 kg!
Tylatrup 1.59 ~ - 2.8 9.5 12.8
Kale 4.8 7.8 15.3 12.2 69 10.1
Borris 2.5 3a - 4.7 17.% 9.8
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 - 9.2 24 16.7
Tystofte 1.54 3.08 - 3.9 12.3 17.8
Ledrehora 1.96 5.6 1.3 A 7.2 19.0 18.2
Ahed 1.97 3.9 - 4.2 14.7 16.6
Tornbygicd 2.1 2.5 A - 1.4 1‘_.0 8.4
Mean 2.37 7.2 24.2 14.0
Rel. S.B. § 13 23 25 9

-
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Total Deposition from Chernobyl by
September 1986

3 -2
59°N | Bq *Csm? ] son
13
Bq %0Sr m-?
i 4 (Calculated Values) -
SEON feleast E, { se°N
57°N 57°N
56°N S6°N
550N 559N
549N SN
Py
N\ .
53N S U 53N

7°E  8°F 9°%E 10°E MPE 12°E 13°E W°E 15°%E  16°E

Fig. 4.5.1. The deposits of '37cs and ?%Sr from Chernolyl at the 10
State experimental farms in Denmark by September 1986. The error terms
for 37cg are 1 S.E. of the mean of the s0il measurements in September
and of the soil measurements in June plus the fallout from June to
September. The 137(:3 contribution in soil samples were calculated from
13‘(:3 measurements and the 13*:5/137(:- ratio of 0.55 at April 26, 1986
in Chernobyl debris. The Sr-90 deposition was based upon precipitation
samples only.
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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  ang
134cg in precipitation samples from the state experimental
farms first started May S, 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 '37Cs deposition from 90sr
data assuming a 137Cs/%0sr ratio in Chernobyl debris of 26.3,
i.e. the ratio observed in May {(cf. Table 4.2.2.2). The mean
ratio: Bq '37cs m=2 (precipitation by 1986)/Bq '34cs m~2/0.48
{soil in September 1986): 0.84:0.30 (+1 S.D.; N = 10); (0.48 is
the 134Cs/137Cs ratio in Chernobyl debris in September 1986).
Half of the stations showed a significantly higher Chernobyl
137¢cs in the soil samples than in precipitation: Kale, 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 furnels 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 '37cs 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
903y and 64% for '37Cs. The relative high Chernobyl contribution
for 90sr compared with 137¢s reflects the fact that global fall-
out 90sr migrates more rapidly than 137¢cg @-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 134Cg 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 103Ru there was no significant difference between
the 0-5 cm and 0-10 cm sample sets.

The 103ru/134cs ratio mean (decay corrected to 26 April 1986)
was 5.79+40.33 (+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).

Kolding

oGabel o,

Sender Vilst:
Rangstrupe

o
Ceeremenna, Hokkerup

Pig. 4.5.2. Special soil sampling in South-Jutland in 1986.
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Table 4.5.3.1. 8o0il collected 15-17 September 1986 in South-Jutland (0-10 cm layer)

Location 90s, 103y, 106py 134cs 137cy Calculated
C nob!
(?Sfc.,¥37c. = 0.48)
8q a2
Hokkerup 2680 670 1010 A 1336 4200 2800
Sender Vilstrup 230 430 - 770 2100 1600
Gabel 500 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.E. % 14 18 18 17 18

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

{untreated soil, cf. text)

Location 103y 106g, 134 137¢g Calculated
Chggnobyl 137¢q
(13ce/137cs = 0.48)

Bq m2

Rokkerup 650 1530 1450 3600 3000

Sender Vilstrup 360 780 800 2000 1670

Gabel 1000 2300 2500 5300 5200

Rangstrup 990 2100 2300 5t00 4800

Styding 670 1650 1480 3200 3100

Mean 730 1670 1710 3800 3600

Rel. S.B, & 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 *1 S.D.

T Without At 26 April _ Number of s of 137cs
decay 1986 results by 26/4
9Sub/ 134cs 0.66:0.30 2.66:1.21 144
103gu/134cy  0.71:0.12 7.42:1.25 12 400
106y, 134cs 1.29:0.32 1.48+1.37 80
93r/134¢cs  0.20 0.85 46




- 115 -

From Table 4.5.1 we find a countrywide mean ratio in the 0-5 cm
soil layer from May 1986 of 4.89%0.74 (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 7.79%1.04 (*1 S.D.; N = 9). It thus seems that 134cs
has not penetrated as deep as 103ry 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 '34cs 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 134¢cs has to be determined on an enhanced back-
ground of naturally occurring radionuclides in sediments. This

S2E SEE 12°F 4'E S6'E 12°F 4L'E  8E
oo

55058'N ' 55948'N

55956°N 559%6'N

55954'N 5504'N

55052'N 550%2°N

55950'N | I 55°40°N

. 2 ssoien LV L s5038N

5000 m

Pig. 4.6. 1. Roskilde fjord.
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table _4.6.1. Sediment samples collected in the Danish Strafts in 1986

Location Date Depth Sediment '37ce 137, 134ce/137cs  V34cq Mgy g K kg~!
" B tnm layer  8q kg"! 8q a2 Baq kg™t Bq -2

in cw dry dry

34°36' 11904 Aug 26 2 -3 1€.7 280 - - - 13.0
3-¢ [X) 129 ~ - - 15.%
§-9 3.3 70 - - - n.s
9-12 1.6 3} - - - 1.9
12-14 .08 . p - - - 21n.s
0-14 £ 837

$5923'  11903'  Aug 26 2% 0-3 4 270 c.108 “52 2608 F1N)
3-6 20 210 - - - 21,8
6-9 6.2 6 - - - 2t.?
9-12 2.4 A FT - - - 1.9
12-14 0.9 8 us - - - 21,0
0-14 £ 638 I 26

55023*  11%)*  Nov 17 24 0-3 “ $30 - - - 21.1
3-¢ 1L} 240 - - - 20.8
69 [N} 54 - - - 1.
9-12 4.8 60 - - - 19.9
12-15 4“3 59 - - - 20.9
0-1s T %43

S7°18° 11927 June N (3] 0-1 59 190 - - - 25
3-¢ 59 560 - - - 25
6-9 [} 690 - - - 24
9-12 7% 1040 - - - 25
0-12 I 2480

56°10° 11°47°  Aug 2% i) 0-1 7.8 210 0.14 1.0 28 13.7
3-¢ 5.4 200 - - - 13.9
5-9 3. - - 13.0
0-9

56%10° 11947 mov 17 25 0-3 4.8 230 0.3 0.7 A MM 15.2
3-6 3.2 142 - - -~ 1.1
6=y 1.6 A ss - - - 4.9
0-9 T 427 5 34

$4957° 12941 Aug 2§ 23 0-* 4.4 155 0.30 1.3 [ 5.5
3-6 1.2 113 - - - ".s
6-9 1.6 56 - - - 1.0

55042' 12908

Dec 6
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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
134cg, The 137Cs levels did neither indicate a significant con-
tribution from Chernobyl debris. The two samples displaying a
134cg content indicate a deposit of Chernobyl 137Cs in the or-
der of 60 Ba m~!, 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 134cg content. The highest radio-
cesium levels were found in samples collected at 61°30°'N,
17°59'E and at 62°40'N, 19°33'E. These samples contained ap-
proximately 7 kBq 137cs 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 kBg '37cs m~2 38). gence the
sediments contained about 10% of the radiocesium deposit in Oc-
tober 1986). Three samples contained !10Mag; the mean '10mpag/
137¢s 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
significant extent, it behaved as we would have expected it
from our global fallout studies of 137¢cs.

Table 4.6.2.2. Radionuclides in sediwment samples (0-3 cm) collected at the Gauss cruise to
the Baltic Sea in October 1986. (HAPS) (ARBA: 0.0145 m2) (supplement to Table 4.6.2.1)

Gauss No. 50co 60co

106p, 1065, 110mp, omp, Teac, 144c,

(cf. Tadle

4.6.2.1) 8g ka~! ary Bg m~2 Bq ka~! dry Ba ®"2 Bq ka~' dry Ba m~? Bq ke~ dry Bq m-?
17 1.10 21 -
18 17 A 480 A
39 8.9 A 220 A
Y} 50 A 170 A 13,5 T3
63 107 600 s » s0 B

95 29 420
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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 90gr level in dried
milk increased by 7% in 1986. The locations in South (Abenrd)
and West Jutland (Videba2k) increased by 22 and 16%, respective-
ly. Funen (Nyborg) increased by 5%. The other locations were
unchanged except Hjerring (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¢s content increased in 1986 by a factor of 14 compared
to 1985. The maximum occurred in June (2120 Bg 137¢s (kg K)").

Table 5.1.1. Strontium-90 in dried milk in 1986. (Unit: Bg (kg ca)™h)

Month Hjerring Randers Videbak Abenrd  Nyborg Ringsted Nakskov Mean
Jan 67 66 61 59 64 42 45 58
March 68 67 713 67 68 44 47 62
May 62 63 105 89 73 52 65 13
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 8t S8 37 38 62
Oct 60 72 80 86 56 32 37 60
Nov 69 70 73 19 65 38 48 63
Dec 62 16 73 79 68 49 41 64
T
Mean* 66 72 79 17 65 41 45 64

Jan and Mar each counted twice in the mean.

As 1 cubic meter of milk contains 1.2 kg Ca, the mean 90s5r content in Nanish milk
produced in 1986 was 77 Bg 3 (or 0.077 8q 90sr 1-7).




Table 5.1.2.

Analysis of variance of 1ln Bq 905, (kg ca)~! in
Danish dried milk in 1986 (from Table 5.1.1) (milk year)

variation SSD £ 82 v2 P
Between months 0.949 1" 0.086 S.444 > 99,958
Between locations 6.061 6 1.010 63.712 > 99,95%
Month X loc. 1.046 66 0.016
10°E 12°E
Hjerring
S7°N 57°N
- 4
Randers
[ 3
®Videbak -
56°N <y 56°N
L~
S5°N SS°N
?1:;1591 lillkm ) 55°N
1
10°E 12°E 15°E

Dried milk sampling locations in Dermark.
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By December the 137¢s had decreased by a factor of 4.4. As for
905y we observed the highest levels in the milk from Videbak,
Abenrd and Nyborg.

The 134Cs/'37Cs ratio indicates that since June all radiocesium
in Danish milk came from Chernobyl.

Table 5.1.3 shows the results of the 137Cs determinations and
Table 5.1.4 the analysis of variance of the results. Figures
5.1.2 and 5.1.3 show the 20sr and 137cs levels in dried milk
compared with the predicted values {cf. Appendix C). The ob-
served 90Sr 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. Radiocesium in Danish dried milk in 1986. Unit: Bq '37cs (kg X)~7 (134ca/137cq)

Month Hjerring Randers Videbak Abentrd Nyborg Ringsted Nakskov Mesn Tgsoreﬁia] 1 ] Ch”nobyl
(134ca/137ce) 13ce

Jan 46 woonoemecoan 3) - 490
reb 4 24 35
Harch 39 20 31
April ss [ 60
Nay 133 42 2200 1520 450 940 1420 %0

(0.48) (§1] {0.52) (0.56) (0.48) (0.50) {0.5M (0.44) 0.54 9t
June 1480 2400 2900 3500 3400 470 700 2120

(0.53) (0.%4) (0.54) (0,52) {0.48) (0.51) {0.55) (0.52) 0.52 100
July .70 1240 2100 1620 (11 440 330 1070

(0.50) (0.%1) (0.53) (0.%4) (0.55) (0.49) 10.56) (0.52) 0.5% 90
Aug 620 1080 1490 1550 870 200 260 290

0.5 (0.%M) (0.50) (0.49) (0.50) (0.51) 10.52) {0.51) 0.3%0 9
Sep 1140 640 1220 1280 1260 270 m S0 *

(0.40) (0.44) {0.50) (0.49) (0.4%) (0.49) (0.49) (0.40) 0.48 too
Oct (31 490 1000 1269 0 260 150 650

(0.47) (0.40) (0.47) (0.%3) (0.44) (N.42) (a.51) {(0.47) 0.4 100
Nov 380 630 30 890 520 230 1" $30

(0.43) (0.42) (0.41) (0.4 {0.47) (0.48) {0.48) (0.44) .46 105
Dec 410 660 610 840 490 230 142 480

10.44) (0.4%) 10.47) (0.62) 10.44) (0.39) (0.49) (0.44) 0.45 102
Nean 490 610 1050 1030 140 e 283 640

As ) cubic meter of silk contains approx. 1.66 kg K, the mean '37Cs content in Denish silk produced
in 1986 was estimated at 1062 Bq n~3 (or 1.06 8q '37ce 1-1).




Table 5.1.4. Analysis of variance of 1n Bg '37cs (kg X)~! in
Danish dried milk in 1986 (from Table 5.1.3) (milk year)

Variation SSD f s2 v? P
{ Between months 15.858 1" 1.442 4.570 > 99,95%
! Between locations 29.258 6 4.876 15.456 > 99.95%
\ Remainder 20.507 65  0.315
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Pig. 5.1.2. Predicted (curve) and observed ?0sr/Ca levels
in dried milk from Denmark (May 1962-April 1987).
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Fig. 5.1.3. Predicted (curve) and observed 137ca/K levels
in dried milk from Denmark (May 1962-April 1987).

5.2. Fresh milk

5.2.1. Radiostrontium and radiocesium 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 90sr and 137cs excreted in
the milk. For 90Sr we found that 1.5% of the intake ware ex-
creted in the milk both in June and September. In case of 137¢cs
the June excretion was 7+1% (N = 9; +1 S.E.), but in September
the excretion was as high as 22+45% (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?!) 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 Copenhagen (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 Bqg !37Cs (kg
l()‘1 levels in cheese were higher than those in dried milk
samples from the same areas (cf. Table 5.1.3) and so were the
Bg 905, (kg Ca)'1 levels (Table 5.1.1). The reasons for these
discrepancies may be due to higher 137cg and 9%9sr concentra-
tions in the milk used for cheese production than that used for
dried milk.




Table 5.2.3. Strontium-90 and radiocesium in cheese collected in West and
South Jutland in 1986

Month Bq 99sr  Bq 9%s¢ Ba 137cs 8g 137c 134cg/137cy
kg~! (kg ca)~! kg~! (kg X)~

June 1.24 164 3.9 5300 0.49

July 1.22 167 3.2 4500 n.45

Aug 0.86 12 1.74 2100 0.53

Sept 1.1 122 1.58 1760 0.38 A

oct - - 1.39 1740 0.50

Oct, Nov, Dec  0.91 120 1.43 3500 0.47

June-DeCc mean 1.02 132 2.1 3200 -

For 9°Sr the values for Oct, Nov, Dec counted three times in the means.

ror 137cs they counted twice, because we already had one value from Oct.

5.2.4. Iodine~131 in Danish milk after Chernocbyl
In the first days after the Chernobyl accident a number of milk
samples were analysed for 1311, As panish cows had not started

grazing when the Chernobyl fallout arrived, we would not have
expected 1311 in panish 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 1311 concentrations in milk and grass (see
Table 5.10.7). The mean ratio: Bq '3'r 1-! milk/Bq '3'1 kg-!
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
observations2!), 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 Ba 1371 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 1371 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. Iodine-131 in consumer milk collected
in the 8 zones and Copenhagen in May~June 1986

Zone Date Bq 1!
I: North Jutland 24/5 1.56
1I. East Jutland 26/5 1.60
ITI. West Jutland 26/5 1.72
. South Jutland 2/6 1.34
v. Funen 2/6 1.38
vI. Zealand 21/5 1.74
9/6 (0.46)A
VII. Uolland-Falster 2/8 N.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 Bg kg~! fresh weight or
145 Bqg kq“ 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 1311 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 17! to a few Bq 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-
qramme.
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Fig. 5.2.4. Yodine-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. 63'), and 137cs and '34cs were
measured on ashed samples by y-spectrometry on a Ge(Li) detector.

Tables 5.3.1 and 5.3.2 show the measurements of 90gyr in grain
in 1986. Table 5.3.4 gives the analysis of variance of the Bq
90syr (kg Ca)~! figures and Table 5.3.3 that of the Bq 90sr kg~!
qrain figures.




Table 5.3.1.
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Strontium-90 in Danish grain in 1986. (Unit: Ba kg~')

Barley Wheat
Location Rye Oats Triticale
Winter Spring
8Spring Winter Winter Spring
Tylstrup 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 0.630.01 0.410.03 0.720.06 1.12:0.08 0.30
Borris 0.47:'0.02 0.613 0.47 G.42 .29 0.77 0.09 1.08
8t. Jyndevad 0.41 0.38'0.03 0.53'0.03 0.34 - 0.65 -
Arslev 0.51 0.39:0.05 - 0.174 - 1.01 -
Tystofte 0.26 0.45°0.03 0.22°0.02 0.25 0.25 0.48 -
Ledreborq 0.32:0.01 0.28 a.34 0.30 0.6290.27 0.4 -
Abed - 0.164 0.29:0.00 0.30 0.27°'0.04 0.0186'0.003 -
Tornbyqérd 0.167 0.230.05 6.22:0.03 0.129 - 0.23 -
Mean 0.42 0.40 0.41 0.30 0.48 0.67 -
*Mean of Kale and @dum 1 S.E.
The error term is 1 S.E. of the mean of double determinations.
Table 5.3.2. Strontium-90 in Danish grain in 1986. (Unit: Bg (kg Ca)")
Barley Wheat
Location Rye Oats Triticale
Winter Spring
Spring Winter Winter Spring
Tylstrup 1060 1490 1100 1200 1580 920 ~
Kale 51063 680 '138* 660 940 -55* - 1050 -~
Askov 1880 1420 10104 119045 1650 131 1200 41 900
Borris 1070 194 1500 960 1410 270 970 :98 2300
St. Jyndevad 1470 100010t 1110121 1020 - 870 -
Arslev 1340 1180152 - 440 - 1170 -
Tystofte 740 940 76 400 41 820 §70 560 -
Ledreborg 800 :49 810 §20 980 1530 :570 440 -
Abed - 330 480 :64 740 440 42 2408 -
Tornbygdrd 470 510 '88 360 :67 470 - 290 -
Mean 1040 980 170 920 11c. 770 -

*Mean of Kale and Adum

‘1 8.8,

The error term is 1 S.¥. of the mean of double determinations.
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Table 5.3.3. Analysis of variance of ln Bq 99sr kg~' in grain
in 1986 (from Table 5.3.1)

Variation SSD 4 8? v2 P
Between species 2.174 3 0.72% 5.372 -
Between locations 10.455 9 1.162 8.611 > 99.95%
Spec. = loc. 3.508 26 0.135 1.726 -
Remajinder 2.970 38 0.078

Table 5.3.4. Analysis of variance of 1n Bg 3%8r (kg Ca)~! in
qrain in 1986 (from Table 5.3.2)

Variation SSD f 62 v2 P
Between 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 90g, kq" between
species was significant. Oats showed the highest Bq 90gy kg"
levels. The 90sr 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 90Sr kg~! level for grain from Jutland
was 1.8 times that in eastern Denmark. The observed Bq 90sr xg~!
levels in grain from 1986 were 0.8640.22 (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-Augqust 1986 was
1630 times that of the fallout in May-August 198S.

