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Abstract. Surontium-90, radiocesium. and other radionuclides were deter-
mined in samples from all over the country of air, precipitation, stream water,
lake water, ground water, drinking water, sea wa‘er, soil, sediments, dnied
milk, fresh milk, meat, fish, cheese, eggs, grain, bread, potatoes, vegetables,
fruit, grass, moss, lichen, sea plants, total diet, and humans. Estimates are
given of the mean contents of radiostrontium and radiocesium in the human
diet in Denmark during 1988 and 1989. Tritium was determined in precipita-
tion, ground water, other fresh waters, and sea water. The y-background was
measured regularly by TLD’s and a Nal detector. The marine environments
at Barsebick and Ringhals were monitored for 13/Cs and corrosion products
(38Co, %Co, $5Zn, $*Mn).

During 1988 and 1989 the expanded programme initiated after the Cierno-
byl accident in 1986 was brought back to the pre-Chernoby]l level.
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Abbreviations and Units

joule: the unitof energy; 1] = 1 Nm (= 0.239 cal)

: gray: the unit of absorbed dose = 1] kg~! (= 100 rad)
sievert: the unit of dose equivalent = 1 ] kg~! (= 100 rem)
: bec uerel: the unit of radioactivity = 1 51 (= 27 pQi)

: calorie = 4.186]
: 0.01 Gy
: 0.01 Sv
curie: 3.7 x 10® Bq (= 2.22 x 10" dpm)

exa: 1018
peta: 1013
tera: 1012
giga: 10°
mega: 106
kilo: 103
milli: 10-3
micro: 10-8
nano: 10-*
pico: 10-12
femto: 10-15
atwo: 10-13

MERETRTEOSTM Q§iL PLOT

pro capite: per individual
TNT: tninitzotoluol; 1 Mt TNT: nuclear explosives equivalent to 10% kg
TNT.

yrl: peryear(al)

cpm: counts per minute

dpm: disintegrations per minute
OR: observed ratio

CF: concentration factor

FP: fission products

p R:  micro-roenigen, 10-6 rocnigen
S.U.: pCi %S¢ (g Ca)?

O.R.: observed ratio

M.U.: pCi 197Cs (g K)!

V: vertebrae

m: male

f: female

nSr: natural (stable) Sr

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

S.D.: standard deviation: £(z - 7,)?

S.E.: standard error (2 - z,)?
nin-—1)

Risg-R-570 5



: upper control level
: lower control level

sum of squares of deviation: I(x-x,F

degrees of freedom

variance

ratio of the variance in question to the residual vanance

probability fractile of the distribution in question

coefficient of vanation, relative standard deviation

analysis of variance

relative standard deviation 20-33%

relative standard devition > 33%, such results are not considered
significandy different from zero activity

: below derection Limit

In the significance test the following symbols were used:
* : probably significant (P > 95%)

** :significant (P > 99%)

**#: highly significant (P > 99.9%)
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L. Introduction

LL

The present report is the thirty-second of a series of periodic reports (Riso
Reports 1957-1989) dealing with measurements of radioactivity in Denmark.
The organization of the material in the present report corresponds to the
report of last year. However, this report covers two years: 1983 and 1989. The
tables (and figures) representing 1988 are marked with an A an4 those from
1939 with 2 B. Tables and Figures are placed after the text in each chapter, and
the text has been reduced compared to previously. After the introduction and
a chapter on organization and facilities, there follows a chapter on environ-
mental monitoring around nuclear faciliues (Riss, Barsebick, 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, vanious vegetation and human tissues. Chapter seven is devoted to 2
general discussion of environmental tritium studies. External radiation is
treated in chapter eight. The names of the authors of each chapier appear at
its head.

1.2.

The methods of radiochemical analysis (Osmond et al. 1959, Bryant et al. 1959,
Harley 1972) and the statisuical treaument of the results (Hald 1958, Vestergaard
1964) are still based on the principles established in previous reports (Riso
Reports 1957-1989).

13.

The detailed wbles of the environmental monitoring programme for Riso
National Laboratory appear in semiannual reports: Radioactivity in the Riso
district January-June 1988, July-December 1988, January-June 1989 and July-
December 1989 which are available from Rise Library.

14.

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

LS.

In 1988 and 1989 the personnel of the Environmental Control Section of the
Health Physics Department consisted of three chemists (incl. one guest scien-
tist), one biologist, one physicist, ten laboratory technicians, three sample
collectors, and two laboratory assistants. The group for Electronics Develop-
ment and Maintenance gave assistance with the maintenance of counting
equipment.

L6.

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.

Risp-R-570 7



2. Facilities

By S.P. Nielsen

2.1. Detectors

The samples are measured as follows:

Alpha (2¥Pu, 2¢Am and 2®Po): 22 semiconductor detectors connected to
muluchannel analyzers (S12 channels per detector) and another two for total
alpha counting.

Beta (Y and Tc): Six "multidetector”-sysiems each containing 5 sample
cot,ters and a common anticoincidence shield are used.

Gamma (natural and fallout isotopes): A total of 1 germanium detectors in
10 cm lead shields are used for gamma spectrometric measurements. Four
detectors are conpected 10 a hard-wired multichannel analyze and 7 10
MCA-cards in personai computers. The efficiencies of the detectors are in the
range 4-40% relatve to a2 3" x 3”7 Nal(T1) detector. An 8" x 4" Nal(TI)
detector and a detector unit with three 4™ x 4" x 16" Nal(T]) crysitals are
used in an underground shielded room for gamma-spectrometric whole-body
measurements.

2.2. Data Treatment

Measured spectra are transferred to 2 Unisys A6 computer for evaluation.

A program system STATDATA (Lipperz 1975) is developed for registration
and wreatment of environmental measurements including multichannel analy-
zer spectra. To date, approximately 110 000 sets of results have been registered
covering the period from 1957.

8 Riso-R-570



3. Environmental Monitoring at Risg,
Barsebick, and Ringhals

by H. Dahlgaard

3.1 Environmental Monitoring at Risg
From the four semiannual reports: Radioactivity in the Rise district Janua-
ry-june 1588, July-December 1988, January-June 1989 and July-December
1989, the results of the environmental monir ~ring at Rise are presented. The
reports are available from the Riss Library.

The various anthropogenic radionuclides measured outside the Risp area
came from non-Riss sources.

3.2. Marine Environmental Moenitoring at Barseback
and Ringhals

The radiological monitoring of the marine environment around the two nu-
clear power plants at Barseback and Ringhals in Sweden (Riso Reports 1957-
19%9) was continued throughout 1988 and 1989. At the end of 1989 the sam-
plings in Barseback and Ringhals have been brought to an end.

Figures 3.2.;1 and 3.2.1.2 show the sampling locaticns.

3.2.1 y-Emitting Radionuclides in Brown Algae
Tables 3.2.11 and 3.2.1.z show the radionuclide concentrations found by y-
spectrometric analysis in brown algae sampled near Ringhals in 1988 and
1989. Monthly data on radionuclides in seaweed from Barsebick and Ringhals
are reported in Chapter 3.2.5. The data are expressed on the basis of dry
weight. Dry matter contents are given.

Table 3.2.1.3 shows a comparison of th.c 3 fucoids Fucus vesiculosus, Fucus
serratus, and Ascophyllum nodosum. The levels of significance of differences
from unity are indicated.

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 Barsebick in 1988 and 1989. The dose commitment to 2
hypothetical critical individual consuming 20 kg Mytilus edulis soft parts
(fresh weight) yearly would be less than 1 uSv yr! based on mussels from
Ringhals, location 95 (Table 3.2.5.4). This dose is insignificant compared to
nawral background doses.

«onsumption of 100 kg flatfish meat would give approximately 1-2 uSv
from radiocesium based on data in Table 3.2.2.1. The cesium isotopes come
mainly from the Chernobyl accident.

Rise-R-570 9



3.2.4. y-Emitting Radionuclides in Sea Sediments
Results from sediment samples collected at Barsebick and Ringhals with the
HAPS bottom corer are shown in Tables 3.241and 3.24.2.

At both power plants the $9Cn that has been detectable in the sediments for
several yvears has been compared with the reported annual discharges from
Tables 3.2.5.2 and 3.25.10. The total amount of ¥Co accumulated in the
sediments at Ringhals location 2 and Barseback location 38 expressed as Bq
m-2 has been divided for each vear with the total amount of ¥Co discharged
from each power plant (GBq, decay corrected) summed up ull the year of
sampling. The result is a transfer factor from the total accumulated discharse
10 one square meter of sediment at the specified location, i.e. Bo m-2/GBq or
m-Z x 10-°.

These sediment transfer factors are shown in Figs. 3.2.4.1and 3.2.4.2. These
transfer factors based on total accumulated discharges do nc® show a clear
decreasing tendency, as they should if a significant part of the sedimented
cobalt was remobilized. Thus, the results indicate an irreversible sedimenta-
tion of cobalt.

3.2.5. Monthly Time Series at Ringha!s and Barsebick
For hustonical reasons the monthly data sets are reported in this chapier.

Ringhals Resuits

Tables 3.2.5.1-3.2.5.8 give the Ringhals data. The concentrations of anthropo-
genic gamma emitters as well as of 7Be in Fucus outside the northern cooling
water intake channel was as discussed in the previous report lower than in
Fucus sampled in the channel even if the last site is 200 m further away from
the power plant. Table 3.2.5.5 gives annual average values for the ratio.

Barsebick Results
Tables 3.2.5.9-3.2.5.13 give the Barsebick dat...

10 Rise-R-570



ECOLOGY SECTION
WASTE WATER AND GRASS STATION
VASTE TREATMENT STATION
METEOROLOGICAL MAST

HOT CELL RACILITY

10 Mw REACTOR DR3

0 500m _——
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———
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BB NEw AIRCOLLECTOR

Fig. 3.1.1. Sampling locations at Riso National Laboratory. 1-5: locations for rain
bontles (0.03 m’ each), ion-exchange columns (0.06 m’ each), and grass samples.
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Fig. 3.2.1.1. Sampling locations at Barsebéick. Arrows indicate cooling water intake
and outler.
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Fig. 3.2.1.2. Sampling locations at Ringhals. 14 indicates fishing trucks. Arrows
indicate cooling water intake and outlet.
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Table 3.2.1.1A. Radionuchdes in Fucus vesiculosus (Fu.ve.) and Fucus serratus
(Fu.se.) collected at Ringhals 8 Fune 1988. (Unit: Bq kg-! dry matter)

Station No.** 7 7 6 6 5 8 8 9* 9 13*
% dry matter 232 237 23.2 246 243 195 233 218 200 191
Species Fuve. Fuse. Fuve. Fuse. Fuse. Fuve Fuse. Fuve Fuse Fuve
Distance from
outlet inkm 0.2 0.2 1.9 1.9 41 4.8 48 11 11 4.1
54Mn 105 128 2.1 26 2.1 11A 1.30 41 53
57Co 3.0 1.24 079A
58Co 250 330 37 48 30 16.3 25 108 185 22
60Co 166 240 34 57 34 11.8 23 53 92 89
65Zn 18.8 41 51A
110mAg 1.6B 1.28 41A
134Cs 6.1 6.6 49 39 41 39 40 6.2 7.2 50
137Cs 22 22 21 16.9 189 180 17.0 21 24 18.7
141Ce 5.1 6.1
144Ce 127 140 99
* Locations south of the outlet; the other locations were situated north of the outlet.
**Cf.Fig.3.2.1.2.

Table 3.2.1.1.B. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus

(Fu.se.) collected at Ringhals 12 May 1989. (Unit: Bq kg-! dry matter)
Station No.** 6 6 5 5 8 8 9*
% dry matter 17.3 17.7 17.4 19.2 17.0 178 18.2
Sprcies Fu.ve. Fu.se. Fu.ve. Fu se. Fu.ve. Fu.se. Fu.se.
Distance from
outiet in km 1.9 1.9 4.1 41 4 48 11
54Mn 1.62A 140 A 061 A 1.35A
58Co 104 104 7.6 10.7 85 58 17.0
60Co 35 35 23 31 21 148 54
134Cs 2.8 2.9 2.7 2.2 3.2 45 28
137Cs 17.2 16.6 15.6 15.2 21 22 17.7

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

**Cf. Fig. 3.2.1.2.

14
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Table 3.2.1.2.A. Radwonuclides in Fucus serratus (Fu.se.) collected at Ringhals 15
December 1988 (Unit: Bq kg-! dry matter)

Station No.** 7 6 5 8 9
% dry matter 19.9 19.8 194 20.2 237
Species Fu.se. Fu.se. Fu.se. Fu.se. Fu.se.

Distance from

outletin km 0.2 1.9 4.1 48 11
$Mn 36 28 24 A 147 A 143
57Co 058 1.15A
58Co 101 70 56 52 170
60Co 21 76 48 33 450
65Zn 21
110mAg 4.9 3.2A 3.0 1.93 6.0
134Cs 2.1 28 25 20 27A
137Cs 12.0 154 13.1 . 10.1 121

*Locations south of the outlet; the other locations were situated north of the outiet.
**Ct. Fig.3.2.1.2.

Table 3.2.1.2.B. Radionuclides in Fucus vesiculosus (Fu.ve.), Fucus serratus
. {Fu.se:)-and Ascophyllum nodosum (As.no.) collecied at Ringhals 31 October 1989 .
(Unit: Bq kg-! dry matter)

Station No.** 7 7 7 5 5 8 8 9*° 13* 13°

% dry matter 232 218 217 238 208 215 19.8 191 206 215

Species Fuve. Fuse. As.no. Fuve. Fuse Fuve Fuse Fuve. Fuve Fuse.