.
s ——
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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
magnitude 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 137cs xa~')

Barley Wheat

Location Rye Oats Triticale

Winter Spring

Spring Winter Winter Spring
Tylstrup t.95 0.4 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 0.2% 1.37 0.55 0.96 .1 2.6

(0.58) - (0.49) (0.80 A) {0.53) (0.37) (0.52)
Borris 12.0 0.39 1.7 0.47 0.28 0.27 0.98

(0.45) (0.67) (0.59) (0.46 A) - - (0.53)
St. Jyndevad 12.0 0.48 t.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 M) - (0.41) - (0.48) ~
Tystofte 17.9 0.22 0.66 0.49 n.159 0.21 -

(0.50) - (0.49) {0.42) {0.66 A) - ~
Ledreborg 9.9 0.179 0.68 0.7 ¢.23 0.23 -

{0.49) ’ (0.76 8) {(0.60) (0.52) - - ~
Abed - 0.43 4.9 1.44 0.26 0.3 -

- - (0.52) (0.48) (0.84 A) - ~

Tornbyglrd 6.8 0.4 1.28 0.87 - 0.30 -

{0.50) {0.40 B) (0.44) (0.47) - - ~
Mean 1.t 0.33 1.52 .80 8.37 0.724 -

*Nean of Kale and ddum ‘! S.E.

In brackets the ‘“Cl/'r’Cs are shown.
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Table 5.3.6. Cenium-13?7 in Danish grain in 1986. (Unit: Bg '37Cs (kg K)~')

Barley Wheat
Location Rye Oats Triticale
Winter Spring
Spring Winter Winter spring
Tylstrup 460 92 188 99 94 83 -
Kale 1490 6113 173 168:42 - ) 290 -
Askov 4500 77 480 182 300 " 320 660
Borris 3600 101 380 LK) 13 89 187
St. Jyndevad 2400 12 380 250 ~ 230 -
Arslev 2900 54 - 380 ~ S70 -
Tystofte 3500 47 166 m 40 53 -
Ledreborg 1900 39 135 145 43 60 -
Abed - 64 1030 350 40 73 -
TornbyqgArd 1640 76 320 220 - 97 -
Mean 2500 72 360 200 98 200 -

*Mean of Kalo and Odum ¢1 S.E.

Table 5.3.7. Analysis of variance of ln Bq 137¢cg kg" in
grain in 1986 (from Table 5.3.5)

vVariation ssh f s v? P
Between species 72.3%4 5 14.47M 46.212 > 99.95%
Between locations 7.136 9 0.793 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 1ln Bq 137¢g (kg &)~ in
grain in 1986 (from Table 5.3.6)

variation SSb £ 82 v p
Between species 69.630 5 13.926 47,71 > 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




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 consideration27):

L(t) = 0.098 e~0.0013(t-34)7 (Eq. 1)

where u(t) is the activity in Bgq 137¢cs kg‘1 in the mature
barley grain at harvest
(t) is the time in days before harvest when the crop
has received 1 Bq 137¢cg per m? 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:

2
g = 36 e-0.00052(t-30) (Eq. 2)

We tested these two models at Risp for a field with winter bar-
ley. Model (Eg. 2) was in agreement with observations if we as-
sumed a field loss half-life of 2 days for days with rain and
of 14 days during dry periods. This is a more rapid field loss
than observed under the experimental conditions, for which the
two eguations were developed. In that case the field loss half-
life was 20 days. We may thus expect that much of the 137¢s gde-
posited after Chernobyl has been lost from the crops before it
could be translocated to the grain. Equation (Eg. 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 Bqg 137¢cg kg" but we found only 0.3 Bq kg".

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 longer than for Rise and




Table 5.3.9. Harvest dates for Danish grain in 1986

Location Rye Sarley Whest Oate Triticale
winter Spring Winter Winter Spring Spring

Tylstrup 26/8 13/8 13/8 5/9 8/9 26/8 -
Kale Sept 21/8 4/9 /9 - 26/8 ~
Askov 17/9 17/9 17/9 17/9 12/9 17/9 11/9
Borris /9 18/8 /8 4/9 5/9 5/9 16/9
8t. Jyndevad 14/8 16/8 11/8 14/8 - 14/8 -
Arslev 26/8 21/8 - 26/8 ~ 21/8 -
Tystofte 19/8 21/8 13/8 25/8 21/8 4/9 ~
Ledreborg 20/8 18/8 11/8 21/8 4/9 29/8 -
Abed - 29/8 6/8 3/9 29/8 29/8 -
TornbyqArd 21/8 18/8 18/8 25/8 - 25/8 -

Table 5.3.10. Radiocesium and Strontium-90 in barley samples collected at Riseo in 1986

Date Sample kg m~2 Bq 'EZCI 8q ”7(_:‘ Bq ‘;7c- 134cq /1378 Bq 3°Sr Bq 908y Variety
kg (kg K) n kq~! (kg ca)~1

4/5 Total plant 0.16 S.1 0.82 0,57 A Winter barley
/% - - .48 10.5 2300 5.0 0.6? - " o
2/6 -" - 1.82 1.6 B 400 B 2.98 1.1 B - o
30/6 -® - 3.02 1.10 A 280 A 3.3 A - - -
12/9 - - 1.64 133 0.49 B [

. Geain 0.30 A 73 A - 0.183 360 -" -

- Husks 3.5 500 0.5t B - " o

- Straw 7.7 670 0.49 1.83 520 - -

*  Grain 0.13 8 34 0.11 8 300 B Spring barley

- Straw 1.84 151 0.6 2.5% 390 -" -

Table 5.3.11. Radiocesium in spring barley samples collected at Grevinge,

W-gealand in 1986

xg m-2 8q e 8q

137¢y "::1“ 134c, ,137¢,
L]

‘?Itl Sample g1 P
14/5 Total plant 0.071 16.6 A 3500 .18 A 0.87 A
20/6 - - .24 0.92 A 195 1.14 A -
13577 - - ~1.0 ~0.7 B 160 8 ~0.7 9 -
“s - - 0.74 1.08:0.20 165:25 0.8 . -
13/8 -" - 0.98 1.8 0.8 25020 1.8 -
/9 -" - 1.21 0.76 0.16 280:120 0.9 -
9/9 Grain 0.33 63 0.46

The error term is 1 $.E., from double determinations.




Table $.3.12.1.
at harvest 1986

Model* predictions of 137¢ce from Chernobyl in Danish mature apring barley grain

139 -

Wet deposition (8q '37Cs m~2)

Location Harveat Barley, uture‘“un -1

predicted (Bg Cs kg~')
5-12 May 12 May-1 June 1| June-1 July

Tylstrup 200 177 49 13 Aug 2.68

Kale 220 350 60 21 Aug 1.97

Borris an 237 s1 18 Auq 2.2

Askov 1230 467 248 20 Aug 7.44

St. Jyndevad 397 3133 30 16 Aug 2.19

Arslev 637 470 150 21 Aug 4,38

Tystofte 6 810 52 21 Aug 2.40

Ledreborg 34 159 n 18 Aug 1.38

Abed 26 417 35 29 Aug 0.55

Akirkeby 92 202 55 29 Aug 2.15

tHeuristic barley model from ref. 27: u(t) = 9.9°1072 €~0.0013(t-34) ¢

{t is the time in days before harvest and u(t) is the concentration (Bq 137cs kq") in
mature grain for a deposition of 1 Bq 137Ca m~2 barley field at time (t)).

Table $5.3.12.2.

Winter barley

Comparison of measured and predicted concentrations of 137¢Cs in Danish
mature barley grain at harvest 1986

Spring barley

Location S
meas. pred. meas./pred. meas. pred. meas./pred,

(8q kg~') (Bq kg~!) ) (Bq kg~!) (Bq kg~ 1) ()
Tylstrup 0,84 2.68 N 0.41 2.68 15
Kale 0.20 1.97 10
Borris 1.7 6.01 28 0.39 2.2 18
Askov 1.3% 7.44 18 0.25 7.44 3
St. Jyndevad 1.70 3.69 46 0.48 2.19 22
Arslev 0.24 4.35 1
Tystofte 0.66 1.49 44 0.22 2.40 9
Ledreborg 0.60 2.69 25 .18 1.38 13
Abed 4.8 6.43 5 0.43 0.55 8
Akirkeby 1.28 2,15 60 0.41 )1'.!5 19
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the uncertainty on model calculations may thus be larger. It is
evident that the contributions from July-Auqgust 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 %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 bread!!) and that wheat flour
of 75% extraction contains 20% of the 20Sr and 50% of the 137cs
found in wheat grain", 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 Rise-R-437
p. 8621) where it is predicted that the transfer from wheat to
white bread will increase from 20 to 33% for %0Sr. The discre-
pancy for 137¢s 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:iark.
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Table 5.4.1. Strontium-90 in Danish bread collected in Nov 1986

Rye bread White bread

Location
Bq kg~! Bq (kg Ca)-! Bq kg~'  Bq (kg Ca)-!

1. North Jutland 0.43 148 0.182 98
1. East Jutland 0.27 580 0.135 74
III. West Jutland 0.3% 940 0.099 340
Iv. South Jutland 0.38 153 0.155 128
v. Punen 0.23 210 0.108 112
vi. Zealand 0.27 184 0.094 42
ViI. Lolland-Falster 0.24 166 0.117 n
VIII. Bornholm o.21 103 0.097 182
Mean 0.29 310 0.123 M
Copenhagen 0.24 720 0.166 69
Population-
weighted mean 0.28 480 0.132 13

Table 5.4.2. Radiocesium in Danish bread collected in Nov 1986

Rye bread White bread
Location
Bq '37ce Bq '37cg 134cs/'37cs  Bq '37cs Bgq '37cs  V34ces137cy
xq~1 (kg K)~ kg~! (kg K)-!
I. North Jutland 11.3 3300 0.48 0.95 590 0.38
It. East Jutland 19.0 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-Palster 1.9 530 0.48 1.48 939 0.44
VIIl. 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~-
weighted mean 7.6 2500 n.47 0.7 500 0.50




T

Table 5.4.3. A comparison between 30sr and 137Cs levels i bread and

grain 1986
Nuclide Species Bread activity Activity in "Bread" /grain
in Nov 1986 grain from ratio
calculated as harvest 19861
grain in Bg kg~ Bg kg~
(cf. text)
Wheat 0. .
905, ea 89 0.39 2.3
Rye 0.38 0.43 0.9
137¢q 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
905y, 137cs and '34cs (yv-spectroscopy of the ash).

Table 5.5.1 shows the 90Sr and radiocesium contents in potatoes.
The mean contents for the country were 0.039 Bg 20sr kg-1, or
820 Bq 90sr (kg ca)~!, and 0.197 Ba '37cs kq~! or 46 Bg '37cs
(xg K)~1. The 90Sr levels were 70% of those in 1985, and the
137¢cs concentrations were 3.4 times the 1985 values.

The mean ratio between observed and predicted 905y concentra-

tions in potatoes was 0.41 and for 137cs we found 0.05 (cf.
Appendix C).




Table 5.5.1. Strontium-90 and radiocesium in Danish potatoes in 1986

Location 8a 90sr xq-! Ba 208y (kq Ca)~! Bqg '37Cs ka~' Ba '37ca (kg K}-! 134cs;'37%cs
Tylstrup 0.033 890 0.075 22 0.48 A
Kale 0.041 1o 0.66 149 0.43
Borris 0.043 930 0.180 4

Askov 0.062 1340 0.54 137 0.32 A
St. Jyndevad 0.020 5640 - 0.30 64 0.28 A
Acslev 0.040 660 0.076 16

Tystofte 0.058 1140 0.063 15

Ledreborg 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 Bg %sr  Bq %0sr, g 'dlcs  Bq '3cq V34cg/137cq
kg (kg Ca) kg (kg K)

I. North Jutland 0.173 600 0.29 154 0.20 A

1I. East Jutland 0.143 340 0.183 A 69 A

I11. 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

Vi, Zealand 0.139 310 0.03 B 108

VII. Lolland-Falster 0.24 370 0.131 50

VIII. Bornholm 0.53 780 0.03 8 10 8B

Mean 0.22 460 0.21 100
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Table 5.6.2.
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Strontium-90 and radiocesium in carrot collected i1n Auq-Sept 1986

i Zone Bq 08¢ Bg 90sr 8q '37cs Bq 137C 134cg/137¢g
r kg~1 (kg cay~! kg=?! (kg X)~
I. North Jutland 0.155 510 0.042 22
11. Bast Jutland 0.28 790 0.24 197 0.29
III. West Jutland 0.31 1130 0.137 56 0.37
v, South Jutland 0.189 800 0.24 210 0.21
v. Punen 0.187 640 0.024 1.5
vI. Zealand 0.23 790 0.035 16.4
V1i. Lolland-Falster 0.194 S10 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 Bq 99sc Bq 90sr Bq 37cs Bq 137¢ 13405 ,137¢q
kg~! (kg ca)~! kg~! (kg K)~

I. North Jutland 0.34 410 0.082 A 23 A

1I. East Jutland 0.25 410 0.088 A 28 A

II¥. West Jutland 0.30 550 0.22 101 0.46

v, South Jutland 0.61 1780 4,20 79 0.48

v. Punen 0.33 660 0.27 114 0.48 A

vI. Zealand 0.64 950 0.116 33 ;

Vil. Lolland-Palster 0.133 350 0.039 B 17 B }

VIII. Bornholm 0.157 320 0.016 B 6B

Mean 0.34 680 0.130 50




Table 5.6.4.

Strontium-90 and radiocesium in peas collected in July 1986

2Zone B9 QOSr Ba 905, Bq 137Cs B8q 137¢ 13‘Cs/‘37Cs
ka~' (kg ca)"'  ke"!' (kg )"
I: North Jutland 0.23 1160 0.22 69
. II: East Jutland 0.35 1130 0.130 A 36
IfI: West Jutland 0.28 1120 0.38 99 0.45 A
p v
s Iv: South Jutland 0.068 280 0.179 A 42
Ve Funen 0.196 770 0.37 147 0.36
VI: Zealand 0.085 560 0.052 B 17
p VII: Lolland-Falster 0.38 280 0.128 B 27
VI1I: Bornholm 0.34 400 0.087 A 36
Mean 0.24 710 0,194 59
Table 5.6.5. Strontium-90 and radiocesium in lettuce collected in July 1986
3 e e e e e e e o e e e e e
i Zone Bg 90sr Bg 9s¢r. Bg '37cs Bq 137cC 134¢g/137¢s
{ kg~! (kg Ca)-! kg~! (kg X)~
I: North Jutland 0.62 1350 0.31 79 0.32
II: East Jutland 0.195 870 0.085 33
I1I: 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 Bg 9?5: 8q 90551 Bq ‘3;’Cs Bg ‘379?
kg~ (kg Ca) kg~ (kg K)
I: North Jutland 0.20 510 0.040 B 21 8
II: East Jutland 0.28 890 0.079 A 29 A
III: West Jutland 0.45 1170 0.090 42
Iv: South Jutland 0.24 610 0.015 B 10 B
v: Punen 0.20 900 0.032 8 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 8 6B
Mean 0.30 900 0.04 19

Table 5.6.7. Strontium-90 and radiocesium in tomatoes collected

in July-Aug 1986

Zone Bq 905, Bq 905, Bgq 137¢s Bgq 137¢
kg~! (kg Ca)" kq" (kg K)~
) § North Jutland 0.038 B 16 B
I1: East Jutland n.022 8 10 B
IIl: West Jutland 0.142 45
Iv: South Jutland 0.044 A 18 A
Ve Funen 0.032 8 138
vI: Zealand 0.037 8 14 B
VII: Lolland-Falster 0.062 B 20 B
VIII: Bornholm 0.058 B 20 8
Mean 0.0081 73 0.054 20




Table 5.6.8.
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Strontium-90 and radiocesium in strawberries collected in July 1986

Zone Bq 90g, 8q 90s, Bg 137cs Bq 137¢ 134c5/137cs
ka™! (kg ca)~! xg~1 (kg K)~

I: North Jutland 1.38 750 0.52
ir: East Jutland 4.0 2100 n.49
III: West Jutland 4.3 2300 0.54
1v: South Jutland 4.2 2200 0.49
v: Funen 2.7 1320 0.55
vI: Zealand 0.31 156 0.48 A
ViI: Lolland-Falster 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.

July~Aug 1986

Strontium~90 and radiocesium in gooseberries collected in

Zone Bq 995r Bg sr. Bg 137cs Bq '37cg 134cs/'37cs
xg™' (kg ca)”! k¢! (ke K)T
I: North Jutland 4.0 2500 0.52
It: East Jutland 11.8 8600 0.55
1I1: West Jutland 19.8 16900 0.54
1wv: South Jutland .2 4100 n.50
Ve Punen 8.2 6100 0.53
VI: Zealand 6.9 4800 0.50
VII: Lolland-Falster 5.0 2400 0.47
VITI: Borrholm 4.7 2100 0.54
Mean 0.083 410 8.5 5200 0.52




Table 5.6.10. Strontium-90 and radiocesium in red currants collected in
July-Aug 1986

Zone Ba 0sr 8a ?0sr  Bg '37cs Ba 137cg 134cg/137¢s
kg1 {kq ca)-! kg~1 (kg Kj~
I: North Jutland 3.6 1670 0.55
It: 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 G.48
vVI: Zealand 13.7 5100 0.54
VII: Llolland-Falster 6.6 2800 0.52
VIII: Bornholm 4.4 1790 0.50
Mean 0.45¢* 1100 15.1 5400 0.52

*89g,/905r: 2.2

Table 5.6.11, Strontium~90 and radiocesium in black currants collected in
July-Aug 1986

Zone Bq %0sr Bq %0sr Bq '37cs Bq !37c 134cg/137¢g
xg~! (kg ca)~! kg~ (kg K)~
I: North Jutland 6.8 2600 0.47
II: East Jutland 16.8 3800 0.51
ITII: West Jutland 25 112060 0.50
1v: South Jutland 26 7400 0.51
V: Funen 23 5100 0.48
VI: Zealand 6.7 2400 n.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




Table 5.6.12.
July-Aug 1986

strontium-90 and radiocesium in raspberries collected in

’ one Bq 9sr Bq sr, 8q 'Yce &g 1379i 134, /137,
i kg~ (kg Ca) kg (kg K)
I:  North Jutland 1.24 500 0.69
II: East Jutland 3.5 1290 0.53
! III: West Jutland 13.2 4500 0.49
Iv: South Jutland 8.2 3700 0.50
Ve Funen 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
h Mean 0.040 139 5.0 2000 0.53
ﬁ Table 5.6.13. Strontium-~90 and radiocesium in cherries collected in July-Aug 1986
zone sq 905t Bq 903: Bq '37C8 Bq 1 37C 1 34(:5/ 1 37CS
kg~! (kg ca)"!'  kq~! (kg K)~
I: North Jutland 4.5 1640 0.49
I1: East Jutland 8.3 3200 0.52
III: West Jutland 12.0 6200 0.54
Iv: South Jutland 6.4 3400 0.51
v: Funen 12.8 5100 0.51
vI: Zealand 3.1 1590 0.49
V1iI: Lolland-Falster 2.7 1090 0.46
1 VI1I: Bornholm 2.5 700 0.51
Mean 0.164 940 6.5 2900 0.50




Table 5.6.15 shows a calculation of the mean contents of 90sr and
137¢cs in Danish vegetables collected in 1986. The 90sr levels
were similar to the 1985 concentrations.