Distance from

outletin km 02 02 0.2 4.1 4.1 48 48 1.1 4.1 4.1
54Mn 22 16.7 5.4 34 25A 32 25 15.7 3.7 22A
57Co 10A 1.0A

58Co 138 136 62 35 39 37 46 197 37 41
60Co 350 350 200 61 76 50 81 325 47 49
65Zn 16.0 9.7A 14.4

110mpg 36 77A 66 28A 25 23A 23A

134Cs 2.1 25A 20 1.64 1.43 158 1.95 168 22 22
137Cs ] 15.6 13.7 96 10.6 11.8 15.0 1.1 134 15.1

*Locations south of the outlet; the other locations were situated north of the outlet.
**Cf. Fig. 3.2.1.2.

Risa-R-570 15
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Table 3.2.1.3. Ratios of activity concentrations on dry weight basis in Fucus vesicu-
losus (Fu.ve.), Fucus serratus (Fu.se.) and Ascophyllum nodosum (As.no.) collected
at Ringhals 1978-1989

isotope Fu.ve./Fu.se. Fu.ve./As.no.
60Co 082***+0.039 (n=43) 132* =012 (n=18)
S8Co 0.84***+0.033 (n=42) 243***x0.25 (n=16)
54Mn 1.02 +0.056 (n=36) 360°*" =030 (n=9)
65Zn 085* =+0061 (n=28) 1.23 *0.17 (n=16)
NomAg 1.38* =+0.138 (n=23) 113 2017 (n=12)
137Cs 1.00 +0.029 (n=42) 1.35***=0.07 (n=16)
131} 094 (n=1) 1.2 (n=1)
952r 0.89 (n=1)

124Gp 0.70 {(n=1) 1.3 {n=1)
57Co 168 =0780 (n=2) 08 (n=1)
134Cg 0.98 +0.037 (n=18) 15 +0.04 (n=2)
103RYy 129 =+0249 (n=5) 25 +1.17 (n=2)
106RYy 1.25 +0.261 (n=5) 23 +0.38 (n=2)
144Ce 0.69 +0218 (n=2)

14iCe 0.83 {(n=1)

The error term was 1 S.E.

16 Risg-R-570
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Table 3.2.21 A. Gamma-emitting radionuclides in benthic animals and fish collecied
at Ringhals and Barsebick in 1988. (Unir: Bq kg~! fresh)

Species Buccinum® Mytlus® Mytlus®  Mytidus® Mytilus®

Fiatfish Flatfish Flathish Cod Lumpsucker undatum  edulis edulis eduls edulis
meat meat meat meat meat meat meat meat meat meat

Date May 24 June 8 Nov 30 Nov 30 May 24 June 8 June8 June8 Dec 15 Dec1

Location Barseback Ringhais Barseback Barseback Barsebiack Ringhals Ringhais Ringhals Ringhals  Barseback

Station No.& 30 14 30 30 30 14 7 13 6 26

% dry matter - 207 126 115 168 122

Depthinm 15-22 1118 610 610 15-22 11-18 05 06 06 03

58Co 94 428 103

&®Co €6 126 90 1ns

6570 14.7

HOmAg 87

134Cs 082 042 1.38 123 0.086 088 57

137Cs 37 29 64 71 043 28 73 51 34 148

4Cf Figs.3.21.1and3.2.1.2.
*Unit: Bq kg-! dry matter

Table 3.2.2.1.B. Gamma-emitting radionuclides in benthic animals and fish collected

at Ringhals and Barsebick in 1989. (Unit: Bq kg-! fresh)

Species Flatfish Flatfish  Lumpsucker Mytilus edulis® Cancer pagurus® Buccinum un-*
meat meat meat meat total datum meat

Date May 12 May 19 NMay 19 May 12 May 12 May 12

Location Ringhals Rarseback Barseback Ringhals Ringhals Ringhals

Station No.& 14 30 30 6 14 14

% dry matter - - - 15.0 384 21.1

Depthinm 20 7-12 7-12 0.7 20 20

58Co 1.38B

60Co 7.2 1.15 118

1omAg 36 24

134Cs 0.20 0.70 0.20A 0.86 A 043A

137Cs 1.70 40 087 4.6 23 2.1

ACf. Figs. 3.21.1and 3.2.1.2.
*Unit: Bq kg-! dry matter

Risg-R-570
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Table 3.2.2.2. Actrvity ranos on dry weight basis, Mvnilus edulis soft part (from
Tables 3.2.2.1. A and B) 10 Fucus vesiculosus (from Tables 3.2.11.A and B)
collected at Ringhals in 1988 and 1989

Location Date 60Co 58Co 65Zn 137Cs MOmAg S4Mn  952r 144Ce 134(Cs
7 JuneB813988 040 038 033
13 June81988 142 191 027
Mean 1988 091 114 0.30
SEE 051 077 0.030
n 2 2 2
6 May 121989 0.21 0.125 0.27 0.31
Mean 1677-89 039 035 112 034 075 0160 022 060 044
SEE 0.057 0082 0140 0032 0.156 0068 0.05 005 0.14
n 26 21 22 17 8 4 3 4 2
Table 3.2.4.1 A. Gamma-emitting radionuclides in sediment samples collected at
Barseback, 55°45’N 12°S2’E, location 38, in 1988. (Area: 0.0145 m?)
Date Layer §0Co 60Co 134Cs 134Cs 137Cs 137Cs
incm Bgkgl'dry Bgm2 Bqkg'ldry Bqm-2 Bgkg'dry Bgm-2
May 25 0-3 119 102 48 41 76 650
36 5.7 60 63 670
6-9 32 370
9-12 159 200
12-15 6.0 76
0-15 2162 PR Y 31970
Dec1 0-3 109 80 61 450
3-6 85 53 50 310
0-6 2133 3 760
Table 3.24.1.B. Gamma-emitting radionuclides in sediment samples collected at
Barsebiick, 55°45°’N 12°53’E, location 38, in 1989. (Area: 0.0145 m’)
Date Layer 5Mn SMn 8Co  69Co 258b 'S 14Cs "¥(Cs "MCs "ICs
in  Bgkg' Bam-2 Bgkg' Bam-? Bqkg' Bgm-Z Bakg' Bgm-? Bqkg' Bgm-?
cm dry dry dry dry dry
May20 03 159 m 10.0 70 87 6! 79 550
36 127 129 56A 657A 46 47 72 730
6-9 38 46 023A 28A 59 710
912 13 B 168 34 420
12-15 22 280
0-15 3290 3127 2127 I 2700
Nov17 0-3 151 108 102A 72A 7.2 51 80 570
36 14.4 158 52A S7A 39 42 74 820
6-9 72 84 132A 154A 68 730
912 40 48 068A 80A 58 680
1215 0.9%A 115A 10A 11 8A 35 410
0-15 2115 X410 Y129 2116 23300
18 Risg-R-570
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Fig. 3.24.1. Towal accumulated discharge of %Co (GBg, decay-corrected) from
Barsebick (7) and transfer factor 1o one square meter of sediment at location 38
(W) calculated as Bqg m-2/GBg.