The '37Cs 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 Bg 90sr kg~! and 1.82 Bq '37cs kg~). The ob-
served Bq 90g, )tg‘1 levels in vegetables and fruit in 1986 were
0.74%0.54 (1 S.D.) times those predicted (cf. Appendix C). 1In
the case of 137Cs, the observed values were 0.3310.34 times the
predicted ones. Apples were the only one which came close to
the predicted value for 137Ccs in 1986.

Table 5.6.14. Strontium-90 and radiocesium in apples collected in Aug-Sept 1986

Zone Bq 95 Bq 99, Bq '3cs 8q ‘37c§ 134¢g ,137c
kg~1 {kg Ca)~! xg~! (kg K)~

I: North Jutland 0.65 500 0.49

11: East Jutland 1.47 1230 0.54

IIl: West Jutland 2,8 2500 0.46

Iv: South Jutland 1.93 1340 0.48

v: Funen 1.85 1440 0.58

Vi: Zealand 2.0 1580 0.49

VII: Lolland-Faister 2.5 1210 0.46

VIIl: Bornholm 0.46 300 0.47

Mean 0.0088 176 1.70 1260 0.50
Table 5.6.15. Calculated 995¢ and '37ce mean levels in vegetables in 1986
Daily intake in g Bg Msr xq~!'  Bq ¥0sr (kg Ca)~' Bg '3cs k™' Bg '3ca (kg K)"!
50 leaf vegetables

{cabbage) 0.22 460 0.2V 100
30 root vegetables

(carrot) 0.25 760 0.103 69
40 peas and heans 0.29 695 0.162 5%
120 0.25 610 0.167 77

PSS



The Chernobyl accident did not influence the 90Sr 1levels in
vegetables and fruits. In case of 137cg the influence was
strongest for berries such as red and black currants. The coun-
trywide mean value for these berries was 15 Bg 137¢s kg'1. Root
vegetables in particular onion were very little affected by the
radiocesium from Chernobyl. The 137¢g content in most onion
samples was in fact below the limit of detection.

The high 137¢s concentration in berries was due to translocation
of 137¢cs (and 134Cs) to the berries. This is demonstrated by
the '03Ru/137cs and '06Ru/137cs 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 1311 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 1311 content

Table 5.6.16. Radionuclide concentrations relative to those of 13%¢cs in various
fruit samples

Species Zone Date 952y 95wp 103g, 106g, 141ce T4dc,
Red currant 111 Aug 4 0.039 0.081 0.163 0.25 - 0.083
-" - VI July 23 - 0.027 0.22 0.23 - -

- - vIIr July 24 0.21 0.46 0.41 - 0.102 0.34
Black currant v Aug S 0.093 0.25 Q.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 - 0.1%4 0.31 - - -
-" - It July 10 - 0.069 0.28 - - -
- - It July 10 - - 0.165 0.118 A - -
- - v July 10 - - 0.33 - - -
- - \4 July 10 - - 0.29 - - -
-" - vt July 14 - - g.124 0.089 A - -
- VIt July 10 - - 0.29 - - -
- - Vi1l July 7 0.45 0.76 0.23 0.32 A 0.23 0.67
Strawberry  § 81 July 10 0.082 0.113 0.078 - 0.039 -

- - v July 10 - - 0.120 - - -




after washing was 91% of that before washing and the radiocesium
was 78%. Thus !'3'I 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: Ba kg")

Sample Location Date 131, 134cg 137¢q
1986

Rhubarb Ganlese

(Zealand) 9/5 6.8 - -
Radish Ganlese

(Zealand) 9/5 42 6.1 10.5
Chive Hedehusene

(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-Jeorgensen (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 905y ‘Jevels in Jutland
was 6% higher than those in the Islands in 1986. The 137cs 1evels
were 17% higher in Jutland than those from the Islands.




Table $5.7.1. Strontium-90 in Danish total diet collected in June 1986

Tone Bq (kg Ca)~! Bq dq" g Ca day~!
cap™

I: North Jutland 86 0.145 1.51
11: Bast Jutland 126 0.189 1.50
I1I: West Jutland 138 0.173 1.25
Iv: South Jutland m 0.173 1.56
v Funen 128 0.166 1.29
vI: Zealand 107 0.156 1.46
ViI: Lolland-Falster 109 0.174 1.60
VIII: Bornholm 88 0.142 1.61
Mean 113 0.165 1.47
Copenhagen 100 n.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

1

Zone Town Bq (kg cay)? Bg dgx" g Ca day”
group cap
I: North Jutland A 105 0.158 1.50
B 94 0.143 1.52
It: EBast Jutland A 100 0.143 1.43
B 122 0.174 1.43
III: West Jutland A 17 0.183 1.56
8 13 0.184 1.63
v South Jutland A 103 a.159 t.54
B 101 0.164 1.62
v Funen A 100 0.151 t.51
B 80 0,130 1.63
vIi: Tealand A 86 0.128 1.49
B 101 0.130 1.29
VIiI: Lolland-Falster A 10 0.163 1.48
B8 7% 0.135 1.73
VIII: Sornholm A 93 0.144 1.55
B8 9 0.151 1.66
Nean 100 0.153 1.54
Copenhagen ” 0.120 1.56
Population-
weighted mean ;01 0.145 1.44
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Table 3.7.3. Strontium-90 in Danish total diet collected in December 1986

R N

e AR BN VTN

Zone Town B8q (kg ca)~! Bq dny“ g Ca dny"
group cap”

e I: North Jutland A 120 0.185 1.54
B
i.‘ 4 £ East Jutland A
B 149 0.20 1.36
' ITI: West Jutland A 116 n.172 1.48
: B
! ws South Jutland A
B 160 0.24 t.50
Vs Pfunen A 135 0.180 1.33
B
vI: Zealand A
] 113 0.161 1.42
VII: Lolland-Falster A 95 0.157 1.65
B
VIII: Bornholm A
B 117 0.161 1.38
Mean 126 0.182 1.46
Copenhagen 103 0174 1.69
Population-
weighted mean 122 0.180 1.49

Table 5.7.4. Radiocesium in Danish total diet collected in June 1986

Zone Bg (kg ©)°'  Bg day;‘ g K day~! 134cg/137¢e
cap~
I: North Jutland 620 2.40 3.87 0.52
I1X: East Jutland 640 2.32 3.62 0.50
I11I: West Jutland 700 2.57 3.67 Q.48
e South Jutland 1480 5.53 3.4 0.5¢
Ve Punen 1320 4.76 3.61 0.51
vI: gZealand 171 0.60 3.51 0.46
VII: Lolland-Palster 240 0.90 3.75 0.50
VIITI: Bornholm 630 2,35 i.n 0.5¢
Mean 725 2.6R 3.6% .50
Copenhaqen 240 0.85 3.54 0.47
Population-weighted mean 560 2.04 3.62 n.49




Table $.7.5. Radiocesium in Danish total diet collected in September 1986

Zone Town Bq (kg K)~!  Bq dl!;’ g K day~! 134ce/137cy
qroup cap
1: North Jutland A 610 2.32 3.80 0.43
B 550 2,02 3.67 6.49
11: East Jutland A 450 1.65 3.67 0.44
8 570 2.19 3.84 0.48
IIIl: wWest Jutland A 760 2.91 3.83 0.35
8 590 2.18 3.69 0.50
Iv: South Jutland A 750 3.08 4.1 0.50
B 980 3.67 3.4 0.42
v: Funen A 800 3.09 3.86 0.53
B 650 2.42 3.72 0.46
vI: Zealand A 290 1.1 3.83 0.53
B an 1.22 .81 0.42
VII: Lolland-Palster A 310 1.18 3.81% 0.46
B 350 1.33 3.R0 0.3%
VIIl: Bornholm A 370 1.50 4.05 0.50
8 400 1.54 3.85% 0.49
Mean 550 2.09 3.82 0.46
Copenhagen 390 1.53 3.92 0.38
Population-weighted mean 500 1.93 3.80 0,44

The 20Sr 1986 levels (mean of June and December values) in the
total diet were equal to the 1985 levels, while the 137¢cs 1evels
were 13.8 times higher in 1986 than in 1985,

From the total-diet 'sampling it is possible to estimate the
mean levels of 90sr and '37Cs in the Danish diet in 1986. For
the period January-April 1986, the 905y 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 iq 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 90sr (kg ca)~!, or 0.16 Bg %0sr (day)~'.




Similarly, the 137¢cs content in the Danish diet in 1986 was es-
timated to be 1.45 Bq '37cs (day)~! or 390 Bq '37cs (kg k)1
The daily mean intake of 134cs was 0.63 Bq cap'1 corresponding
to a 'total intake of 230 Bq '3%Cs in 1986. The observed '37cs
fallout level in total diet was 0.21 times that predicted (cf.

Appendix C.2).

Figure 5.7.1 show the zone mean Bg 90gr (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. Radiocesium in Danish total diet collected in December 1986

2one Town Bq (kg K)=' Bqg da!;' g K day™! 13cg,137c,
group cap
1: North Jutland A 680 2.54 3.74 0.41
B8 540 2.0% 3.80 0.41
I1: East Jutland A 690 2.59 3.75 0.43
8 760 2.70 3.%5 0.41
I11: West Jutland A 790 3.01 3.81 0.42
B 8o 3.02 3.73 0.43
IVvs South Jutland A 700 2.77 3.96 0.43
] 580 2,26 3.90 0.40
Ve Punen A 740 2.83 3.82 0.45
B 680 2.61 3.84 6.0
vI: ZTealand . A 660 2.41 3.65 0.44
B 920 3.41 3.7 .38
VII: Lolland-Palster A 380 1.45 3.82 0.45
] 430 1.60 3.72 0.47
VIII: Bornhola A 290 .21 4.17 0.40
B 270 1.10 4.07 0.40
Mean 620 2.34 2.02 0.42
Copenhagen 420 1.56 3.1 0.44

Population-weighted mean 650 2.42 3.72 n.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 Bg kg~! Bq (kg Ca)™~! Bq kg~! Bg (kg Ca)~!
March 0.005 B 65 B 0.04 B 340 B
Aug 8.0.L. 8.0.L. 0.01 8 95 8

Table 5.8.1.2. Radiocesium in Danish meat collected in Copenhagen
in 1986

Pork Beef

Month  Bq kg~! Bq (kg K)~! 134cg/137cs Bq kg~! Bg (kg K)~! 134cs/137cq

f March 0.25 73 - 0.159 43 -
Aug 2.0 520 0.61 17.1 4700 0.52
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Table 5.8.1.4. Radiocesium and Strontium-90 in combined beef and pork
samples from Danish slaughterhouses collected in August and December 1986

{‘ : Month Sample Bg 137cs ko~' Bq '37cs (kg K)-'  134cs/137cs  Bg 90sr Kq-!
; August Beet 5.5 1640 0.50 0.03 B
: - Pork 1.42 440 0.47 0.008 B
i
December Beef 2.4 780 0.48

. -" - Pork 0.89 340 0.44

In order to calculate the mean level of 137cs in panish 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‘1 and in pork we get 0.69 Bg 137¢cs kg“. Compared to 1985
the 137Ccs 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 137¢s values than for the milk.

The mean ratio between observed and predicted (cf. Appendix C)
137cg levels in meat was 0.05 and for 30Sr the mean ratio was
0.44.

5.8.2. Radionuclides in fish

Pish 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 90sr kg~! and 4.75 Bg 137cs kg~!'.
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The mean 137Cs 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 137¢cs concentrations in Cattegat
fish became 5.25 * 0.6 = 3.15 Bg kg~' and in North Sea fish
4.25 x 0.74 = 3.15 Bg kg~!, 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 Bg kg", 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 137¢cs concentrations in fish significantly. In 1985 we
estimated that 80% of the !37Cs in Danish fish came from non
fallout sources, i.e. mostly from Sellafield. In 1986 only t Bqg
137¢cs kg"1 fish was from Sellafield and similar sources (e.q.
La Hague) this is 27% of the total '37Cs in fish in 1986. In
this calculation we assumed that 1/3 of the 1986 consumption of
fish was free of Chernobyl 137cg, i.e. it contained 1.6 Bg
137cs kg~1, while 2/3 contained 4.75 Bq 137Cs kg~! of which
3.15 Bg kg" 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 137¢s 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 Bq '37ce xg-! 134cg/137cq

April 15 1.48

June 17

~

June .22

July .33

N W0

Aug .21

w

Sept .18

Oct .28

L A S~ T " RN U R ]
S O 0O 0o O o o o

Nov-Dec 17




5.8.3. Strontium-90 and radiocesium in eggs

Eggs were collected countrywide in September 1986. The 90sr
concentrations were a 1little lower than in 1985, i.e. not
influenced by the Chernobyl accident. The 137¢s concentrations
increased by a factor of 3 compared to 1985.

Furthermore we analysed countrywide collected eqg samples in
August and December. They contained 0.144 and 0.22 Bg 137cs
kg", respectively, and the 134Cs/137Cs were 0.44 and 0.48.

The observed 203r levels in eqgs 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 137¢s 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 Bq 90g, Bq 90g, Bq 137¢ce Bq ‘37C? ‘3‘C!/‘37C3
kg-1 (kg ca)~! kg~! (kg K)~
I: North Jutland 0.0186 34 0.17s 12t 0.54
1I: East Jutland 0.0168 3 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
\& funen 0.021 39 0.184 127 0.46
VI: Zealand 0,0157 28 0.21 143 0.32
VII: Lolland-Palster =  0.0128 23 0.111 78 -
VIIl: Bornholm 0.0157 29 0.126 92 0.53 8
Mean 0.0174 32 0.164 112 -
Copenhagen 0.0169 31 0.068 45 -




5.8.4 Strontium-90 and radiocesium in the variety of vegetable
£ood

In the imported vegetable products there was a significant
“Chernobyl signal" in hazelnuts and in oranges.

Table 5.8.4. Strontium-90 and radiocesium in various imported vegetable food
purchased in Copenhagen in November 1986

Sample Bq 9?5: Bq %0sr 8q 137cs Bq 137¢ 134¢g/137¢g
kg~ (kg ca)~! kg1 (kg K)~

Rize 0.0139 4 0.035 4" -

Oats 0.40 163 0.160 40 -
Hazel nuts 2.5 950 280 40000 0.47
Banana 0.0060 55 0.009 B 2.38 -
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-Jergensen, cf.
Rise Report No. 63, Table B!)),

5.9.2. Milk and cream
The 20sr and '37Cs 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 ~ 11 milk, containing approximately 1.2 g Ca and 1.66 g K.
Hence the mean contents in milk were 0.077 Bq 905, kg'1 and
1.062 Bg 137¢q kg".




5.9.3. Cheese

One kg of cheese contains approximately 8.5 g Ca and 1.2 g K.
The 99sr and '37Cs contents in cheese were calculated from these
figures and from the 90sr/ca and !'37Cs/K ratios in dried milk
(cf. Tables 5.1.1 and 5.1.3). One kg of cheese appeared to con-
tain 0.54 Bg 99Sr and 0.768 Bg '37cs.

5.9.4. Grain products
Tables 5.9.1 and 5.9.2 show the estimates of 90sr and 137cs,

respectively, in grain products consumed in 1986. From these
tables, the activity levels in grain products were estimated
at 0.197 Bg 90sr kg~! and 1.106 Bq '37cs kg~1.

Table 5.9.1. Estimate of the 90sr content in grain products consumed pro capite
in 1986

Type Fraction from harvest 1985 Fraction from harvest 1986

1 1 Total

kg flour Bg kg~ Bg kg flour Bg kg~ Bq Bg

Rye flour
1008 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 0.22 447 15.80

Table 5.9.2. Estimate of the '37Cs content in grain products consumed pro capite
in 1986

Type Praction from harvest 1985 FPraction from harvest 1986

Total

kq flour Bq ka~!  Ba kg flour Baq ka~!  Bq Rq

Rye flour
100% extraction 21.9 0.090 1.97 7.3 1.2 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 3.2) 20.0 4.20 85.59 88.82




—

5.9.5. Potatoes

The figures in Table 5.5.1 were used, i.e. 0.039 Bq 30gy kg"1
and 0.197 Bg '37cs kg~'.

5.9.6. Vegetables

Table 5.6.15 shows the calculation of 90sr and '37Cs in Danish
vegetables consumed in 1986. The mean contents were 0.25 Bg
905y kg-! and 0.167 Ba '37Cs 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 Bqg 90gy kg'1 and 0.068 Bq 137¢cg
kg". The mean levels in Danish fruit (cf. 5.6) in 1986 were
0.067 Bg 99Sr kg=' and 1.82 Bq '37Cs kg~!. 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
905, kg~ and 1.32 Bg '37cs kg~!.

5.9.8. Meat

The annual mean values of 905r and '37Cs in meat were calculated
from 5.8.1: 0.010 Bg %0sr kg=! and 1.16 Bg 137Cs kg~'. (In a
Danish diet meat comprises 2/3 pork and 1/3 beef).

5.9.9. Fish
The 90sr and '37Cs contents in fish are estimated from 5.8.2 at
0.014 Bq 9%sr kg=) and 4.75 Bq '37cs kxg~'.

5.9.10. Eggs
The contents of activity in eggs were estimated from 5.8.3. The
levels were 0.017 Bg 99sr kg~! and 0.164 Bq '37cs kg~ '.




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 Bg
9037 xg-! and 1.29 Bq 137cs xg~1 1).

5.9.12. Drinking water

The 90Sr 1level (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 Bg 90sr kg~1. The
137¢cg content in drinking water was measured to 0.62+10"3 Bg
kg".