Fig. 3.2.4.2. Total accumulated discharge of Co (GBq, decay-corrected) from
Ringhals (C3) and transfer factor 10 one square meter of sediment at location 2 (B)
calculated as Bqm-2/GBy.
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Table 3.2.4.2.A. Gamma-emitting radionuclides in sediment samples collected at
Ringhals, 57°15°N 12°04’E, location 2, in 1988. (Area: 0.0145 m’)

Date  Layer 69Co &Co 12%Gh  123gh MCs 1MCy (¥Cg 1(Cs
. Bakg' Bam? Bgky® BamZI Bgkg' Bgm? Bgky' Bgm-?
cm dry dry dry dry
June8 03 112 148 26 3 196 260
36 74 172 109 25 176 410
69 77 320
912 31 112
12-15 182 78
0-15 ¥ 320 P 1180
Dec16 03 25 270 64A 68 A S0 53 38 410
36 21 360 142 25 41 730
69 102 270 29 760
912 21 75 179 630
12-15 92 330
015 X980 Y68 I78 T 2900

Table 3.2.4.2.B. Gamma-emitting radionuclides in sediment samples collected at
Ringhals, S7°15°N 12°74’E, location 2, in 1989. (Area: 0.0145 m?)

Date Layer 60Co Co 125G 125G V4Ce 134Cs '3Cs 11Ce
in Bqkg-! Bam-2 Bagkg Bqm2 Bgkg' 8qm-? Bgkg’' 8gm-?
cm dry dry dry dry
May12 03 160 350 32A 70 A 1.34 29 188 410
36 112 280 408B 988 126A 32 2 510
69 33 121 097A 34A 140 480
9-12 58 240
12-15 29 135
0-15 T 750 Y168 95 ¥1780
Nct31 03 191 370 318 598 1.2» 24 150 290
36 69 220 145 470
69 22 87 77 310
9-12 0.79 36 36 163
1213 20 24
0-13 710 X 59 Y24 Y 1260
20 Riso-R-570



Tabls 3.2.5.1 A. Reported monthly liquid discharges from Ringhals in 1988

(Sydkraft 1988). (Unu: Bg montk-’)

soope  Jan Fed March Apni May June July Aug Su Oct Nov Dec
1Cr 77108 16~30* 79107 35~107 83I-108 59100 £1x10% 46-10* 16~10% 14=10% 66~10¢ 12.102
Seen TIVT0F 14108 16~100 13100 17x108 t6x100 SO~108 41-10% 40100 33100 4510 15.10°
51Co 59-10F 17x107 73»108 4310 91 x108 14x107 §S>107 37107 J9~10° 40»107 48-~10° 3E-10°
%Co T6.10° T4x10% S4x10% 22~100 29x10% 32%10% 23»10® 13~10°C 12x10'® 13x107® 76~10* S55~10*
Yfe 612107 62»107 18x107 54x108 3IS5x107 20~107 16108 23~10% 16~100 18~108 23-10% 16-107
®Co T7x10? SS5x10° 33Ix10% 22x10% 26x10% 22x10% S9x10% 6&~10% 49x10% 3I4x10% 69x10* 93.10°
®2n 82>10" 66x107 58x107 26=30" 39x107 3IT=107 33x107 1210 84x1C" 3II»107 BI~I0" 12-108
Momag 40107 14x100 42%107 54%107 34107 32x107 77x107 20107 32108 17»109 24&x10¢ 372+107
L] 69-108 52x108 00 S6x108 15100 12%107 00 T&~108 15%100 13~x107 70=10° 22»108
Cy 1S5»108 17x100 99x107 3I7x107 43xi0 18x10% 21»10% 18~108 10x=10% 24x109 12x108 37109
s 23=10° 29x100 21x108 79x»107 GOx10%8 25%10% 32x10% 46109 94&4x10% 3JT1x108 27108 2:2.10%
Table 3.2.5.1.B. Reported monthly liguid discharges from Ringhals in 1989

(Sydkraft 1989). (Unit: Bq month-!)

Isotope Jan Fed March Apri May June July Aug Sept Oct Nav Dec
$1Cr 42»10"7 91x107 43x107 68108 34x10% 10x10% 25x10% S§5~10t 16=10% 43~10% 43~10°F 19108
S4Mn A9~107 24=100 18x108 55~107 1.7x108 33108 49=10% 23-10f 77«10 39»10¢ 95-~10° 13-108
$7Co 79~105 24~107 26>10" 7I>108 14x107 37107 68107 1107 S0~107 21x107 75-10° 17+107
S4Co T3~10° 21%10% 22x10% S57»108 30x10* 5610 19-~10°C §8.10* 14-100 43~10° 3I9~10* 26 10?
e 00 00 00 00 13x108 38x107 46107 S56-'0¢ 53-707 36~107 74»10¢ 48.10%
®Co 13%70% 37=10% 23%107 11~10% §2x10% 94&~10% 17>10 92~10% 13I~10°0 70~70% 29~10¢ 31-10?
Zn 24<107 27x107 11x107 26%107 S$5%x107 26107 13~100 85107 29108 14108 4B~10" 25~107
MomAg  TORT07T 29x107 13%107 52+108 22x100 59x10° 33»108 20-10% 44=107 1.%107 97x10° 16>107
Iy 93-105 21%106 35108 co 81x%107 14107 00 32-107 29800 97»10% 00 00
VMCs 77-107 10108 37108 S0~107 37x1080 20-108 &6~108 24-~10% 48-10* 14-108 93-107 11~-100
YCs 37-',° S4~10% 37-108 19-10° 62108 69-10* §3-10* 42-60% 24-10% 11-10° 20-10° ££.107
Rise-R-570 21
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Table 3.2.5.2. Reported annual liguid discharges from Ringhals 1975-1989,

(Sydkraft 1975-1989). (Unit: Bg year))

Isotope 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1968 1989

SICr 23109 1.3x10" 39x100 75x102 60x10°9 16x10'0 55x10? 14x10'0 81x10% 1.9x10'© 10x100 1.3x10'0 15x10'0 1.1 x10'
S4Mn 34x10%9 33x100 1.1x100 52x109 654x10° 40x109 22x109 78x10% B81x10%9 51x109 55x10? 42x10% 31x<10? 31 x10%
S’Co 16x108 11x108 22x107 49x107 1.1x10% 26x10° 31x109 S56x10% 3J1x108 31x100
S8Co 0 1.5x10'0 31x10" 51x100 27x10'0 18x10'0 26x10'0 1.8x10'0 59x10'0 1.2~x10"" 67x10'0 81x10'0 73x10'0 84x10'0 88x10'0
S9Fe 0 1Ax10° 1.1x100 13x10° 99x10% 1.1x10° 1.1x108 65x109 G6x10" 27x10% BOx108 22x10? 12x109 3.2x100
80Co 44x10% 2.2x10 1.1x10" 98x10'0 52x10'0 93x10'0 65x10'0 I3Ix10'0 78x10'® 1.2x10'" 57x10'0 86x10'© 85x10'0 54x10'0 76x10'°
85Zn 81x109 38x10'0 40x10'0 85x10'0 42x10'0 88x10'0 22x10' 20x10'0 97x10% 3JIBx10* 46x10? 41x10% 77x100 8Bxi108
Nompag 30x108 93x100 46x10° 1.1x10° 11x10% 98x108 60x108 52x108 651x108 JIx108 BOx108 58x108 12x10° 10«10
[ 24x10° 0 36>107 0 24x10° 1B8x10% 30x10° 34x10® 48~-108 951 B1x10% 1.7x10" 35x10" 1 3x108
14Cs 62x109 12¥10'0 49x100 15x100 15x10'0 25x100 B8x10° 28x10% 18x10° 79x10* 45x10? 68x109 2.7x10?
Cs 84x102 26x10"™ 66>10'0 21~x10'0 20~10'0 I3IxION 15x10'® B82~x10% 38x10° 1.5x%10'0 2.7x10% 1.2x10'0 @8 ~»10?