5.9.13. Discussion
Tables 5.9.3 and 5.9.4 show the estimates of 90g5r ana '37cs in
the Danish diet in 1986. The figures should be compared with

Table 5.9.3. Estimate of the mean content of 905y in the human
diet in 1986

Type of food Annual Bg 905, To;sl Petceg&aqe of total
quantity per kg Bg 14 Bg Sr 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 80.3 0.197 15.80 29.3
Potatoes 73.0 0.039 2.85 5.3
Veqetables ~43.8 0.25 10.95 20.3

Pruit 51.1 0.067 3.42 6.3

Meat 54.7 0.010 0.55 1.0

Eqgs 10.9 0.017 0.19 0.4

Fish 16.9 0.014 0.15 0.3
Coffee and tea 5.5 0.41 2.26 4.2
Drinking water 548 0.0003 0.16 v 0.3

Total 53.87

The mean Ca intake was estimated at 0.62 kg y~! (approx. 0.2-
N.25 kg creta praeparata). Hence the 90gr/Ca ratio in total
diet was 87 Bg 908r (kg Ca)-! (2.3 S.9.) in 1986.




Table 5.9.4. Estimate of the mean content of '37Cs in the human
diet in 1986

Type of food q:::::t Bg 137¢q Toss; . Perc?qsage.of total
it Y per kg Bq Cs Bq Cs in food

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
Vegetahles 43.8 n.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

Pish 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" the 137Cs/l(
ratios were 354 Bq '37Cs (kg K)~! or 9.6 M.U. in 1986.

the levels calculated from the total-diet samples (cf. 5.7).
The 90Sr estimates obtained by the two methods (cf. also figqg.
5.7.1) were 87 Bq (kg Ca)'1 and 109 Bg (kg ca)-?t, respectively,
or 0.15 and 0.16 Bg 905, (day)", and the 137Cs estimates were
1.32 Bq 137cs (day)~! and 1.45 Bq '37cs (day)-'.

The ratio between observed and predicted (cf. Appendix C) diet
levels was 0.59 for 39sr and 0.17 for 137¢cs.

The relative contribution of 20Sr 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 !37cs in-

take in 1986.

5.10. Grass and fodder samples

5.10.1. Grass collected around Rise

Table 5.10.1.1 shows the 90sr content in grass ash from Zealand
in 1986. The mean 90sr activity was 27 Bq 90g, (kg ash)“, or
460 Bg 90g, (kg ca)~!, i.e. the 1986 level was approximately
308 higher than 1985 level. Figure 5.10.1 shows the 90sr con-
centration in grass since 1957. The ratio between observed and
predicted (cf. Appendix C.1) 90sr level in qrass in 1986 was

0.32.

In Table 5.10.1.2 the 20sr levels in arass collected weekly at
Rise since Chernobyl are shown. The samples were combined to
monthly samples for June-September before analysis. In the
sample collected on April 28, the 898:/9°St was determined. 1In
the air sample from this date the ratio was 19.7 and from this
we estimate that 1/3 of the 905y in the grass was from Chernobyl.

Table 5.10.1.1. Strontium-99Q in grass from Zealand, 1986

Periods Bg %%y (kg ash)-! 8g 99¢ (kg Ca)-!
Jan-March 11.9 370
April-June 20.8 460
July-Sept 45 540
Oct-Dec 29 480
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 137¢s) 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 137cs 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 137cs 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 137¢cg kg'1 fresh weight, since May
1987 the levels have decreased to about 0.5-1 Bq 137cs kg -1.

Table 5.10.1.2. Radiostrontium in grass samples collected
at Rise after the Chernobyl accident in 1986

Date Bq 99sr xg~! Bq 9%r (kg Ca)! 89sr/90g¢
fresh w.

April 28 1986 4.2 810 6.5
Maj S - 1.59 760

June - 1.24 720

July - 1.27 490

Aug - 1.48 450

Sep - 1.1% 350

Table 5.10.1.3. Radionuclide ratios relative to Cs-137 in grass collected around Rise
April 28, 1986

955c  95mp  103p 131 132 133 134, 140g, 140, 141ge 239y

Rise 9 a.m. 1.31 1.32 0.79 P 1.61 5.4 0.56 2.0 1.85 1.40 7.0
Vindinge 3 p.m. 1.88 2.03 1.23 “ 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 $.3 29
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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
137cs 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 137cs on qrass also occurred after May
12. In a similar way the effective half-life of 1311 was est-
imated to 4.8 days corresponding to a field loss half-life of
12 days c&-+ 47 = 'I%F) but that was for the period May 12-
June 11. If the field loss half-life for 137Cs for this period
was calculated it became only 8.6 days. Hence we see an in-
creasing field loss half-life for 137cs 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 1311/137Cs 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 137¢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 Chernobyl only, the
895r/90sr on 26 April 1986 was determined to 16.8+2.5 (N = 4: +1
s.D.)zo). 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 0gr 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 137%s) in grass collected May 12, 1986

at t

he State experimental farms.

955, 95N,  103p, 106, 131y  132p  134ce 1360, 140p, 1401, 14ice 14dg,

Tylstrup 0.24 0.26 1.77 0.80 1.33 0.26 0.52 - 0.75 0.77 0.26 0.33a
Kale - 0.124 1.85 - t.33 0.29 0.61 - 0.80A 0.97 0.13B -
Borris - 0.17 2.4 0.918 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 0.1 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 0.10B 0.22 2.7 1,134 1.47 0.23 0.56 - 0.76 0.70 - -
Abed 0.25 0.30 1.92 0.60 1.74 6.29 0.57 0.12 0.74 0.79 0.24 0.25A
Tornbygdrd 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
§.D. .15 G.16 0.59 0.24 0.41 0.12 0.03 0.02 0.12 0.25 0.11 0.07
n 65% 68% 2N 26% 31 38¢ (1] 184 168 2N 478 2

N 7 10 10 5 10 10 10 7 9 10 R 3

Table 5.10.6. Radionuclide ratios (relative to ’37Cs) in grass collected around
June 11, 1986 at the State experimental farms,

pate 95zr 95Nn  103py 106g, 131y 13dcg 140, 140y, Mic. l4dce

Tylstrup 176 - - 0.79 - 0.198 0.56 - - - -
Kaloe 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 - -
Askov 10/6 - - 1.3% - - 0.55 - - - -
St. Jyndevad 10/6 0.09A 0.13 1.62 0.83 0.20 0.57 - 0.4 0.068 -
Arslev 10/6 0.17 0.2% 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 - 0.328 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 a.95 n.21 0.56 0,29 0,16 0.19 0.58
§.D. .36 0.53 0.73 0.48 n.o’ 0.02 - 0.04 0.1s 0.29
rel. s.n. 102% tots 44 St 32t 4t - 272 8ty 50t

N 5 S 9 6 ] 9 1 5 S 3




at the beginning of September 20% of the 905y 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
1311 (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 '31I 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 1311 1324 134¢cg  pq '37c
Sample Location Date * Ba N *
1986 ka"! 2 ka"! m? k¢! m2 kq-! w2

Dandelion Rise

(Zealand) 4/5 530 - 17.8 - 4.5 - 7.8 -
Stinging nettle Roskilde
{before rain) (Zealand) 1/5 670 - 16 - 24 -
Stinging nettle Roskilde
{after 20 mm rain) {2ealand) /5 530 - mn2 - 200 -
Moss Stinesminde

56°14'N 99s58°E 12/5 122 3500 - 19.6 570 48 1390
Moss Duecdde

Bornholm 22/5 55 470 - 23 193 46 400
Moss 20 km north of

Mirkaryd, Sweden 11/5 220 690 - 26 84 71 230
Moss -" - 20/5 179 890 - 57 280 200 1000
tichen - - 20/5 119 450 - - - 81 300




Tahle 5.10.8.
Chernobyl accident

i
!
:

Radionuclides

in various grass samples collected in the first days after the

Bg 31
per litre
of milk

Location Date
1986

Grevinge 1 yr
(Zealand) crop 3/5
-" - 2 yc

crop 3/5
-" - 3 yr

crop 3/5
Smidstrupqird
Munkebjerqg
(Zealand) 5/5
Gundsomaqle
(Zealand) 6/5
Sendersted, Toellese
(Zealand) 1/5
Hvorvarp
Ars, (E-Jutland) 6/5
Stinesminde
56914'N 9958'E 11/5
South Ralland
(Sweden) 4/5
7 km west of Svaneke
{Bornholm) 22/5
Askov S om

(S-Jutland) stubbles 27/S

-" - 0 cm
stubbles 27/5

8q 13'1
kg-! w2
75 20
85 20
65 15
700 -
475 175
750 210
830 -
300 169
1160 400
21.5 27
19.9 3
36 a1

30

88

32




Grass and Milk Collected at the State Exper-
imental Farms Medio June 1986

sen | Bq Cs kg Grass | .
5 B8q "Cs 7 Mitk

]
58°N { seoN

T
57°N { s7oN
56°N ‘LX'F‘VlQEV S6°N
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7B 8% 9°E 10°E 1°E  12°E 13°E WPE 1S°E  16°E

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

50°N | Bq e kg" Grass { 59N
Bq ¥cs 7! Milk
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N
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Fig. 5.10.2.2. Cesium-137 in grass and milk collected at the 10 Danish

state experimental farms in September 1986.




5.11. Sea plants

5.11.1. Sea plants collected in Roskilde Fjord
! Figure 5.11.1 shows the Bq 90g, (kg ca)~) levels in sea plants
: since 1959 and Table 5.11.1 the results for 1986. The mean
level in Fucus vesiculosus was 250 Bg 90gy (kg Ca)"1 (7.3 Bg
kg‘1 dry weight). We got no samples of Zostera marina in 1986.
The mean ratio between observed and predicted 90sr levels in
fucus was 0.53 (cf. Apendix C.1).

Fucus contained 22 Bq 137cs kg'1 dry weight.

Tabel 5.11.1. Strontium-90 and Cesjum~137 in Pucus vesiculosus Erom Roskilde Fjord in 1986

Location pate tdry Bq sy (kg ca}=! Bg %95r xg~' Bg '37cs (kg K)™! Bq '37cs kg-! 134ce
matter dry weight dry weight '?CA

At Bolund 74 17.0 240 3.8 190 6.5 -
- 18/6  20* 350 13.8 2500 78 0.48
L 2/10  19.% 109 7.3 1500 47 0.44
- 15/12  18.0 150 6.6 950 6 0.41
x 6/6  20* 220 5.9 3400 74 0.52
x 6/6 20+ 220 6.5 2800 73 0.%1

*Measured on fresh weight. We have used 20% dry matter as the best astimate.

Zom Illl[lIlT1r1||lTlI‘I_TIlIITlTII'II|1
v Fucus vesiculosus
- o Zostera marina
=~ 1500 - .
S 00
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2
=~ 1000 ~
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Fig. 5.11.1. Strontium-90 in sea plants from Roskilde fjord,
1959~1986.




5.11.2. Sea plants collected at Klint (55°58'N, 11°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 60co concentra-
tions than Fucus vesiculosus.

There was no significant difference between the 137¢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/
134¢g (Fig. 5.11.2) in fucoids, it seems that this ratio in-
creases from June to December rather than decreases. This may
reflect that 11omAg is accumulated in fucoids without any ap-
preciable excretion, whereas 134¢s has a relatively high excre-
tion. In case of 106Ru/134Cs (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
106gy gisappears 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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Fig. 5.11.2. The ratio: ''"Mag/'34cs in fucoids collected at Klint 1986-1987.

Fig. 5.11.3. The ratio: '0%Ru/'3%cs in fucoids collected at Klint 1986-1987.



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 95zr, 103Rry, 140La, 141ce 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 m?2 rain collector at Rise on April
29, 1986. Here we found: 95Zr/137Cs = 15; 1°3Ru/137Cs = 10;
140Ba/137Cs = 23; 141Ce/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 103Ry had pene-
trated into the old layer of lichen at Asserbo (N-Zealand). The
average depositions from Chernobyl was 940+122 Bq 137¢g m—2 at
Asgserbo and 1000+130 Bq 137cs m™2 at Oustrup Heath (W-Jutland)
{(+1 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 '37cs deposit (including old global fall-
out) was 2800+290 Bq m~2 and at Oustrup Heath we found 2300+260
Bq 137¢g m'z; Chernobyl thus contributed with 34% and 43s,
respectively, of the total 137¢cs at the two locations.

The lichen samples were collected by Ulrik Sechting, 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. Aarkroaq)

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 d&ivided
into eight zones. The samples were divided into five age aroups:
new-born (< 1 month), infants (1 month-4 years), children and
teenaéers (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
905y 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 (< 1 month old) in 1986

Zone Age in Month of Sex Bg (kg C.-:)‘1
days death
VI 19 8 M i0.2
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Table 6.1.2. Strontium-90 in bone from infants (< 4 years)

in 1986
Zone Age in Month of Sex Ba (kg Ca)"
months death
I 2 1" M 15 B
I 3 2 M 20 B
1 6 6 M 41
II 2 12 M 91 A
11 2 12 L] 15.4
II 2 9 M 150
II 2 10 M 29 A
II S 12 M 79 B
II 8 7 M 22
IT ] B M 32 A
II 11 Tt L 34
I1 40 9 M 22
1I 3 7 F 18 A
II 4 12 F 25
1I 18 2 F 13.1
IIt 6 12 ] 32
v 3 1 L] 35 A
VI 3 10 M 40
24 4 AR M 18.1
VI 7 12 M 30 B
vI 3 10 F 47 A




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)~!
years death
VI 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 Bg (kg Ca)‘1
years death

1I 23 3 M 28

\'2¢ 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 (kg Ca}~!
years death

1 45 2 M 18.3
I 47 2 " 19.8
1 54 6 M 11.0 A
1 65 3 " 17.4
1 74 7 ] 16.3
Ir 33 6 F 19.3
1§14 51 3 F 18.3
194 60 3 F 30
11 33 6 M 18.9
It 42 6 M 22
I a4 8 M 17.7
It 45 8 " 20.6
1I a8 3 M 25
11 50 6 M 13.2
11 52 7 M 25
11 s8 8 M 17.9
11 66 8 M 13.4
¥4 79 3 " 1.2
111 51 2 F 24
I 37 [ 18.8
vI 3 s P 16.9
VI 37 8 F 128
VI 39 10 F 21
vI 46 6 F - 46 B
V1 49 9 P 18.4
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Table 6.1.5. continued
Zone Age in Month of Sex Bq (kq Ca)~!

years death
V1 S0 8 P 19.9
VI 66 6 F 19.8
VI 70 10 13 2.8
Vi 76 10 F 31
VI 31 2 M 15.9
\'2 31 11 M 29
1’2 33 8 M 15.6
VI 36 5 M 27
VI 37 9 M 25
VI 41 11 M 18.2
VI 44 10 M 54 A
vl 45 6 M 15.4 A
VI 45 6 M 12.6
\'4 45 10 M 14.3
VI 45 9 M 34
VI 49 1 M 24
VI 50 9 L] 12.8
vI 51 8 M 13.6
VI 52 6 M 16.2
VI 53 6 M 11.0
VI 54 8 M 13.4
VI 57 6 ] 31 A
VI 58 6 M 12.5
vi 59 6 M 18.8
vI 59 10 M 18.0 A
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Table 6.1.5. continued
Zone Age in Month of Sex Bq (kg Ca)~!
years death

vi 61 [ M 14.2
\'2 4 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
\'2 4 72 10 M 14.6 A
Vi 17 10 M 20 A

0 e

vy

8
1
L

Bq %Sr (kg Ca)™’

&

-, ’
LY P
AT \

oLl i
65 70 4] 80 & 90 95
YEAR

Fig. 6.1.1. Strontium-90 levels (sample number weighted mean)
in bone from newborn (< 1 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) 196?-1986.
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Fig. 6.1.4. Strontium-90 levels (sample number weighted mean)
in bone from adults (> 19 years < 29 years) 1961-1986.
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Pig. 6.1.5. Strontium-90 levels (sample number weighted mean)
in bone from adults (> 29 years) 1961-1986.




Denmark in 1986. (Unit: Bg (kg Ca)~')

Strontium=-90 in human vertebrae collected in

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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Fig. 6.1.6. Strontium~-90 in human bone from Danish cohorts
1960-1966. Abscissa: age in years. Ordinate: bone level in
Bq 9%98r (kg ca)-t.
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6.2. Radiocesium in the human body (by J. Segaard-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 137¢s content in the body the
contribution from interfering radionuclides to the y-spectra
has made the determination of '37Cs 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.

x10 rl'rlI)Y_,’llhﬁlr]’l]llll]]‘rlIIIY,T'I'TII

7t 4

6+ 4
LS- i
x
2t Ji§ i
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Fig. 6.2.1. A comparison between obgerved (+1 S.E.) and calculatea?'!
Bq 137Cs (kg K)-1 levels in persons from the Islands.
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In Figure 6.2.2 the monthly mean values of 134¢c5 + 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 1levels. It appears
that the calculated levels are in good agreement with those
observed. The mean concentration in the period September 1986
- pecember 1986 was 1410 Bg 134cs + 137cs (kg K)~! (relative
S.D.: 35%).

200 4 : men (x)

I : women (o)
100 }
/ : children (0)

s ° (1986) ™ ® (month)

Bq Cs

Fig. 6.2.2. Radiocesium in Danigh men, women and children from
Sealand in 1986-1987. The '37Cs content is approx. 0.7 times the
total radiocesium (134Cs + 137Cs). The curves represent the

calculated levels based upon diet measurements (cf. Fig. 6.2.1).

———e
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?
| Table 6.2. Radiocesium (134*137Cs) in humans from Riso
i and environment measured in 1986
: No. Date Sex Agde Ba Cs (ka K)~' g K (kq)~!
‘ 2 9/9 -86 F 43 951 1.85%
§ " 13/10-86 F " 1661 1.72
p " 14/11-86 F " 1351 1.70
1 " 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 1.5%
5 11/9 ~86 M 36 2442 1.64
6 8/9 -86 M 54 491 1.50
» 21/10-86 M " 770 1.73
. 19/11-86 M . 1083 1.65
" 18/12-86 M " 1480 1.76
7 16/9 -86 F 47 1166 1.3%
" 23/10-86 F " R42 1.48
" 18/11-86 F " 1174 1.48
" 5/12-86 F " 1150 1.31
9 9/9 -86 4 58 1568 1.41
" 23/10-86 F " 1722 1.45%
" 11/11-86 F " 1773 1.58
" 16/12-86 F " 2139 1.48
n 11/9 -86 F 49 1928 1.28
" 13/10-86 F " 2340 1.34
" 11/11-86 F " 2076 1.34
14 16/9 -86 M 44 866 1.84
" 14/10-86 M " 962 2.01
d 19/11-86 M " 950 1.82
" 18/12-86 M " 969 1.82
15 11/9 -86 F 45 883 1.22
. 23/10-86 F " 1028 1.47
" 12/11-86 F " 1353 1.35
" 11/12-86 F " 129y 1.38
—t
i
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Table 6.2. continued

No. Date Sex Ace Ba Cs (kg K)~' a Kk (kg)~!
} 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
S : . 13/11-86 M . 2011 2.18
] . 9/12-86 M - 2107 2.42
18 11/9 -86 F 50 1204 3.02
3 " 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
i " 21/10-86 F " 1058 1.38
" 20/11-86 F " 1218 1.42
" 17/12-86 F . 1120 1.41
20 9/9 -86 M 43 1069 1.48
t “ 15/10-86 M " 1385 1.68
{ " 13/11-86 M " 1445 1.52
! " 16/12-86 M " 1719 1.60
| 22 16/12-86 F 5 1120 2.26
1 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) 13441374 Bg kq" 1 S.E.

J An approximate estimate of the 137¢cs content may be obtained
by multiplying the Ba Cs (kq K)~! 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-!

Date Location 905, 131, 137ceg  134cg/137¢,
May 11 Copenfiagen - 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 found2!) that for a
daily production of 1 1 human milk, 20-33% of the daily 137cs
intake and 2-3% of the daily 90sr 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?5), Tritium is also produced and injected into the stra-
tésphete as the result of thermonuclear explosions. At present,
this latter source has enhanced the natural inventory by about

N
| Siwrrenun
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a factor of ten25), FPinally, tritium is produced as a by-product
of the peaceful uses of atomic enerqgy: it is released hoth 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 kBg m-3. (Perscnal Communication
G. Ostlund, 1984). Hence we have discarded such results. We
have furthermore applied a background correction by subtraction
of 1.2 kBg 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 kBg 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 m=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 38 m~3, respectively (Table 4.3.2), i.e. nearly
the same as in 1985. Danish drinking water contained 0.3 kBg
38 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. Batter-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 1low 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.

S
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Table 8.2.1. TLD-measurements of the background
radiation (integrated over 12 months and normalized
to uR h=') at the State experimental farms in

1985/86
Location Oct 1985 - Sfpt 1986
uR h~
Tylstrup 7.3
Borris 7.1
@dum 8.3
Askov 8.7
St. Jyndevad 6.4
Blangstedglrd -
Tystofte 8.5
Abed 8.4
Mean 7.8

Table 8.2.2. Terrestrial exposure rates at the State
experimental farms meagsured with the NaI(Tl) detector
in 1986 (uR h-')

Location May July September November Mean
Tylstrup 4.0 3.8 3.3 3 3.6
Borris 5.8 4.0 3.3 3.4 4.1
Kale 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
Ledreborg 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
Mean 6.8 5.9 4.4 4.6 5.4

Figures in brackets were calculated from VAR312),




The yY-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.
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YEAR

] Fig. 8.2.1. Terrestrial exposure rates at the State experimental
farms in 1962-1976 and 1978-1986 measured with the NaI(Tl) de-

tector (uR 1.

eeses Axirkeby/Tornbygird

Abed, Blangstedgdrd/Arslev, Tystofte
Virumgdrd/Ledreborg, @dum/Kalg, Tylstrup
i —.—.— Jyndevad, Askov, Studsgird/Borris

8.3. Rise environment

The five zones around Rise are located as shown in Fig. 8.3.1.
The results of the TLD 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
rvadiation (7-month integration period and normalited
to 1R h~') in five zones (I-V) around Rise in 1985/86

Rise zone Location Oct 1955/50?t 1906
4R b~
b 4 1 8.8
- 2 8.9
- 3 17.4
- 4 8.7
" S 10.6
Mean 10.9
11 1 7.8
- 2 8.4
" 3 7.5
b 4 8.4
Mean 8.0
111 1 8.2
~ 2 8.6
. 3 8.0
Mean 8.3
v t 7.6
. 2 8.5
" 3 8.4
» 4 8.1
. S 7.0
. 6 8.0
- 7 9.3
Mean 8.1
v 1 8.1
. 2 9.8
. 3 9.7
" 4 7.6
" ‘S 8.3
4 6 8.3
~ 7 8.8
- 8 9.2
" 9 9.0
» 10 2.9
Mean 4.6
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Table 8.3.2. Terrestrial exposure rates at the Risa zones
in 1986 measured with the NaI(Tl) Aetector (+R h~!)

Rise zone Location Pebruary April August Noveaber
1 1 5.7 5.0 6.2 5.5
- 2 5.9 6.2 8.1 7.
b 3 66.1 54.4 56.7 62.2
" 4 5.6 5.7 6.8 5.8
b 5 10.1 9.2 11.6 10.7
Mean 18.7 16.1 17.9 18.3
11 1 5.0 4.6 5.9 5.1
. 2 5.4 5.0 6.1 5.3
- 3 4.9 5.1 6.1 4.8
. 4 4.7 4.5 5.3 4.8
Mean 5.0 4.8 5.8 4.9
III 1 5.2 5.4
. 2 4.7 S.1
. 3 4.3 4.4
Mean 4.7 5.0
v 1 4.0 4.4
- 2 4.5 4.5
. 3 5.1 4.9
- 4 4.3 4.3
- H 2.6 2.9
. 6 4.0 4.3
* 7 5.0 4.6
Hean 4.2 4.3
v 1 4.8 4.6
- 2 S.t 5.4
. 3 4.5 5.1
. 4 4.4 5.1
- 5 4.0 5.6
hd 6 4.8 4.4
- 7 4.8 5.0
- 8 4.9 4.5
" 9 4.8 4 4.8
. 10 3.5 3.8

Mean . . 4.6 4.8

[T N
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Fig. 8.3.1. The enviromment of Risg. Locations for measurements
3 of the background radiation.
b
8.4. Gylling Nes environment
The Gylling Nss 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. TLD of the background
radiation (integrated over 12 months and normalized
to uR h=1) around the Gyllingnes site in 1985/86
Location Oct 1985 - Sept 1986
wR h™
] 8.2 ,
2 8.8
3 8.8
Mean 8.6 x
:r;
. i
| i
I I
7 K ‘
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10°E 20°E

S6°N S6°N

45°N

45°N

10°E 20'E

Fig. 8.4.1. The enviromment of Gylling Nms. 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 Langeland
Belt (an international shipping route) are likewise routinely
monitored with TLD's; the results and locations are shown in
Table 8.5.1 and Fig. 8.5.1, respectively.
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Fig. 8.5.1. The coasts of the Great Belt. Locations for measurements [
) of the background radiation. 1
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Table 8.5.1. TLD-measurements of the back-
ground radiation (integrated over 12 months
and normalized to uR h~l) along the coasts
of the Great Belt and Langeland Belt in
1985/86
Location Qct 1985 - Sspt 1986

uR h™

Resnas 7.8
Reerse 9.1
Svendstrup 7.6
Vesternas 9.5
Frederiksdal 8.7
Kelds Nor 12.3
Tranekar 9.8
Hov 8.7
Fyns Hoved 8.2
Knuds Hoved -
Mean 8.1

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 Fia. 8.6.1, respectively.

Table 8.6.1. TLD-measurements of the
background radiation (integrated over
11 months and normalized to yR h")
on the island Bornholm in 1985/86

Location April 1985 - May 1986
ur h-!

1 9.8

2 9.8

3 9.2

4 16.0

Mean 11.2

i 5
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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 Auqust
1985 and December 1985, i.e. prior to the Chernobyl accident.

The net exposure rates in May 1986 were related to the accumu-
lated 137cs from Chernobyl at the various locations (by Sep-
tember 1986). The followinag relationship was found:

uR h=) = 0.0025 Ba 137cs m~2 - 0.44 {Ea. 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~0-7328 (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 137Ccs from Chernobyl was determined
to 1290 Bq '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 uR h~! corresponding to 24.4 mR yr~1. 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" in absolute terms.
Hence Eq. 2 becomes:

24.4x0G.1274
mR yr-1 = _ x"0.7328 (Eq. 3)
1.348
or
mR yr‘1 = 2,3 x-0.73

In order to calculate the total air exposure from y -emitters
deposited in Denmark after Chernobyl we may intearate Eg. 3:

{7 2.3 x-0.73 gy = [_;__ xo.27]
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 137¢cq (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 [ 0.205%x0.3] + 0.20 [0.205x0.3x0.1] = 0.050 mSv
The first-year dose can be estimated by integrating Eg. 3 from
0.02 to 1 year, which gives a value of 5.6 mR. Thus the external

first-year dose from Chernobyl can be estimated at:

0.80 [0.056x0.3] + 0.20 [0.056x0.3x0.1] = 0.014 mSv
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9. CONCLUSION

9.1. Environmental monitoring at Rise, Barsebilick 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 fiord water
collected close to Risa. FPor a person eating 100 kg fish per
year caught just outside Rise, and containing 0.2 kBq 34 from
Rise, the annual dose becomes 3.3 X 109 Sv or 1.5 x 1076 times
the dose from the natural background radiation.

Benthic brown algae, mussels and fish collected at the Swedish
nuclear plants at Barseblick 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 90Sr in air collected in 1986 was 26 uBq
m=3 (0.7 £Ci 90sr m~3), i.e. 87 times of the 1985 level. The
mean concentration of 137Cs in air was 1340 uBqg 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 90gr m-2
(1.03 mCi 905y km~2) or 48 times the 1985 figure, and the mean
concentration of 90sr in rain water was 63 Bg 90sr m~3 (1.70
pCi 905y 1'1). The deposition of 137¢cs was 1070 Bgq m-2 (meas-
ured in precipitation) and 1360 Bq 137¢cs m~< measured in soil
samples.

By the end of 1986 the accumulated fallout was approximately
1570 Bq 99sr m~2 (42 mCi 90Sr km~2). The corresponding 137cs




was estimated at 3760 Bg m~2, Hence the Chernobyl accident in-
creased the accumulated 137Cs fallout in Denmark by 50%.

The median level of 90Sr in Danish ground water was 0.12 Bq m~3
(3.3 fci 90sr 1-1),

Inner Danish surface waters (salinity ~ 16 o/oo) contained 22
Bq 90sr m~3 (0.59 pci 90sr 1-!) and 97 Ba 137cs m~3 (2.6 pcCi
137¢cs 1-1y. Compared with 1985 the 905y 1level was nearly un-
changed in 1986, but the 137Cs concentration increased by a
factor of 4.6.

9.3. FPallout nuclides in the human diet

The mean level of 99Sr in Danish milk was 64 Bg (kg ca)~1! (1.7
S$.U.), and the mean content of 137¢cs was approximately 1060 Bq
m~3 (28.6 pci 137¢cs 1-1).

The 1986 90Sr level was 1.07 times the level found in milk pro-~
duced in 1985, but the '37Cs was 14 times higher. The %0Sr mean
content in grain from the 1986 harvest was 0.47 Bg kg~! (13 pCi
905y kg~'). The '37Cs mean content in qrain was 3.3 Bg kq~! (90
pci 137cs kq-1). The 90Sr level in grain from the 1986 harvest
was 1.15 times the level found in the 1985 harvest, and 137cs
was 41 times the 1985 level.

The mean contents of 90sr and '37cs in Danish vegetables col-
lected in 1986 were 0.25 Bq 90Sr kq~! (6.8 pCi kg~!) and 0.17 Bq
137¢s kg‘1 (4.5 pCi kg“), respectively, and in fruit 0.067 Bq
90sr kg~! (1.8 pci kg~') and 0.068 Bq '37cs kg~ (1.8 pCi kg~');
potatoes contained 0.039 Bq 90gy kg‘1 (1.0 pCi kg") and 0.20
Bq 137cs xg~! (5.3 pci kg™').

The mean levels of 90sr and '37¢cs in Danish total diet in 1986
were 98 Bq 90sr (kg ca)~' (2.6 S.u.) and 370 Bq '37Cs (kg K)~!
(10 M.U.), respectively. The levels of 90sr and '37cs 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 90sr intake; 18% of the 137cg in the diet originated from
grain products, 13% from meat, and 37% from milk products. Pish
contributed with 11% to the '37Cs diet intake.

The predicted levels of 137¢cs 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 90Sr mean content in human bone (vertebra) collected in
1986 was about 20 Bq (kg Ca)~! (0.5 S8.U.).

Whole-body measurements of 137cs were resumed after the Cher-

nobyl accident. The measured mean level in 1986 was 950 Bgq 137¢g
(kg K)=1 (16.1 pci '37cs (g K)°1).

9.5. Tritium in environmental samples

The tritium mean concentration in ground, stream, lake and
drinking water was approximately 1 kBgq 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 yuR h=1. This is only
slightly higher than last year (7.5 uR h“) 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(Tl) detec-
tor was 5.4 uR h~', which is significantly higher than last
year (4.2 UR h"). 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 239Np. 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 958 of 137Cs comes from Chernobyl. The sample was
collected to a depth of 5 cm. In case of 239,240 py 10% were
from Chernobyl. As we have no 895r determination on this sample
we do not know how much of the 30Sr was from Chernobyl: but if
we assumed 137cs/90sr in global fallout equal to 1.6, we can
estimate the 20sr global fallout: JQ}QQ;%lQQ = 310 Bg m2, as
90sr moves faster in the soil than 137cs the 137¢s/90sr in
global fallout may probably be higher than 1.6. Hence 310 Bq m—2
is an upper estimate of the global fallout derived 905y, A lower
limit for 90sr coming from Chernobyl in Bukarest should then be
1040-310 = 730 Bq m~2, and 995r/!37Cs in Cihiernobyl 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 239:240py and 137cs became 2x1074 in
the Bukarest soil, which is lower than seen in the Kiev soil
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(35X10") and in the Brest lorry dust (7.5x10“) but higher than
seen in Baltic Sea air dust (0.45x10"4) (cf. Table 4.1.4.3).

The grass turf from Kiev (Table A.3) showed inhomogeneities
with respect to transuranic elements. The sample contains in
4 1 general higher relative amounts of refractory elements such as

f 95zr, radiocerium and transuranics than the other Chernobyl
samples in this report. This is explained by the proximity of
i 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

Ny

95g¢/137ce 0.28
953¢/137¢cq 1.7
103py,137¢cg 3.3
140p, ,137cq 3.9
141cq/137¢ 1.6
‘F 239,240p,/137¢q 0.75 x 10™3

895y /905, 17
103g,,/106g, 4.3
134cg/137cq 8.53
141ce/144c, 1.35
238p, /239, 240p, 0.40
2420243, 244cp 91
24159/239,240p, 0.061
242¢y, 239,240, 8.0
1315 ,137¢4 18
13224/137¢4 12
239Np/137cs 19
237,137, 1.1

136¢cg/137cq 0.26
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Table A.2. 8Soil sample collected in Bukarest,
June 10, 1986. All data are decay corrected
to April 26, 1986

e e M

Bg m2 Bq kg“ N

% 905y 1040:210 17 + 3.4 3
; 955, 1160 19
} 103gy 28000 460
106g, 7000 114
134¢g 5300 86
137¢cg 10200+ 168
1405, 41000 680
141ca 3100 52
144c, 2400 40
238p, 1 0.016:0.001 2
239,240p, 20t 0.33 :0.01 2
241, 6 0.10 '0.01 2
242¢, 21 0.34

*1£ 134cg/137Cs in Chernobyl debris is 0.5420) the
deposition of 137Cs from Chernobyl becomes
9700 Bq m~2.

+1f the 242¢m/239,240p,; i, Chernobyl debris is
10.620) the deposition of 239:240p, from Chernobyl
becomes 1,96 Bg m=2,

The error term is 1 S.D.
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Table A.3.

Grass turf collected in Kiev September 1986.

All data are decay corrected to April 26, 1986

1st determination 2nd determination

89s¢ 505 kBg m~2

90gy 36 - " -

95zr 1880 - * -

103gy 1370 -~ -

106Ry 290 - " -

110magq 1.5- % -

125gp 6.9- * -

134cq 49 - -

137¢s 100 - -

140g, 2400 - * -

Hice 1820 - * -

144ce 1260 - " -

238py 84 Bq m~2 190 Bq m~2
239,240p, 190 - * - 510 - * -
241py 14900 - " - 32000 - " -
241pm 25 - - 52 - " -
242cp 2600 - " - 4600 - " -
243, 244¢p 24 - - 31 - -
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APPENDIX C

For the calculation of the 137Cs levels before 1983 we have as-
sumed the 137Cs/9°Sr ratio equal to 1.6 because that was the

ratio used in reference 21.

s
Appendix C.1. Comparison between observed and predicted 90Sr levels in environmental samples

collected in 1986

Sample Location Unit Obgerved Predicted Obs./pred. Model in
reference (21}
Dried milk Jutland Bq #0sr (kg ca)~! 75 166 0.45 C.3.2.% No. 1
- - Islands - - 47 a 0.58 - " - No. 3
Rye Jutland 8q 30sr kg~! 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 9.73 0.70 - " - No. 4
- Islands - - 0.29 0.3) 0.%4 -" - No. 6
wWheat Jutland - - 0.45 0.59 0.76 - " - No. 8
- Islands - - 0.29 0.28 1.04 - - No. 10
Oats Jutland -" - 0.87 1.41 0.62 -" - No. 12
- Islands -" - 0.43 0.69 0.62 - - No, 13
Potatoes Jutland -" - n.040 0.101 0.40 €.2.5.1 No. 8
- Islands -" - 0.039 0.093 0.42 -" - No. 10
Cabbage Jutland - " . 0.20 .32 0.63 - - No. 1
- Islands - - 0.24 0.28 0.86 -" - No. 3
Carrot Jutland - - 0.23 0.52 D.44 - - No. 5
- Islands - - 0.27 0.17 1.59 - - No. 6
Apples Denmark - - 0.0088 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. &
Total diet C - Bg 90sr (kg ca)~! 109 168 0.65 C.4.2.1 No.
- . P - -" - 87 148 0.59 -" - No. 7
Ruman 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, 1
Pucus vesiculosus - -" - 250 470 0.53 C€.2.7.1 No. 13
Ground water*+ Denmark  Bg %0sr m-? 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.% 9.6 2.86 - - No. 6

*¢Mean of all ground water samples except Peldbak (cf. ¢.3.1).
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Appendix C.2. Comparison between observed and predicted 137cs levels in environmental samples
collected in 1986
Sample Location Unit Obgserved Predicted Obs./pred. Model in
reference (21)
Dried milk Jutland Bq '37Cs (kg K)~' 1010 4700 0.21 C.3.2.2 No. 1
- - Islands -" - 790 2400 0.33 - - No. 3
Rye Jutland Bgq '37cs kq-! 10.4 58 0.18 C.2.2.4 No. 1
- Islands - - 12.2 59 6.21 - - No. 3
Barley Jutland -" - 0.80 50 0.02 ="~ No. 4
. Islanda -" - 0.99 40 0.02 - - No. S
Wheat Jutland - - 0.57 50 0.01 - - No. 6
- Islands -" - 0.71 4 0.02 - - No. 7
Oats Jutland -" - 0.76 41 0.02 -" - No. 8
. 1dlands -" - 0.71 37 0.02 -" - No. 9
Pofltool Jutland -* - 0.35 4.5 0.08 C.2.5.3 No. S
. Islands -" - 0.042 3.6 0.01 - - No. 7
Cabbaqge Denmark - - 0.21 1.0t 9.1 - " - No. 1
Carrot “ . - - 0.103 1.85 0.06 -" - No. 3
Apples d - - 1.70 2.4 0.7 C.2.5.3 No. 11
Pork - -" - 0.69 20 0.03 C.3.4.2 No. 3
Beef . -" - 2.1 30 0.07 - " - No. 1
Eqgs - - 0.164 0.016 10.3 C.3.6.2 No. 6
Total diet C . 8q '37cs (kg K} 390 1890 0.21 C.4.2.2 No. 1
. " 4 - - - 354 2090 0.17 -* - No. 6
Appendix C.3. Deposition in 1986 in Bq m~—2
Jutland Islands Denmark
40gr Jan-Dec 40 37 8.5
137cs«Jan-Dec 1340 1080 1210
903r July-Aug 2.05 1.76 1.91
90s5¢ may-Aug 28.18 26.05 27.41
137¢s July-Aug (94) (63) (78)
137cs May-Aug 790 754 772
*Mean of precipitation and soil measurements.