Table 3.2.5.3.A. Gamma-emitting rodionuclides in Fucus vestculosus (Fu.ve.) and
Fucus serratus (Fu_se.) ourside the northern cooling-water intake at Ringhals
(location 98, 2.3 km north of the outlet) in 1988. (Unit: Bq kg! dry weight)

Date *2 °3 333 a3 e k o2 3 bl | e %9 LUAR B + DA e Sz h
T938
S Fuwe 208 22 =3 - o %: %9 9T 2¢ - 232
maer Fuse 190 2°% %6 22¢ 98 252 %0 228 ns %2 3
M Fuve - 38 T 93 095~ 88K 45 30 a7 3 - 25
Fuse a3 3 24 TA 166 2% 286 20 28 1054 1:82
Fuve.Fuse - 130 o& 0s? Vi3 773 137 T3 T - r 2 126 €155 e
¥Co Fuse - - [:3-1] - - - - - 048 038 -
WCo Fuve 22 ‘84 RS ] e 100 ps ] &7 &5 LY - 47
Fuse 13 Ty 134 8y 17 & L2 L 55 L] »
Fuve Fuse [ R4 108 om bR 3 08s o6 o 097 o7 - 138 G 86 cGs 0
&Co Fuve 57 2 » 83 40 +9 v 22 x - 4
Fuse 76 EX 53 L3 42 59 2 » 15 ks kM
Fuwe.Fu se Gt 705 on & [ 3 o8l 082 ot Q67 - 39 css (25
€In Fuve T7C - - 58 - - - - - -
Fuse 82 5% 504 294 234 - 586 75A - - -
fFuve Fuse 079 - - [+1¥] - - - - - - - 066 033 H
i~pg Fuve - - - - - - - 224 28a - 264
Fuse 33A 274 - - TiY 128 - 173 23a 32 2'8
Fuve. Fuse - - - - - - - 138 20 - 132 127 €23z kS
hSp Fuve - - - - - 3-a - - - - -
TMCy Fuve 22 25 22 ‘83 3z 5o 4 34 Rl - 28
Fuse 29 1 2% 23 - 3t ER) S0 36 3¢ - i3
Fuve Fuse 076 73 097 Lr i T2 T 46 082 095 T 00 - 20 120 €3 10
¥Cs Fuve 104 16 Q7 86 58 1B} 173 188 137 - 132
Fuse 1512 o7 G B¢ 144 61 203 57 ‘67 25 82
Fuwe Fuse 066 120 09 00 10 '3 o08% 108 £82 - 16 ' 04 £0e o
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Teble 3.2.5.3. B. Gamna-emitring radiowuchdes in Fucus vesiculosus (Fu ov) and
Fucus serratus (Fu_se.) ovtside the northern cooling-water intake at Ringhals
(locetion 98, 2.3 km nortk of the outlet) in 1989. (Unir: Bg kg-! dry weight)

Jere 2 184 3 W 5 A ] ¢ »7F e ra Tt R Ve SE N Mea~ 31

ey foue 2346 e xe 170 28 Te e - '95 rs s 13
e Fuse IT o A 1) e 279 196 ne 2s: 7Y 3y

M bue 2T 108 1004 & 108 - 30 - 1894 Sa& 28 5
Fu se Tes 2)A 1%5A 2 19 T a3 2 - L& 1 2% %0 4
Fuve.Fu se 09 OR 116 O 0% - 1 4t - cas 2! -} 4 1Yy 109 01X 10 106 09

e Fuse 0274 . - - - - - - - -

Fuse - - - c1s o038 - - 048 OXA O0XaA - 31
We fuve M 2 n 7% 07 9 2¢ - k] L a [ ¥

Fuse &7 n b2 n 122 120 % e » S 5 “
fuve.fuse OR1 09 092 O OM T C9) - [ 1} 093 I3t 0T CS8 Qo2 i o8 (i
“Co Fu.e R 2 23 » k-] e L3 - [ 1 03 o8 Ty

Fuse 8 9% %2 & a2 27 9 % 10 T e
Fuve Suse 006 095 G4 07 O €S2 08 - 05 o T2 0% 08 003 ' 0§ 05
Nn Fuve - - - - - - - - - - . 474

Fuse 2'8 - - - - - - - - 4 39
Fuve. Fu se . - - - - - - - - - - 120 22 - * ass 00X
A Fuwe 167 - - 152 - - - - 2 - - 41

Fuse 180 - - - - - - 18 32 57 b3 ] 42
Fuve.Fu se 09 - - - - - - - 06s - - 0% o Q10 3 To8  COE%
NS Feve 153 - - - - - 794 - - - - -
‘MCs Fuve a9 16 148 rai 23 39 3 - 19 T &6 b/ 3 0% A

Fuse 195 22 T8 27 23 N 2s - 174 TISA 92 149
FuveFuse 050 074 077 07 083 09 12 - 109 133 & 06 285 009 Y 105 CO8S
MCs Fuve 79 85 BS 37 19 129 199 - 39 B T 20

Fuse '3 122 06 138 139 138 '5) 204 324 s 2 (1]
Fuve Fuse G70 069 GB8: 09 C86 (¢ 3¢ - T2 32 ITe 597 G G628 i DM
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Table 3.2.5.3.4. Gamma-emiiting radionuciides in Fucus vesiculosus (Fu.ve.) and
Mynlus edults (My.ed.) collected from the northern cooling-waser intake channel at
Ringhals in 1988 (locanom 95 (local), 2.5 km novth of the oczles). (Uwit: Bg kg! dry

weight)