APPENDIX D

di:
Annual fallout rate in mci 99sr km~2 y"1 or in Bg 905y 2 y“.
Accumulated fallout by the end of the year (i) assuming effec-
tive half-lives of 90sr of 28.8 y. Unit: mCi %20Sr km~2 or Bq
905y m—2,

dj (May-Aug) and dj(July~-Aug):

The fallout rates in the periods: May-Aug and July-Auq, respect-
ively. Unit: mCi 90sr km~2 period~! or Ba 20sr m~2 period-1.
The fallout rate (dj) 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 90Sr fallout in Denmark and New York
was 0.7 in the period 1962-1974.

The di (May-Aug) 2nd dj(July-Aug) values were also obtained from
4.2") for the period 1962-1984. For the years 1959-1961 the
values were calculated from data obtained from 90sr analysis
of air (1959) and precipitation samples (1962 and 1961) col-
lected at Rise. Before 1959, the values were estimated from the
corresponding dj values assuming that the ratios dj(Mmay-aAuq)/di
and dj (July-Aug)/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 90Sr km~2 figures and Table D.2 qgives
the Bg m~2 values.
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Appendix D.1. FPallout rates and accumulated fallout (mCi 905r km~2) in Denmark 1950-1986

Denmark Jutland Islands
Year ai Al (28.82) ai Ai(28.82) [ }3 51(28.82)
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 2.50% 4.997 2.831 5.655 2.1 4.340
1956 3.101 7.898 3.510 8.939 2.692 6.858
1957 3.10¢ 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 1.481 21.787 1.676 28.661 1.285 18.913
1962 7.428 28.493 7.976  31.830 6.880  25.158
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
b 1967 1.047 56.023 1.176 62.048 0.918 49.997
h 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
197 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 n.168 47.750
1974 0.710 53.183 0.779 $9.171 0.643 47.197
1975 0.414 52.272 n.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 43.867
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 $0.332 0.043 40,184
1983 0.036 4.174 0.036 49.123 0.037 39.227
1984 0.029 43.110 0.03) 47.941 0.026 38.283
1985 0.022 42.067 0.020 46.776 0.023 37.1360
1986 1.041 42.042 1t.a81 46.674 t.000 37.412 ,

~4




Denmark

Jutland

Islands

ai ai
(May-Aug) (July-Aug)

i i
dl(nnv-Auq) 4 (July-Aug)

di (May-Aug)

di(July-Aug)

0.0
0.05

0.1
! 0.27
1.03

0.01
0.02
0.05
0.12
0.46
0.60
0.74
0.74
1.03
0.68
0.3
0.47
1.857
5.629
2.568
0.850
0.418
0.141
0.426
0.276
0.547
0.405
0.084
0.033
0.190
0.075
0.010
0.107
0.096
0.030
0.022
0.060
0.0071
0.0048
0.007%
0.0054
0.052

0.01
0.06
0.12
0.3
1.16

0.0t
0.03
a.05
0.14
0,52
0.68
0.84
0.84
.17
0.75
0.34
0.52
2.052
$.932
2.910
0.852
0.496
0.134
0.460
0.319
0.632
0.516
0.084
0.039
0.219
0.091
0.011
0.085
0.098
0.031
0.025
0.058
0.0085
0.0055
0.0090
0.0046
0.055

0.01
0.0S
6.09
0.23
0.89
1.17
1.45
1.45
2.00
2.24
0.42
0.590
3.880
9.177
5.299
1.964
1.114
0.354
0.786
0.505
0.740
0.830
0.244
0.057
0.378
0.157
0.032
0.190
0.188
0.084
0.038
0174

“0.020
0.0114
0.0106
0.0088
0.70

0.01
0.02
0.04
0.10
0.40
0.52
0.65
0.65
0.90
0.61
0.28
0.42
1.662
5.327
2.226
0.848
0.340
0.148
0.392
0.233
0.462
0.294
0.084
0.027
0.162
0.060
0.009
0.129
0.093
0.029
0.0180
0.061
0.0058
0.0043
0.0059
0.0062
0.048




P —

- 236 -
Appendix D.2. Pallout rates and accumulated fallout (Bg 90sr m=2) in Denmark 1950-1986
Denmark Jutland Islands
Year di Al(z._gz) ai Al(zg_gz) di Ai(zg.gz)
1850 9.777 0.759 0.814 0.795 0.740 0.722
( 1951 3.737 4.389 4.218 4.894 3,256 3.884
f 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 84.4138
. 1955 82,537 185.224 104.747 209.599 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 42.180 774.629 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 2098.0S57 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 1862.009
1969 38.295 2074.909 45.917 2302.078 30.673 1847.704
19270 60.939 2085.092 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 1786.8%4
1974 26.270 1991.847 28.823 2216.082 23.791 1767.617
1975 15.318 1959.467 16,724 2179.746 13.912 1739.19)
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 N.806 1591.452 0.744 1771,286 0.868 1411.618
1986 38.5 1591.218 40 1766.622 37 1415.882

A




e s vieveanrate O

- 237 -

Denmark

Jutland

Islands

Year 4i

{May~-Aug) d‘(July-Aug)

ai dai
{May-Aug) {July-Aug)

di (may-aug)

di(July-Aug)

1950
1951
1952
1983
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1991
1982
1983
1984
1985
1986

0.370
1.850
4.070
9.990
38.110
49.950
61.790
61.790
85.840
92.500
17.390
24.420
156.251
368.705
230.695
75.073
38.813
13.579%
31.376
22.718
33.596
36.704
9.361
2.775
15.577
5.883
1.184
6.586
9.584
3.182
1.903
6.464
0.816
0.483
N.488
0.318
27.4

0¢.370
0.740
1.850
4.440
17.020
22.200
27.380
27.380
38.110
25.160
11.470
17.390
68.709
208.273
95.016
31.450
15.466
5.217
15.762
10.212
20.239
14.985
3.108
1.221
7.030
2.775
0.370
3.959
3.552
1.110
0.816
2.205
0.263
0.178
0.277
0.200
1.9

0.370
2.220
4.440
11.470
42.920
56.610
70.300
70.300
97.310
102.120
19.240
27.010
168.942
397.861
265.290
77.478
36.408
14.060
33.670
26.751
39.812
42.698
9.694
3.4410
17.131
6.623
1.184
6.068
10.175
3.219
2.386
6.494
0.876
0.544
0.581
0.276
28.8

0.370
1.110
1.850
5.180
19.240
25.160
31.080
31.080
43.290
27.750
12.580
19.240
75.924
219.484
107.670
31.524
18.1352
4.958
17.020
11.803
23.384
19.092
3.108
1.443
8.103
3.367
0.407
3.145
3.626
1.147
0.936
2.144
0.314
0.202
0.336
0.169
2.0%

0.370
1.850
3.330
8.510
32.930
43.290
53.650
53.650
74.740
82.880
15.540
21.830
143.560
339.549
196.063
72.668
41,218
13.098
29.082
18.685
27.380
30.710
9.028
2.109
13.986
5.809
1.184
7.030
6.956
3.108
1.420
6.433

* 0.75%

0.423

a.39%

0.326
26.0

0.370
0.740
1.480
3.700
14.800
19.240
24.050
24.050
33.300
22.570
10.360
15.540
61.494
97.09%
82.362
31.376
12.580
5.476
14.504
8.621
17.094
10.878
3.108
0.999
5.994
2.220
0.333
4.773
3.441
1.073
0.664
2.265
0.21%
0.160
0.216
0.230
1.76




APPENDIX E

Detailed Chernobyl air, precipitation and grass data

Page
Contents

RiS® Qir Eul tuiuieiiennaansoscsooccrscscennnnssccsansnccas 239
Bornholm air E.2 ...ieeiroccoccncrseccscasnonscssenanssnss 248
Rise precipitation 10 m2 ion exchanger E.3 .eceeevenssnes 253
Rise precipitation 1 M2 Ba tervrnnneneonanennnnsencannnns 255
Rise grass (Unit: Bq kg") BeD teeveneesennnsoscossnassans 257
Rise grass (Unit: Bq m‘2) Eeb cieveieteceneenocnecnnsrsose 263

TR Bt
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93-22
103-20
106-RU
i3i-1
132-1
133-1
134-CS
137-C8
140-BA
140-14
141-CE
144-CE
238-P0
239,240-MU
241 -aM
242-0
244-Q1
90-SR
89-SR/90-SR
95-ZR
103-RU
131-1
132-1
133-1
134-CS
137-Cs
140-BA
140-LA
141-CE
93-2R
103-RU
131-1
132-1
133-1
134-C8
137-C8
140-LA
141-CR
131-1
132-1
137-C8
131-1
132-1
134-C8
137-C8
140-1A
131-1
132-1
137-C8
7-B2
90-8%
95-22
103-R0
106-RU

1986 APR 24-1986 APR 28 NEN SAMPLER § FILTER

1985 APR 28-1986 APR 29 NEW SAMPLER 6 FILTER

1986 APR 29-1986 APR 30
1985 APR 30-1986 MAY 0L
1966 MAY 01-1986 MAY 02
1986 MAY 01-1986 JUN 02

NEW SAMPLER SHUNT

10
18

-
- oo

[ R e

-
N O

vebweBBR 8080,

Ob—ﬂuzsl

50581.447
52753.832
10344.227
232622.74%
132000.000
350000.000
35370.493
63608.520
92611.833
87001.534
497%0.987
32706.973
3.692
6.400
0.761
119.960
2,251
1436.735
19.700
560.000
460.000
4600.000
1580.000
540.000
540.000
980.000
1000.000
3300.000
470.000
700.000
420,000
14700.000
4200.000
2100.000
4300.000
7400.000
910.000
610.000
610.000
190,000
$0.000
750.000
310.000
100.000
280.000
3460.000
530.000
490,000
200.000

-+ 5654.230
93.878
1537.806
30315.835
9688.146

8.813
18.988
1.812
176.730
2,419

195.918




[P

134-C3
137-c8
140-14
141-C2
144-CX
89-5%/90-58
103-a0
131-1
132-1
137-C8
95-78
103-RU
131-1
132-1
133-1
134-C8
137-c8
140-BA
95-7
103-3U
131-1
1321
134-CS
137-C8
140-BA
140-LA
141-c2
238-PU
239,240-PU
261-A
242-04
244-04
7-BR
95-7R
103-RU
106-RU
131-1
132-1
134-CS
137-C8
140-1A
141-CE
144-CX
238-P0
239,260-PU
241-AM
242-01
244-04
95-2R
103-RU
131-1
132-1
133-1
134-C8
137-¢c8
140-BA
140-1A
141-CE
95-7R
103-RU
131-1
132-1
134-C8
137-C8
140-BA
140-14

1986 MAY 02-1986 MAY 03 NEW SAMPLER 6 FILTER

1986 MAY 03-1986 MAY 04

1986 MAY 04-1986 MAY 05

w ~
lUbUNﬂUU\‘NUQIMN.'F'NgbGOD'MOOHMﬂF‘NUgQg:

-
»~

5738.412
10534.425
3679.576
1408.512
1126.121
12.800
130,000
17600.000
210.000
220.000
370.000
1880.000
223900.000
5100.000
1400.000
2120.000
3560.000
2300.000
4630.000
15300.000
410000.000
30500.000
14200.000
22700.000
9100.000
8700.000
4460.000
0.373
0.497
0.484
4.413
0.529
8097.708
2582.946
11605.702
3292.109
264302.697
17100.000
14342.357
23965.937
8377.138
2451.123
2077.188
1.321
2.24)
0.264
43.004
0.467
6480.000
9470.000
362000.000
14400.000
1100.000
9650.000
15440.000
8700.000
9000,200

0.295
0.400
0.213
3.940
0.548

0.212
0.291

2.439
0.1

1.424



131-1

137-C8
140-14
103-R0

1966 MAY 03-1986 JN 02

1906 MAY 06

1986 MAY 12-1986 MAY 14
1986 MAY 14-1986 MAY 15
1986 MAY 15-1986 MAY 16
1986 MAY 16-1986 MAY 17
1966 MAY 17-1986 MAY 18

1966 MAY 18-1986 MAY 19

LT SAMPLER GLASS

VI SAPLER 6 FILTER

bbnuuuounuhsubunnuaw

-
»

520.000
77.551
16.000

3700.000
40700.000

7300.000
12400.000
4300.000
7500.000
1990,000
7800.000
164000.000
3900.000
6400.000
4100.000
6100.000
3200.000
644000000
496000000
82400.000
154400.000
64500.000
50300.060
3500.000
0.302
0.665
0.682
3.660
0.373
4677.004
49.262
62117.504
18738.728
17902.270
7964.493
1642.893
14449,212
4655.918
4992.985
194.474
230.854
0.003
0.195
4299.062
463.838
739.376
4350.000
8251.430
1235.727
2272.353
880,000
3245.429
487,152
880.622
310.000
+1508.162
168,856
292.219
60.000
530.000
2771.549
431.452
783.461
160.000
680,000

89.796

0.282
0.374%

4.638
0.682

0.148
0.095




131-1
134-CS
137-c8
103-20
1311
134-C3
. 137-c8
239,240-P0
42-0
24401
103-RU
. 131-1
. 1921
134-C8
136-Ca
137-C8
7.2
10330
131-1
134-C8
137-C8
140-14
7-3K
103-RU
131-1
134-C8
137-cs
7-BE
103-RU
131-1
134-CS
136-Cs
137-c8
140-1A
7-BE
10381
106-RY
131-1
136.c8
137-C8
140-1A
7-BR
95-20
103-RU
131-1
134-C3
137-c8
141-CB
7-38
103-R
131-1
134-C8
{ 137-c8
1-38
103-RY
131-1
134-c8
137-c8
7-82
103-30
10631
1311
: 134-C8
: 137-c8
: 7-28
| 103-80

1986 MAY 19-1906 MAY 20

1986 MAY 22-1986 MAY 23

1986 MAY 23-1986 MAY 26

1986 MAY 28-1986 MAY 29
1986 MAY 29-1936 MAY 30

1986 MAY 30-1986 JUN 02

19506 JUN 02-1986 JUN 05

2 g 4
2 1663.992
6 388,275
s 744,968
4 2220.000
4 2248.152
5 1367.364
& 2421003

1 0.070

32 0.127 0.140

16 0.546
3 2173.496
3 2507.328
3 94344.410
3 1438.880

17 267.587
3 2598.644

14 142,718
[ 1601.783
3 2006.858
s 782,936
5 1322.503

29 590,627

15 4614.205
3 2747.069
4 2809.772
6 1022.112
s 1772.7112
3 5153,000
1 3783.206
1 1805. 169
1 1221,249

28 114,257
1 2275.187
7 190.253

11 3352.038
3 1700.08¢

39 963.963
5 1029.120
5 748.740
4 1300.118

s 453.882

10 2575.94)

39 92.791
s 794,525
7 517.007
7 314.819
6 $93.957

13 108,931

26 1216,446
1 738.281

10 481.501

14 195.620

1 330,033

7 700.856
4 927,222
9 533,149

17 145,561

12 330,422
5 z108.147
2 678.511

26 377,886
7 225.311
4 257.319
3 472,401
3 1875.315
2 518.568 :

[P



g e - L - A e L 4
o p
‘ !
& : - 243 -
106-30 - - 18 217.925
1311 - - 6 144,475
134-CS - - 3 194,207
137-C8 - - 2 348.180
! 140-14 - - 18 26.901
90-s8 1986 JUM 02-1986 JUN 30 LT SAMPLER GLASS 30 1.621 2.069
¥ . 7-38 - NI SAPLER SBAT 6  4191.081
! 90-98 . - 19 5.944
10330 - - 10 335.747
: 134-CS - - 12 166.574
137-c8 - - 9 219.561
: 7-88 1986 JUM 05-1986 JUN 09 NEW SAMPLER 6 FILTER S 1502.228
i i 103-R0 - - 2 540.243
106-R0Y - - 19 282.765
L 131-1 - - 1 86.634
: 134-CS - - s 69.867
137-C8 - - 7 120.460
140-L4 - - 19 45.627
7-BE 1986 JUN 09-1986 JN 12 - 2 6933.916
103-R0 - - 3 447,918
p 106-RU - - 31 278.227°
131-1 - - 13 103.137
134-C8 - - 6 111.226
137-c8 - - s 236.094
7-82 1986 JN 12-1986 JWN 16 - 6  2925.177
103-RY - - s 292.192
131-1 - - 37 73.856
134-C8 - - 13 108.498
137-C8 - - 1 193.601
7-8E 1986 JUN 16-1986 JUN 19 - 3 3248.560
103-RU - - 7 162.046
131-1 - - n 44,084
134-CS - - 13 52.318
S 137-¢$ - - 9 114.382
1 140-1A - - 8 225.859
4 7-BE 1986 JUN 19-1986 JIN 23 - 3 2805.043
103-RY - - 11 79.513
137-c8 - - 20 40.723
1-BE 1986 JUN 23-1986 JN 26 - 2 2829.303
{ 103-R0 - - 8 49.922
! 134-CS - - 9 31.798
. 137-c8 - - 7 57.112
140-LA - - 38 6.973
7-3% 1986 JUN 25-1986 JIN 30 - 4 29%8.751
137-¢8 - - 29 35.086
7-BE 1986 JUN 30-1985 JUL 03 - 3 4333.064
103-RU - - 21 43.979
137-c8 - - 21 46,006
7-38 1986 JUL 03-1986 JUL 07 - 3 2843.895
103-R0 - - 15 38.572
134-C8 - - 19 18.602
1 137-c8 - - 12 45.019
7-82 1986 JUL 07-1986 JIL 10 - 1 2667.069
103-30 - - 13 16,892
134-C3 - - 10 17.987
137-c8 - - 9 32.605
7-0E 1986 JUL 10-1986 JUL 14 - 1 sz
103-2 - - 5 10,252
134-C8 - - ‘ 9.682
137-c3 - - 3 17.187
782 1986 JUL 14-1986 JUL 17 - 1 2a38.883
9528 - - 3% .18
10330 - - 3 36.454
106-00 - - 2% 31.396
! 134-C8 - - 1 101,560
137-¢8 - - 1 201.046




P - ]

7-28
103-0
106-R0
134-CS
137-C8
1-38
95-
103-R0
134-C8
137-C8
7-32
103-RU
106-RU
134-C8
137-C8
7-BE
103-R0
134-C3
137-C8
7-BE
103-RU
134.C8
137-C8
141-CE
7-BE
103-RU
134-C8
137-C8
7-BE
103-RU
134-C8
137-C8
7-BE
93-2R
103-RU
106-RU
134-CS
137-C8
141-CE
144-CE
7-BE
103-RU
134-CS
137-C8
7-BE
95-28
103-RU
134-C8
137-C8
-8
103-RU
134-C8
137-C8
7-3%

93-Z0
103-R0
106-RU
134-CS
137-C8
141-CB
144-CR
7-BE

103-R0
134-C8

- 244 -

1966 JUL 17-1986 JUL 21

1986 JUL 21-1966 JUL 24
1986 JUL 24-1986 JUL 28
1986 JUL 28-1986 JUL 31
1986 JUL 31-1986 AUG 04
1986 AUG 04-1986 AUG 07
1986 AUG 07-1986 AUG 11

1986 AUG 11-1986 AUG 14

1986 AUG 14-1986 AUG 18
1986 AUG 18-1986 ALG 21
1986 AUG 21-1986 AUG 25

1986 Al 25-1986 AUC 28

1986 AUG 28-1986 SEP 01

-
..-—.-s.o-—uaguo

- w e
wudsr-rRBBovuBEorsronvormn

-

36
13

3433.660
14.713
13.111

8.267
16.164
2739.351
5.993
12.660
67.489
127.483

1951.938
10.676
12.224

1.342
15.435
2330.194
5.136
108.618
211.246
1751.396
4.923
6.091
10.827
1.882
2834.058
5.100
47.968
91.578
3506.442
4,057
4.708
9.725

2101.748

10,344

7.138
18.356
20.014
40.403
3.172
16.790
2256.733
4.376
3.026
10.288
1918.817
2.676
4,985
12.662
23.936
1598.419
1.439
2.5711
4.589

2105.291
12.573
17.7116

9.616
14.160
17.268
37.016

3.436
17.878

2496.133
32.007
32.961
33.338

B s




=

ey

137-C8
141-CE
144-CK
7-BR
95-R
103-RU
134-C3
137-CS
7-BE

103-RU
106~RU
134-C8
137-C8
7-BE

103-RU
134-C8
137-C8
7-BB

103-R0
134-C8
137-C8
7-BE

103-RU
134-C8
137-CS
7-B8

103-RU
134-C8
137-C8
7-B8

103-RU
134-C8
137-C8
7-BR

103-RU
134-CS
137-C8
7-BR

103-RU
134-CS
137-C8
7-BR

103-RU
106-RU
134-C8
137-C8
7-B2

103-RU
134-C8
137-C8
7-BE

103-0
134-C8
137-C8
7-BR

103-8U
134-C8
137-C8
7-BE

103-RU
134-C8
137-C3
7-B%

134-C8
137-C8

1986 SEP 01-1986 SEP 04

1986 SEP 04-1986 SEP 08

1386 SEP 08-1986 SEP 11
I;“ SEP 11-1986 SEP 15
1;!6 SEP 15-1986 SEP 18
lé“ SEP 18-1986 SEP 22
lé“ SEP 22-1986 SEP 25
léﬁ SEP 25-1986 SEP 29
1%86 SEP 29-1986 OCT 02
1;86 OCT 02-1986 OCT 06
lé“ OCT 06-1986 OCT 09
lé“ QCT 09-1986 QOCT 13
1;05 OCT 13-1986 OCT 16
lé“ OCT 16-1986 OCT 20
lé“ OCT 20-1986 OCT 23

~ r
NMOOB"‘OON!—'UO

-~

-

17

TV I W )

71.904
9.341
34.045
1451.120
2.523
2.441
10.998
23.198
1685.094
1.687
9.227
17.253
14.179
29.771
1154.865
64.365
5.887
11.237
1789.682
2.406
4.7
9.920
1693.058
85.106
5.726
10.768
2242.544
1.719
4.083
8.230
1641.141
1.915
18.622
37.501
2047.825
1.826
3.954
7.309
2229.846
1.459
9.500
20,900
1695.777
3.449
7.447
5.130
10.534
1132.058
1.223
6.647
13.708
1997.742
2.267
5.808
12.019
2988.326
3.933
32,358
65.302
2370.685
2.408
5.399
11.556
1995.386
6.866
14,178




7-BE
103-RU
106-30
134-CS
137-cs
7-88

134-CS
137-c8
7-88

134-CS
137-c8
7-8E

134-CS
137-C$
7-BE

40-%

103-RU
134-C8
137-C8
7-B8

134-C3
137-¢3
7-BE

103-RY
134-C8
137-CS
7-BE

134-C8
137-CS
7-BE

134-CS
137-¢8
7-BE

134-CS
137-c8
7-BE

103-RY
134-CS
137-C8
7-BE

134-C8
137-c8
7-BE

103-RU
134-C8
137-C8
7-BE

103-RU
134-C8
137-C8
7-BE

134-C8
137-C8
7-BE

134-C8
137-c3
7-BE

103-RU
106-RU
134-CS
137-c3
7-88

137-c8
7-88

134-C3
137-c8

1986 OCT 23-1986 OCT 27
1986 OCT 27-1986 OCT 30
1986 OCT 30-1986 NOV 03
1986 NOV 03-1986 NOV 06
1986 NOV 06-1986 NQV 10
1986 NOV 10-1986 NOV 13
1986 NOV 13-1986 NOV 17
1986 NOV 17-1986 NOV 20
1986 NOV 20-1986 NOV 24
1986 NOV 24-1986 NOV 27
1986 NOV 27-1986 DEC 01
1986 DEC 01-1986 DEC 04
1986 DEC 04-1986 DEC 08
1986 DEC 08-1986 DEC 11
1986 DEC 11-1986 DEC 15
1986 DEC 15-1986 DEC 18
1986 DEC 18-1986 DEC 22
1986 DEC 22-1986 DEC 26
1986 DEC 26-1986 DEC 29

w o
o

AN B W W

-
-0 o

- 8 w
-0 Lo L~ s O N W Wy LN

- NN [~
W N - O
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[ I SR N e

w
N ®

»n o
|- SR I R T L

—_
»

1140.389
2.724
12.121
15.056
31.456
1462.714
9.063
19.113
1902.807
5.017
11.286
1840.976
3.810
8.977
2183.197
0.013
1.067
4.953
10.579
3007.491
24.227
53.365
1957.638
2.138
6.868
15.153
2025.399
5.215
11.662
2276.174
1.434
3.543
1166.273
3.689
7.734
2388.669
33.576
1.036
2.798
3089.000
7.170
15.230
3060.000
29.400
6.880
17.290
2822.000
1.980
39.100
87.600
2138.630
4.637
8.482
1168.093
9.392
23.829
2065.135
1.033
8.527
3.054
6.926
1254.307
17.659
1478.296
1.359
3.268




7-0E

103-RU
106-RJ
134-C8
137-CS

1986 DEC 29-1987 JAN 02

40
3

2175.663
1.587
17,329
26.941
59.317




o

¥
%
?

i

140-1A
141-CE
144-CE
238-PU
239,240-PU
241-AM
282-0
244-04
7-B2
93-2R
103-R0
106-RU
131-1
132-1
134-C8
136-Cs
137-Cs
160-TA
13:-1
134-C8
137-C8
7-B8
103-RU

~ 248 -

+ NEW SAMPLER ¢ FILTERS
1 BORMBOLM
+ MICRO BQ/M3

1986 MAY 02-1986 MAY 05

1986 MAY 09-1986 MAY 12

1986 MAY 12-1986 MAY 14

1986 MAY 14-1986 MAY 16

12

by 2
rONGBN -0V W

- o -
woelRsulBomoceromur-or-rbhioobhemui®

-
-

10
2

1183.251
5205.698
3808, 689
192651.325
11254748
5011.187
1345.474
8121.691
3261.525
3880.042
1545.055
2801.164
16032.798
6200,000
2277171.067
14821.007
68516.597
5137.085
1339.422
8882.184
5424.666
3333.389
3239.239
959775.437
287693.57
604494.510
100152.987
264307.825
180162.815
76752.980
70583.876
4987.464
4718.322
0.281
0.753
0.368
5.169
0.227
1866.466
43.519
1146.979
495,114
4977.351
479.9%0
391.5%0
80,301
700.357
172.397
69935.633
899.848
1532.602
2640.000
761.714

0.733
1.722
¢.313
4.429
0.093

0.034
9.426
0.109




227,489

2787888

178.499

473,915

93.308

003,018

125.655

2260.000

42.966

1136.176

452,529

1484095

121.147

670434

104,756

1160.655

180,209

195,447

50.970

4060.000

48,207

2480.399

930.197

131-1 - 1 2029.089

134-C8 - 1 1011882

136-Cs - s 125.928

137-¢S - 1 1801111

140-1A - 4 217,182

141-CE - 17 72.520

7-88 1986 MAY 23-1986 MAY 26 5 4350.000

95-28 - 33 37,684

103-RU - 1 3045773

; 106-RU - 10 1078.448

131-1 - 2 1217.083

H 134-CS - 1 1035.889

136-Ce - 25 164.875

137-C8 - 1 1810.297

140-8A - 30 182.773

140-1A - 6 221.495

1418 - % 56.717

7-88 1986 MAY 26-1986 MAY 28 5 2725.006

95-I - 8 161.604

103-0 - 2 1224.700

106-RU - 2 410.568

131-1 - s 454,070

134-C8 - 3 503,448

131-c8 - 2 866,157

140-34 - 1 163.064

140-1A - ) 155.478

141-cX - 12 106.070

j 7-2 1986 MAY 28-1986 MAY 30 7 1191.09

95-72 - 2 35.473

103-RU - 2 599,738

106-30 - 29 202,062

131-1 - s 246.301

134-C8 - ‘ 112,97

137-c$ - ‘ 311.344

160-1A - 20 18.306

141-C2 - n 23.2%

7-82 1986 MAY 30-1986 JUX 02 2 2000.99

103-U - 1 639.1%9

106-RU - 12 265.717

' 131-1 - 3 264,948

134-C8 - 2 236.467

L 137-c8 - 1 .20

: : 140-LA - 7 $3.216
| '—i




JRRO

7-88
103-R0
106-R0
131-1
134-Cs
137-CS
140-LA
7-B8
103-RU
106-RU
131-1
134-C8
137-C8
140-LA
141-CE
7-BE
103-RU
106-RU
134-Cs
137-c8
7-BR
103-RU
131-1
134-C8
137-C8
141-CE
7-BE
103-RU
131-1
134-C8
137-c8
7-88
95-2R
103-RU
106-RU
131-1
134-C8
137-C8
7-BE
95-ZR
103-RU
106-RU
134-CS
137-C8
7-BE
103-RU
134-CS
137-c8
7-B2
95-%
i03-RU
134-C8
137-C8
7-88
95-R
103-RU
106-RU
134-C8
137-C8
141-CE

95-IR

103-RU
106-RU
134-C8
137-Cs

- 250 -

1986 JUN 02-1986 JUM 04

1986 JUN 09-1986 JN i1

1986 JUN 11-1986 JN 13

1986 JUN 13-1986 JUN 16

1986 JUN 16-1986 JUN 19

1986 JuM 23-1986 JIN 30
1986 JUN 30-1986 JuL 07

1986 JUL 07-1986 JUL 14

g8

»

35

—
Nnung—ooogn—uuuwuuzhmnua«;zu

muawd83old

2637.765
336.181
219.322
227.830
175.850
319.004

24.328

1296.710
613.127
275.193
132,344

67.394
135.325
15.771
15.899

4167.319
346.866
254,340
111.313
175.734

4980,265
254.056

71.366
66.851
119.810
25.090

3048.538

304.273
39.145
105.361
193.019
3292.591
11.873
247.396
109.672
44.856
56.406
111.795
2450.162
10,480
89.096
54,499
36,210
60.667
2972.612
46.227
29.517
52,948
3097.882
5.227
41.193
19.712
41,623
1734.630
1.1%7
20.347
18,734
13,79
25,083
1.501
3040.79¢
2.082
13.881
15.532
11,1353
22.400




vt o et

-8R
95-2%
103-%0
106-RU
134-C8
137-Cs
141-CE
144-CE
1.8
935
103-RU
106-RU
134-C8
137-CS
141.CE
L144-CE
7-BE
103-RU
106-RU
134-CS
137-CS
7-88
103-RU
106-RU
134-C8
137-C8

103-RU

103-RU

137-C8
7-5E
103-RU
134-C8
137-C8
7-BE

103-RU
134-~C8
137-C8
7-BE

103-RU
106-RU
134-C3
137-C8
7-3E

103-80

- 251 -

1986 JUL 2i-1986 JUL 28

1306 AUG 04-1986 ALG 11
l;“ AUG 11-1986 ALG 18
1;06 AUG 18-1986 AUG 26
1;!6 MG 26~1986 SEP O1
1;86 SEP 01-1986 SEP 08
1;05 SEP 08-1986 SEP 15
1;:'86 SEP 15-1986 SEP 22
lé“ SEP 22-1986 SEP 29
1;:86 SEP 29-1986 OCT 06

1986 OCT 06-1986 OCT 13
1986 OCT 13-1986 OCT 20

w - - -
nuuoau»ﬂuonuouoouuqobuunonnogﬁnuouuo

o

bagonugowum:g

2244.3%0
5.988
15.586
16.218
11.108
22.388
1.945
8.832
2774.752
29.484
23.576
24,240
12.334
25.865
10.606
51.097
3280.868
047
7.473
5.393
10.587
2854.097
12,671
18,063
8.854
17,755
2197.875
4,294
7.840
3.786
12.054
2589.754
3.891
9.136
9.829
20,497
2289.680
1.632
2.091
3.495
7.173
1853.749
4,186
11.392
8.461
16.748
2347.673
0.916
3.063
6.530
2328.896
1.523
4,985
1i.970
1996.896
1.0
..377
4,201
9.083
2218.322
5.604
20.118
16.192
36,487
3897.194
3.630




el

B . |

106-RU
134-C8
137-C8
7-X

1030
134-CS
137-C8
7-B8

134-C8
137-C8
1-BE

103-RU
106-RU
134-CS
137-C8
7-B8

134-CS
137-CS
7-BE

103-RU
134-C8
137-CS
7-BE

103-RU
134-C8
137-CS
7-BE

134-CS
137-C8
7-BE

134-CS
137-C3
7-B8

103-RU
106-RU
134-C8
137-CS
7-BR

106-RU
134-C8
137-C8
7-BE

103-RU
106-RU
134-CS
137-C8

- 252 -

1986 OCT 20-1986 OCT 27
1986 QCT 27-1986 WOV 03
1986 NOV 03-1986 MOV 10
1986 NOV 10-1986 WOV 17
1986 NOV 17-1986 NOV 24
1986 NOV 24-1986 DEC 01
1986 DEC 01-1986 DEC 08
1986 DEC 08-1966 DEC 15
1986 DEC 15-1986 DEC 22
1986 DEC 22-1986 DEC 29
1986 DEC 29-1987 JAN 01

NN
muwldBScuuldlruwrBlBrrsroorvurow8ruvuulouwurcralliSocnvecuwusonast

14,915
13.147
28.733

1.324
4.662
io.o21
2155.078
2,428
5.282
2247.841
0.805
6.604
3.851
8,379
4413.700
5.297
12.147
2306.369
0.977
4.873
10.997
1931.618
0.840
2.468
5.022
3022.000
8.210
17.470
2446.025
4,003
9.119
1703.555
1.367
9.299
7.357
14.699
1490,049
1.202
8.793
5.683
12.613
2460.269
1.287
12.870
7.87¢
18.379



~—y—

B

1soTo®

7-B8
9088
93-22
103-30
106-RU
134-C8
137-C8
140-LA
141-CX
144-CE
89-8R/90-SK
90-8%
95-2R
99-%0
103-RU
106-RU
131-1
132-Te
132-1
134-CS
136-Cs
137-C8
140-BA
140-LA
141-Cx
89-5R/90-SR
7-Bk
90-SR
95-
103-R0
106-RU
131-1
134-C8
136-Cs
137-C8
140-8A
140-LA
141-CE
144-CE
89-5/90-SR
7-B2
90-88
95-R
103-R0
106-RU
131-1
134-C8
137-C8
140-BA
140-LA
141-CX

- 253 -~

1 10 M2 TON-EXCHANGIR

+ RISOE
1 QN2

pue

1986 APR 01-1986 APR 29

1986 APR 29-1986 MAY 09

1986 MAY 09-1986 JUN 01

1986 JUN 011986 JUN 30

- 3 og -
LNV I CRE - T N N oW W W~ AN RN

Bl rnrnuolonnowawrmrol

~ o

13

71.30
0.48
14.83
10.39
1.68
0.48
0.88
37.32
17.54
9.05
17.20
19.34
20.19
269.29
2160.15
566.69
3663.58
412.45
785.43
330.37
8l.14
624.92
370.28
401.19
12.12
15.20
121.13
2.04
3.99
104.60
35.91
103.07
63.30
7.64
117.52
50.66
54.35
10.51
12.53
15.20
31.93
0.54
3.69
.8
19.36
.37

14,92.