Oase fFed! My M2 Miyl e Juwd Mgl SesI0 Nl X Mg St
1988
Soy WMyeo - 144 179 mr 178
manner Fuvwe 195 177 12 163 i 3 195 152 .9 134
Solerury
n Y% 196 270 s i ]] 170 7t 192 29 E2A)
RCr Fuwe SBA me
Man Fuve 75 54 43 49 €2 93 ns 36
s Fuwe . 0674
e Myes A2 4 B i1 39 80
Fuve n 163 L 13 | M 2 55 kL - ] 182 [ -]
My o4/ Fu ve 0108 0038 OMS 0107 0005
®Cs Myee - - 2% 122 76 71
Fuve 108 “ 67 e | -} TtQ n 450 (-4
My e¢- fu st 020 001720 0102 0110 00%
fZn  Myes T48
Fuve kB 2
»nZr Fuve 155 159 132
nes  Fuve - n .} 1Al
Ry Fuve 3ia
Wy Fuwe - A  "76A
1"emAg  Myed 208 Se 40 204
fuve 26 434 458
My ed, Fu ve 04 045 ]
e Fuwe 40
MCs  Myed 1184 089 o 102
Fuve 75 70 63 92 162 (X $2A e J0A
My e/ Fuve 0190 . 0103 027 o187 0047
1Cs  Myeod [1] 70 45 ar
fuve » 0 k| 43 L 3 24 24 n n
My ed/ Fu ve 023 013 022 0194 0028
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Table 3.2.5.4.B. Gamma-emitting radionuclides in Fucus vesiculosus (Fu.ve.) and
Mytilus edulis (My.ed.) collected from the northern cooling-water intake channel at
Ringhals in 1989 (location 95 (local). 2.5 km north of the outlet). (Unit: Bg kg~ dry

weight)
Date Jan2  Feb! Mar1  Mar30 Mayl June! June29 Aug3! Oct2 Nov? Nov30 Mean SE N Mean SE N
1983 1984
%dry Myed 157 154 161 160 178 243 129 164 198 204 19 089
1

matter Fuve 173 143 168 154 201 Ny 179 200 196 188 193
Sahnit,
n %e 239 205 204 177 183 179 181 216 229 222 26.6
M Myed 130A

Fuve 45A 37 26 34 72 43 86 84 59
My.ed/ Fuve. 035 - 035 0 1 0.3% o] 1
Co Myed 0098 - -

Fuve 0428
8Co Myed 46 28 61 152 1.03 122 161 30 136 93 64

Fuve 63 37 33 24 144 113 61 n 86 24 89
My ed/ Fuve 0073 0076 0188 0064 0072 0107 026 043 0158 0126 0072 0148 0034 " 0157 0026 17
®Co Myed. J4 54 186 33 28 28 27 186 26 153 79

Fuve. 340 66 62 65 68 40 151 107 139 137 116
My.ed/ Fu.ve 0022 0081 030 0051 Q041 0071 O07'80 0174 0186 0117 0068 0117 Q025 11 0117 006 20
©Zn  Myed 0938 . 39 24A
Mv.ed/ Fuve 0784 0327 4
BN  Fuve 114 43
08/, My.ed 33A

Fuve 119A 1414
Viomag My.ed 083 040A 107 25A 98 48 28 83

Fuve 31A 65
My ed/ Fuve 027 127 077 050 2 0623 0221 4
"Jb Myed O06R

Fuve. 104
Myed/ Fuve. 0054 - 005¢ 0 10054 O 1
13UCs Myed 067 o088 ne_A 105 199 068 134A - 047A -

Fu.ve. 41 36 36 62 84 45 52 30A 1859A 197A 168A
My.ed/ Fuve 0163 0249 0229 0120 0142 0152 0255 0236 - 0189 0017 8 0196 00'6 iRl
177Cs  Myed 42 43 54 60 64 36 44 36 36 30 20

fuve 20 22 22 40 50 29 25 174 158 15.6 130
My.ed/ Fuve 0212 0191 0247 0151 0127 0122 0177 0210 0228 0195 0157 0183 0012 1 0191 oo 20
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Table 3.2.5.5. Ratios of activity conc -nirations in Fucus vesiculosus samples in the
northern cooling-water channel at Ringhals (locations 95 and 99) to those just

outside the channel (location 98). Mean values and S.E. for 1983 - 1989 are given

7Be 40K 54Mn 58C° GOCO 65Zn YOJRU ‘“Ru 'HOmAg ‘3—'C5 ‘JTCS

1983 279=063 092=003 243=-058 237=-069 167=016 1.12=0.08 1.20+033 142-012
tn = 6) (n=17) in="7 n=7) in=17) n=7) {n =5) in=7

1984 3362032 099-004 191=017 181=017 203=028 099=008 094=019 181=-020
{n=11) {n=11) {n=11) (n=11) in=11) fn=11) (n=2) fn=11)

1985 3.42=051 091=005 199=-032 182=0.30 201=042 1.05=0.14 112=014 169=012
in=7) {n=10) {n=10) {n=10) {in = 10) (n=8) n=2) {n =10}

1586 367=1.07 099=008 245=0.27 230=043 197=022 089=010 338-064 256=033 1.38=020 1992019 271=048
(n=4) (n=7) {n=6) n=8) {n = 8) {n=2) n=4) n=3) n=3) n =4 in=8

1987 084-008 236-049 230=-042 232=027 0.72=0.00 277=000 194=-026 197-024
n=7) (n = 5) n=17 n=7) in=2) n=1) {n =6) in=7)

1988 477=082 099=-008 261=050 184=033 236=039 162=000 270=044 2720=043
{n=28) n=8) {n=6) n=8) n=8) (n=1) in =8) n =8

1989 3.16=030 102=003 211=020 167=014 221=050 097=0.00 172=013 232=030 218=-028
(n=11) (n=11) (n=9) (n=11) (n=11) tn=1) n=2 =11 (n=11)

1983- 352-023 096=002 220=013 197=013 209=014 1012005 338-064 256=-033 138=015 230=018 206=012
1989 in=47) (n=61) (n=54) (n=62) I(n=62) (n=231} (n=4; in=3 nN=16) (n=29 (n=62)
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Table 3.2.5.8. A. Gamma-emitting radionuclides in Fucus vesiculosus (Fu.ve.) and
Fucus serratus (Fu.se.) collected at Stora Niss, Varberg (57°07°N 12°1I’E) in 1988.

(Unit: Bq kg-! dry weight)

Date Feb1 Mar1 Mar29 May2 Junel June30 Augl Aug31 Sep29 Novl Nov30
% dry
matter 177 17.0 228 14.0 216 259 280 211 233 203 21.0
Species Fuve. Fuve. Fuve. Fuve. Fuve Fuve. Fuse. Fuve Fuse Fuse Fuse
58Co - - - - - - 4 18 29 21 1.94
60Co 55 5.3 38 45 3.7 2.8 3.2 27 39 4.2 45
106Ry - . ; ; . . ; . . . 11.8A
134Cs 3.7 3.2 2.7 43 39 53 3.8 35 38 29 27
137Cs 135 146 124 21 19.6 22 195 18.2 17.9 15.3 143
Table 3.2.5.8.B. Gamma-emitting radionuclides in Fucus vesiculosus collected at
Stora Nass, Varberg (57°07°N 12°1 1I’E) in 1989. (Unit: Bq kg-! dry weight)
Date Jan2 Feb1 Mar1 Mar30 Mayl Junel June29 July31 Aug31 Oct2 Novl Nov30
% dry
matter 213 20.0 199 16.6 211 243 19.8 189 199 214 20.0 202
54Mn 088A - . . . . ; . . . . .
58Co 1.23A - - - - - - 168 21A 28 28 21 A
60Co 38 35 26 24 24 1.60 1.76 24A 33 5.6 6.7 6.3
134Cs 22 1.57 1.97 2.7 3.0 3.3 4.1 3.2 3.1 22 1.86 1.58
137Cs 124 10.6 1.3 148 17.7 17.5 23 22 176 16.8 13.1 125
28 Risg-R-570
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Table 3.2.5.9.A. Reported monthly liquid discharges from Barsebick in 1988,
(Sydkraft 1988) (Unit: Bg month-!)