8.4
2.98
3.34
3.9




144-CE

89-8R/90-5

7-02
95-22
103-RU
106-R0
110M4-AG
134-C8
137-Ccs
141-CX
144-CX
7-B8
935-
103-RYU
106-RU
134-CS
137-c8
141-CE
144-CE
7-BR
95-2%
103-RY
106-RU
110M4-46
134-CS
137-C8
141-CE
144-CE
7-BE
95-2%
103-R0
106-RU
134-C8
137-C8
144-CE
7-BE
103-R0
106-RU
134-C8
137-Cs
144-CE
7-38
106-R0
134-C8
137-c8

1986 JUM 30-1986 ALG O1

1966 ALG 01-1986 SKP 01

1986 OCT 01-1986 OCT 31

1986 OCT 31-1986 DEC 01
1986 DEC 01-1986 DEC 29

= -
Gormomur8u

1

vwB 8 R e~

7.64
11.20
120.11
0.79
s.10
4.17
0.22
9.63
18.66
0.65
2,09
70.37
0.10
0.79
1.06
2.20
4.36
0.09
0.44
46.35
0.09

1.18
0.07
1.52
3.19
0.06
.38
70.99
0.17
0.16
0.58
1.14
2.41
0.53
61.30
0.0%
0.46
0.85
1.94
0.20
40.76
0.35
0.36
1.25




.

Pp—— 1 ]

-
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SPECIRS s RAIRSAMPLER 1M2 DAILY

LOCATION ¢ R1SOK

war s QAR

1807109 DATE 01 RRSULTS
103-21) 1966 MAY 01-1986 MAY 31 4 297.6
106-RU - 3 111.6
134-C8 - 2 138.4
137-C8 - 2 287.3
103-/0 1985 MAY 07-1986 MAY 08 1 1897.9
106-20 - 12 965.6
131-1 - 1 2567.4
132-Te - 25 1100.4
132-1 - 1 1346.0
134-C8 - 3 264.3
136-Cs - 26 81.3
137-C8 - 3 486.2
140-1A - 4 252.2
141-C2 - 26 45.8
103-KU 1986 MAY 08 2 2351.8
106-RU - 24 113.3
131-1 - 1 643.5
132-1 - 1 247.0
134-C8 - 5 48.4
136-Cs - 38 15.2
137-C8 - L} 8.1
140-BA - 12 97.1
140-LA - 7 3s5.1
103-RU 1986 MAY Q9 5 60.6
131-1 - 2 210.0
132-1 - 5 32.2
134-C8 - 11 13.9
137-C8 - 11 22.8
140-1A - 17 10.6
103-RU 1986 MAY 10 11 49.1
131-1 - 6 97.8
132-1 - 8 42.6
134-C8 - n 35.5
137-C8 - 9 73.4
140-1A - 29 9.0
131-1 1986 MAY 14 12 12.5
134-C8 - 16 7.1
137-C8 - 19 8.8
131-1 1986 MAY 16 9 2.8
134-C8 - 13 1.2
137-C8 - 12 21.5
131-1 1986 MAY 19 a 2.9
134-C8 - 23 2.2
137-C8 - 19 3.3
131-1 1986 MAY 21 15 10.2
134-C8 - 15 7.2
137-C8 - 12 . 15.0




131-1

134-C8
137-C8
134-C8
137-Cs
103-RU
131-1

134-C8
137-C8
103-RU
137-C8
103-RU
134-C8
137-C8
103-R
134-CS
137-C8
137-C8
137-C8

1986 MAY 23-1906 MAY 26

1986 JUM 04

1986 JN 06

1986 JuM 09

1986 JUN 19

1986 JUL 07

1986 JUL 08
1986 JUL 30

14
21

17
13

14

14

15

n

FYLCG8a

38.0
17.4
20.7
4.6
9.4
7.1
1.8
2.9
5.3
14.3
10.3
4.8
2.4
4.6
9.1
1.2
10.8
1.0
1.6
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ﬁ SPECIES : GRASS

X LOCATION : RISOE

: WIT ¢ DQ/ES MRESH

|

‘ 15070F DATE D%  RESLTS
$2-90 1986 APR 28 2 4.19
Zx-93 1986 APR 28 XL.08 ? 58.00
¥b-95 - 4. 59.00
Mo-99 - 20 82.00
Te-9%m - 10 67.00
Ru-108 - ] 35.00
1-131 - 4 870.00
Te-132 - - 67.00
1-133 - 30 226,00
Ca-134 - 8 26.00
Ce-137 - 7 44,70
Ba-140 - 1n 89.00
La-140 - 4 83.00
Co-14) - 7 63.00
Ca-144 - 33 66.00
Ze-95 1986 APR 28 KL.11 2 112.80
Nb-95 - 1 190.00
Mo-99 - 2 59.00
Te-99 - 10 77.00
Ru-103 - 3 59.90
1-131 - 1 860.00
Te-132 - 10 71.00
1-133 - - 115.00
Ce-134 - - 10.20
Ce-137 - 7 21,90
Bea-140 - 6 128.00
1a-140 - 2 124.00
Ca-141 - - 114,00
Ca-144 - 11 95.00
Zr-95 1986 APR 29 5 62,40
Nb-95 - 3 65.60
Ma-99 - 16 55.40
Te-99m - 10 35.50
Ru-103 - 4 42,60
I-131 - 5 419.00
Te-132 - 10 13.80
1-133 - - 56.10
Ca-134 - 13 7.70
Cs-137 - 14 10.80
Ba-140 - 9 65.40
La-140 - 3 68,00
Ca-141 - 4 63,40
Ca-144 - 20 .70
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1986 MAY 05

-

whB8BB8noraas

Uaﬁ

200,00
106.00
23,00
48,60
361.00
26.00
27.80
7.45
10.80
118.00
144.60
198.00
233.00
35.40
57.60
32.00
25.70
182,00
532.00
58.00

1.50
12.60
635.00
62.50
49.00
67.00

117.00
117.00
68.50
474.00
48,00
23,00
11.%0
118.00
110.00
106.00
72.00

1.9
42.00
40.00
27.00

820.00

9.50
15.80
50.00
48.00
40.00
59.00
34.00
29,00

910.00
28,00




1-133
Ce-134
Cs-137
Be-140
La-180
Ca-141
2r-95
Hb-95
Ru-~103
I-131
Ce-137
La-140
2r-95

Ru-103
I-131

Cs-134
Cs-137
Ba-140
la-140
Ca-141
2r-95

Ru-103
1-331
Ce-134
Cs-137
Ba-140
La-140
Ca-141
2Zx-95
§b-95
Ru-103
1-131
Cs-134
Ce-137
Ba-~140
La-140
2r-95

Ru-103
1-131

Ce-134
Cs-137
Ba-140
1a-140
Ce-141
2r-93

Ru-103
1-131

Ca-134
Ce-137
Ba-140
1a-140
Ce-141
Ce-144

1986 MAY 03

11.00
9.40
13.30
121.00
119.00
90.00
35.00
29.00
45,00
900.00
21.90
27.00
23.00
35.00
32.00
467.00
9.50
14.40
27.00
31.00
28.00
24.00
23.00
532.00
814.00
143.00
258.00
196.00
187.00
27.00
20.80
24.50
342.00
403.00
118.00
198.00
159.00
154.00
26.40
27.80
282.00
245.00
61,00
108.00
74,00
117.00
28.00
37.00
31.00
286.00
219.00
60.00
106.00
83.00
107.00
34.00
85.00




2r-95

Ru-103
I-131

Cs-134
Cs-137
Ba-140
La-140
Ce-141
Zr-95

Ru-103
1-131

Ce-134
Cs-137
Ba-140
La-140
Ce-141
Ce-144
2r-95

Bu-103
1-131

Cs-134
Cs-137
Ba-140
La-140
Ce-141
Zr-95

Ru-103
I-131

Cs-134
Ce-137
Ba-140
La-140
Ca-141
Co-144
Zr-95

Bu-103
1-131

Ce-134
Cs-137
Ba-140
La-140
Zr-95

Ru-103
1-131

Ce-134
Ce-137
Ba-140
La-140
Ce-141
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1986 MAY 12

8.30
10.80
219.00
148.00
54.00
%0.00
74.00
89.00
1.00
26.40
32.90
276.00
209.81
86.17
154.20
103.70
107.10
32.00
42.00
6.60
10.40
192.00
160.77
75.12
128.10
71.00
81.00
11.70
24,80
28.80
155.00
107.24
49,72
87.02
67.00
62.00
26.00
34.00
25.00
3.00
285.00
172.09
63.08
135.30
78.00
78.00
8.00
6.30
149.00
88.91
50.36
83.45
52.00
51.00
12.00




Zr-95
Wb-95
Ru-103
1-131
Cs-134
Ca-137
La-140
Ce-141
Nb-95
Ru-103
1-131
Ca-134
Ce-137
Ba-140
La-140
2r-95

Ru-103
1-131

Cs-134
Ce-137
Ba-140
La-140
Ce-141
Ru-103
I-131

Cs-134
Cs-137
La-140
Zr-95

Nb-95

Ru-103
1-131

Cs-134
Ce-137
Ba-140
La-140
Ce-141
Ca-144

Ru-103
1-131
Cs-134
Ce-137
La-140
2r-93

Ru-103
1-131

Co-134
Ce-137
Ba-140
La-140
Ce-141

1986 MAY 18

1986 MAY 21

1986 MAY 22

15.60
21.00
125.00
68.57
32.92
56.14
35.90
10.30
6.10
112,00
61.72
29.75
60.27
30.00
23.00
7.70
10.40
87.00
42,99
24.43
42.17
19.80
32.00
11.40
58.00
34.77
18.92
34.87
16.70
93.01
97.60
90.13
38.94
26.70
51.02
47.36
45,25
94.53
122,79
3.50
51.00
23.07
17.64
30.77
11.10
5.00
8.10
64,00
22.46
20.32
39.97
13.10
14,40
5.00
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X

u-103
1-131

Ce-134
Ca-137
Ba-140
La-140
Ce-141
Ru-103
I-131

Ce-134
Ca-137

Ru-103
La-140
2r-95

Ru-103
1-131

Cs-134
Cs-137
Ba-140
La-140
Ca-141
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1986 MAY 27

S8oe~vuwsl

5.00
68.00
.27
22.67
41.75
14.60
16.10

5.60
63.00
33.09
25.07
40.62

2.50
61.00
10.20

4.40

6.90
42.00
14,97
15.06
26.11
10.30

7.50

5.10




7 12.10

4 12.20

20 17.00

10 13.80

8 7.30

4 180.00

- 14.00

30 47.00

8 5.30

7 9.26

1t 18.60

4 17.10

7 13.10

35 13.60

2 20.75

1 33.40

20 10.40

10 13.50

3 10.60

5 152.00

10 12.40

- 20.30

- 1.80

7 3.85

6 22.40

2 22.00

- 20.10

11 16.70

5 42.50

3 44,70

16 37.70

10 24.20

4 29.00

5 285.00

10 23.10

1-133 - - 38.20

Cs-134 - 13 5.20

Cs-137 - 14 7.40

‘ Be-140 - 9 44,60

La-140 - 3 46.30

Ce-141 - 4 43.20

Ca-144 - 20 40.60
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Zr-95 1986 APR 30 4 162.00
Nb-93 - - 25.60
Tc-9%m - 13 18.70
Ru-103 - 8 39.40
1-131 - 12 293.00
Te-132 - 20 21.00
1-133 - - 22.60
Ce-134 - 6.00
Co-137 - - 8.70
Ba-140 - 13 95.70
La-140 - 4 117.00
Ce-141 - 3 160.00
Ca-144 - 11 189.00
r-95 1986 MAY 01 5 27.40
b-95 - 3 28.50
Mo-99 - 27 16.00
Te-9% - 6 12.70
Ru-103 - 2 89.90
1-131 - 5 264.00
Te-132 - 10 29.00
1-133 - 15 10.00
Ce-134 - 16 3.70
Ce-137 - 13 6.21
Ma-140 - 11 32.00
La-140 - 4 31,00
Ce-141 - 6 24.00
Ce-144 - 21 33.00
2r-95 1986 MAY 02 6 58.00
Nb-95 - 4 58.00
Ru-103 - 6 34.30
1-131 - 2 236.00
Te-132 - 20 24.00
1-133 - 35 11.00
Cs-137 - 30 5.90
Ba-140 - 13 58.00
La-140 - 5 55.00
Ca-141 - [ 53.00
Ce-144 - s 36.00
Zr-953 1986 MAY 04 10 16.70
n-95 - 7 15.90
Ru-103 - 9 10.70
1-131 - 1 330.00
Cs-134 - 17 2.00
Ce-137 - 15 3.80
Ba-140 - 19 10.70
La-140 - 7 10.20
Ce-141 - 12 8.50
2r-95 1986 MAY 05 10 14,20
Hb-95 - 9 8.10
Ru-103 - 12 7.00
1-131 - 1 218.00
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2r-95

Ru-103
1-131
Cs-~137
Lla-140
2r-95

Ru-103
1-131

Co-134
Cs-137
Ba-140
Lla-140
Ce-141
2r-95

Ru-103
1-131

Cs-134
Cs-137
Ba-140
La-140
Ce-141
2c-95

Ru-103
1-131

Cs-134
Cs-137
Ba-140
1a-140
2r-95

Bu-103
1-131

Cs-134
Cs-137
Ba-140
La-140
Ce-141
2r-95

n-95

Ru-103
1131

Ce-134
Cs-137
Ba-140
La-140
Ca-141
Ce-144

~eoRxwuwaRbEs

14

18

10

19
18

14
19
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6.80
2.60
2.3

29,00
29,00
22.00

8.7
1.2
1.2
220,00
5.40
6.70
10.50
14.90
13.40
198.00
4.00
6.0
11.40
13.20
11.80
12,5
12.00

2717.00

424,00
74.00

134.00

102.00
97.00
13.80
13.80
16.20

227.00

267.00
78.00

131.00

106.00

102.00
10.00
10.60

107.00
93.00
23.00
41.00
28.00
44.60
10.60
14.10
11.90

108.00
83.00
23.00
40.20
3.5
40.40
12.90
32.10
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i Zr-95 1986 MAY 12 37 4.80
-9 - 17 6.%
Ru-103 - 2 127.00
1-131 - - 86.00
Cs-134 - 4 31.00
Ce-137 - - 53.00
Ba-140 - 11 43.00
La-140 - 4 52.00
Ca-141 - 40 4.10
2r-95 1986 MAY 13 15 9.00
W-95 - 10 11.20
Ru-103 - 3 94,20
I-131 - 2 71.55
Cs-134 - 3 29.38
Cs-137 - 2 52.58
Ba-140 - 15 35.40
La-140 - 8 36.50
Ce-141 - 10 11.10
Ce-144 - 25 14.40
2r-95 1936 MAY 14 37 .70
M-95 - 13 5.90
Ra-103 - 2 109.00
1-131 - 2 91.27
Cs-134 - 2 42.65
Ca-137 - 2 72.72
Ba-140 - 9 40,00
La-140 - 3 46.00
Ce-141 - 21 6.60
20-95 1986 MAY 15 10 9.30
Nb-95 - 6 10.80
Ru-103 - 2 58.00
1-131 - 2 40.11
Cs~134 - 3 18.60
Cs-137 - 3 32.56
Ba-140 - 10 25.00
La-140 - & 23.3%
Ce-141 - ] 9.80
Co-144 - 32 12.70
2r-95 1986 MAY 16 17 7.70
-9 - 8 10.50
Ru-103 - 2 88.10
1-131 - 3 53.18
Ca-134 - 5 19.49
Ce-137 - 4 41.81
Ba-140 - 15 24.00
La-140 - 6 24,00
2r-95 1986 MAY 17 37 3.30
¥b-95 - 27 2.60
Ro-103 - 3 61.00
1-131 - s 36.54
Cs-134 - s 20.70
Cs-137 - s 34.30
Ba-140 - 17 21.00
La-140 - ] 21,00
Ce-141 - 26 4.90




2r-95
H-95
-103
1-1
Cs-134
Ce-137
La-140
Ce-141

Bu-103
I1-131

Ce-134
Cs-137
Ba-140
La-140
2r-95

m-93

Ma-103
1-131

Cs-134
Ce-137
Ba-140
La-140
Ce-141
Ru-103
1-131

Ce-134
Ce-137
La-140
2r-93

Nb-95

Ru-103
1-131

Cs-134
Cs-137
Ba-140
La-140
Ce-141
Ce-144
Nb-95

Ro-103
1-131

Cs-134
Ce-137
La-140
2c-95

Ru-103
1-131

Cs-134
Cs-137
Be-140
La-140
Ce-141

1966 MAY 18

CRvaouwuld¥iuuoasrnt
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wello
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6.80

9.20
535.00
29.96
14.39
24.33
15.70

4.30

3.10
57.00
31.55
15.21
30.81
15,20
11.70

4.10

5.50
46.00
2.83
12.97
22.39
10.50
16.80

6.10
30.00
17.74

9.66
17.79

8.50
37.48
39.33
36.32
15.69
10.76
20.36
19.09
18.23
38.10
49.48

2.00
29.00
13.21
10.10
17.63

6.30

3.2

5.20
41.00
14.37
13.00
25.57

8.40

9.20

3.20
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i . Nb-95 1986 MAY 27 23 1.7
P Ru-103 - 4 23,00
? : 1-131 - 5 13,51
: Cs-134 - 7 7.80
Ca-137 - 6 14.36
! Ba-140 -, >} 3.00
La-140 - 12 5.5
Ca-141 - 34 1.90
Ru-103 1986 MAY 28 5 13.80
1-131 - 7 1.28
Co-134 - 9 5.52
Cs-137 - 8 8.94
Kb-95 1986 MAY 29 36 1.40
Ru-103 - 3 35.00
La-140 - 17 5.80
2r-95 1986 MAY 30 29 2.10
Nb-95 - 11 3.30
Ru-103 - 3 20,50
1-131 - 7 7.26
Cs-134 - 6 1.30
Cs-137 - 5 12.66
Ba-140 - 28 5.00
La-140 - 13 3.60
Ce-141 - 22 2.5%

i
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| 0 50 100 150
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Fig. E.6. Comparison between model predictions and observations

for Bq 137cg m~2 grass at Risg 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

tc a field half-life of 2 days. During dry weather the half-life is
14 days.
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$%9 Environmental Radioactivity in Denmark in 1986

Errata to Riso-R-549

i P 9 second paragraf line 5: delete: and milk

— P_6l1 second paragraf line 6: case: read core

" line 11: delete the rest of the paragraf
from: If we consider the ratio: 239Np/141Ce

p 156 - 158
Tables 5.7.4, Bg (kg K)~1l: read Bg 137cs (kg K)-1
w 5.7.5, and 5.7.6: Bg dax:l cag‘lz read Bg 137cs day~1 cap-!

p 160 Table 5.8.1.2: Bg kg‘lz read Bg 137¢s kg’l
Bq (kg K)~1: read Bq 137cs (kg K)~1

p 168 5.9.9.: The 137Cs 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: 95s¢r/137Cs: read 90sr/137cs