isotope Jan Feb March  April May June July Aug Sept Oct Nov Dec
SICr 86x107 13x10% 1.3x108 54x108 1.1x108 51x108 31x108 37x107 37x108 52x108 8.7 x107 46~ 108
S4Mn 37%x107 72x10° 1.0x108 35x108 28x10% 23x108 76x 102 18x108 28x108 24x108 75x10" 15x 108
S6Co 57x107 70x108 80x107 28x108 99x107 1.3x108 15%10% 1.9x10% 64x108 59x108 20x108 60x 106
S9fe 0 0 0 0 0 0 35x107 0 0 0 0 0
€Co 7.0x108 28x10% 3.6x108 2.2x10% 1.2x10% 15x10% 40x10% 1.0x10° 1.9x10% 43x10% 88>108 13x102
€2n 29 97x107 0 0 25x107 0 32x107 O ¢ 48x107 0 0
110mAg 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 15x108 0 22x108 1.3x10%
134Cs 0 1.4x107 0 1.7x107 95x106 3.1x107 0 0 25x107 1.7x107 0 0
131Cs 8.7x106 49x107 0 45x107 31x107 93x107 76x107 42x107 52x107 7.5x107 22x 107 57 x107
Table 3.2.5.9.B. Reported monthly liquid discharges from Barsebéck in 1989,
(Sydkraft 1989) (Unit: Bq month-!)
Isotope Jan Feb March  April May June July Aug Sept Oct Nov Dec
SiCr 16x108 55x107 38x107 55x107 6.6x 107 0 72x108 1.6x106 28x108 71 %108 84x108 51 x108
4Mn 9.2x107 27x107 7.2x107 6.7x107 34x107 24>x107 15x108 7.0x107 31x108 1.9x108 70x107 1.3x108
S8Co 2.0x10% 32x107 89x107 1.4x108 49x107 31x107 27x108 1.8x106 1.0x10% 3.4x108 156x108 3.1 x108
S9Fe 0 0 0 0 0 0 0 0 0 0 0 0
€0Co 82x108 26x108 43x108 51 x108 23x108 1.6x108 1.3x10% 55x108 14x10% 1.8x10% 47108 19x10®
65Zn 86x105 3.6x107 0 0 0 0 0 0 0 0 0 0
110mAg 0 0 0 1.7x107 54x106 0 0 0 0 0 0 0
131} 65x108 58x108 82x107 3.3>109 1.3x10% 15x%x10° 0 35x108 85x108 1.3x108 27108 3.7x108
134Cs 1.5x107 53x106 0 0 3410 39x106 0 25x107 1.8x108 51x107 24x107 6.3~ 108
137Cs 6.9%x107 19x107 53x106 44107 21107 95x 106 0 60x107 1.6x108 93x107 3.2x107 59x108

Table 3.2.5.10. Reported annual liguid discharges from Barsebdck 1975-1989,
(Sydkraft 1975-1989) (Unit: Bq year-!)

Isotope 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
SiCr 1.2x10'0 17x10'0 $13x10'C 32>10'0 1 7x10'0 422109 27x10'0 §7x10% 72x10? 47x10% 66109 18x10'0 15x10'0 45-10° 34x108
S4Mn 56x107 20x102 21x109 39x102 70x)C? 17»109 20x109 33x109 27109 37x10% 37x10% 15x10'C S§0x10° 34«102 12»10*
%Co 66x107 26x100 13x10'C 34x1u 7Bx10? S 2x10% 63x30% 40x10% 18x10° 49-1C? 26x10* 90102 B6x10® S1~109 28»10%
BFfe 24x108 93-107 165>308 T2x100 13x108 55x108 78x107 11x10% 11~108 35x107 [}
#Co 26x10% 14x10'0 28x10'0 54x10'0 22x10'0 37x10'0 43100 7.3x10'0 49x10'0 50»10'0 42x10'0 96~ 10'0 32x10'0 22»10°C 98« 30?
657n 37x107 3" x109 70x109 10x10'0 55x10% 58x10% 55107 77x10% 26x10? 12x10% 75»108 22v10% 26x108 20~-108 45-10°
110mAg 0 22x10% 18x10° 36-70° B86x108 29x10% 24>10% 13x10% 38x107 57107 0 13107 94x108 0 22-107
1 7T5x108 22x108 37x107 12x108 75x107 17-10% 94-10°
TMCg 0 0 467107 19100 65x10% 40x102 47»108 12>10° 16x10F 11-108 94-10°
137Cs 4] 0 65x108 19x107 0 0 671w109 26=10°C 12100 92-102 19-109 51107 46102 55-10¢ 11.107
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Table 3.2.5.11 A. Gamma-emitting radionuclides in Fucus vesiculosus collected at
Barsetdck, location 25 (55°48°80N 12°54°45E) in 1988. (Unut: Bq kg-! dry weight)

Date Feb2 Mar2 May2 May25 June2 Julyl Aug2 Sept Sep30 Nov2 Decl Dec2
% dry
matter 18.7 183 145 11.7 10.6 158 224 175 171 211 183 17.2
Salinity
in %o 7.7 153 81 - 85 84 14.0 9.0 134 20.6 18.6 -
S4Mn 75 57 22 26 32 39 a1 45 45 40 27 24
58Co 37 N 76 76 78 715 28 30 77 66 40 22
60Co 320 250 128 135 179 198 147 210 220 290 183 146
€5Zn - 70A - - - 49A - - 388 - - -
13 - - - - - - - - 30 22A 194 -
134Cg 9.0 8.7 127 143 175 15.7 100 13.2 78 87 6.0 7.0
137Cs 32 32 4 50 65 61 40 53 37 35 27 N
Table 3.2.5.11.B. Gamma-emitting radionuclides in Fucus vesiculosus collected at
Barsebick, location 25 (55°48'80N 12°54°45E) in 1989. (Unit: Bq kg~! dry weight)
Date Jan3 Feb2 Mar2 Mar31 May2 May 19 May19° June2 June30 July31 Sep1 Oct3 Nov2 Dec?
% dry
matter 176 181 158 148 135 151 93 160 198 223 183 183 177 83
Salinity
in %o 105 115 97 111 99 99 108 82 108 174 100 137
S4Mn K} 24 168 120 106 125 - 107 101 6.1 90 121 132 110
S8Co 33 24 149 87 67 51 - 16A 24 32 75 167 193 148
60Co 220 194 14z 106 94 93 - 87 69 52 70 76 102 94
65Zn 36A - - - - - - -
1256b . - - 138 - - - 238 47 64 -
134} - - . - - 142A 558 - - - 48 -
134Cy 6.1 58 54 64 105 83 109 87 7 46 68 69 59 46
131Cs 27 27 28 33 49 48 55 a4 26 37 37 35 Vi)

*Location 23, cf. Fig. 3.2.1.1.
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Table 3.2.5.13.A. Gamma-emitting radionuclides in Fucus vesiculosus collected at
Limhamn (55°35°N 12°55°E) in 1988. (Unii: Bg kg! dry weight)

Date Feb2 Mar2 Mar30 May2 June2 Julyl Aug2 Sepl Sep30 Novl Dec?
% dry matter 17.7 170 163 145 136 169 216 160 199 194 176
AMn - - - - 08A 07A - 1.62 - 13A 098
60Co 43 30 21 25 18 141 22 23 33 33 33
nomAag - - . - - . . 30A . - -
131 - - - - - - - - - - 53
134Cs 103 112 85 128 140 151 105 125 89 8.6 74
137Cs 36 39 32 50 83 58 40 49 39 38 32

Table 3.2.5.13.B. Gamma-eminting radionuclides in Fucus vesiculosus collected at
Limhamn (55°35°N 12°55’E) in 1989. (Unit: Bq kg~! dry weight)

Date Jan1 Feb2 Mar2 Mar31 May 2 June 2 June30 July31 Sep9 Oct3 Nov2 Dec1
% dry matter 169 155 147 157 125 169 166 184 198 211 193 166
54Mn 08B - - 048 - - - - - - - -
60Co 35 27 20 27 149 122 - 136 138 136 141 120
131) 22A - - - - - - - - 20A -

134Cg 7.0 57 65 70 97 121 11.7 73 70 ©1 46 57
137Cs 29 28 3 35 51 61 59 37 38 35 29 34
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4. Fallout Nuclides in Abiotic Samples

by A. Aarkrog and Heinz Hansen

4.1 Air

Air samples are collected at Risp and at Renne, Bornholm. Weekly samples
are measured by Ge-y-spectroscopy and Sr is determined in annual aliquots.
The sampling equipment is described in Risg Report No. 421 (Rise Reports
1957-1989).

Figure 4.1.1 shows how the %Sr concentrations have varied in Risg air since
sampling began in 1957. The level in 1989 (0.07 uBq m-3) is so far the lowest
observed.

Table 4.1.2.2 summarizes the 137Cs air concentrations throughout the years.
Since Chernobyl the decrease in concentrations has become slower with time.
Tables 4.1.2.1 (A & B) suggest a spning peak around March-May. From Fig-
ures 4.1.2.1 and 4.1.2.2 it appears, however, that the peak is not very promi-
nent. It is thus an open question whether there actually is a stratospheric
component of the Chernoby! fallout or whether all measured Chernobyl 3’Cs
in air and precipitation now is due to resuspension.

Figure 4.1.2.4 shows how the resuspension factor for Chernobyl 1¥7Cs in
Denmark has decreased with time. A power function seems to give the best fit
to the observations.

The 1B7Cs concentrations in air at Riso are about % of those measured at
Bornholm. We believe this is due to a higher local and perhaps regional (from
Eastern Europe) resuspension at Bornholm.

At a few occasions shorter-lived y-emitters from unknown sources have--
been detected (Table 4.1.3), but the concentrations have been very low.

4.2. Precipitation

Precipitation is collected monthly from the ten »State experimental farmsa«
(Figure 4.2) and from Rise (Figure 3.1.1). The samples are combined to bi-
monthly samples before analysis for %°Sr and radiocesium.

Since 1987 the %0Sr deposition in Denmark has decreased with a halflife of
about 1.4 vear while 137Cs has decayed with 0.4 year halflife. Most of the 137Cs
is from Chernobyl while St preferentially comes from global fallout. Local
resuspension plays an important role as a source for the 137Cs deposit. We still
notice a relationship between the original Chernobyl fallout and the deposi-
tions in 1988 and 1989 at the various State experimental farms (Aarkrog 1988,
Aarkrog 1989).

Since 1982 (Risy Reports 1957-1989) the 90Sr deposition at Tornbygird,
Bornholm, has been about twice that of the country mean and the concentra-
tion in rain has been nearly 3 times higher. However, prior to 1982 and in the
»Chemobyl year«, 1986, Bornholm did not differ markedly from the country
mean. We believe that Bornholm has an enhanced resuspension of 908r fallout
compared to the remaining part of the country. The contribution from this
resuspension to the activity in rain will only be observable when the fallout
rate is low, i.e. about 2-3 Bq %9Sr m-2. This was the case in 1982-1985 and again
since 1987. Before Chernobyl we have no systematic measurements of 37Cs in
precipitation from Bornholm, however, the observations since 1986 indicate
that also ¥Cs shows higher concentrations in rain water from Born-
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holm than from the remaining part of Denmark. In order to examine whether
the difference was connected to special local conditions at Tornbygird, we
began sampling in 1989 at another location at Bornholm, Nexg situated in the
eastern part of the island (Tornbygard is to the west). It appears from Tables
4.2.1.1.B and 4.2.1.2.B that the %0Sr levels at Nexo were compatible with those
in the remaining part of Denmark but a factor of 2.7 umes lower than those at
Tornbygird.

Tables 4.2.2.1.B and 4.2.2.2.B show that the 13’Cs levels at Nexo also were
lower than those at Tornbygird, but only by a factor of 1.5. We conclude that
Tornbygird shows an anomaly with enhanced resuspension in particular of
old global fallout (%0Sr and 137Cs ?). The phenomenon was also discussed in
the previous report Risp-R-563, p. 34 (Risg Reports 1957-1989).

The washout ratio (Bq m-3 rain/uBq -3 air) calculated from monthly 37Cs
values at Riso (Tables 4.1.2.1.A & B and Tables 4.2.2.5.A & B)was 3.4+2.4 (1
S.D.;n =12)in1°88 and 5.0+ 5.0 in 1989, in 1987 we found 6.5.

Table 4.2.5 shows a retrospective study of 3’Cs and 3H in precipitation
collected since 1963 at Funen. Compared with measured %Sr levels at Blang-
stedgdrd throughout the years the 137Cs levels may be a little too high probab-
ly due to evaporation during the storage. The geometric mean of 137Cs/?0Sr
was 2.4, the expected value is 1.6-1.7.

4.3. Fresh Water
4.3.1. Ground Water

The collection of ground water takes place annually from nine selected loca-
tons (Figure 4.3.1.1). The median 9Sr concentrations since 1961 appear in
Figure 4.3.1.2, and those from the outlier location: Feldbak in Figure 4.3.1.3.

The concentrations of B37Cs in Feldbak ground water were 0.14 Bq m-3 in
1988 and 0.06 (B) in 1989. This demonstrates how efficiently ground water is
protected against 137Cs contamination, even at a location with a high transfer
of %0Sr.

4.3.2. Lakes and Str<ams

The sampling location for lake and stream water are shown in Figure 4.3.2.1
Since 1986 Chernobyl 137Cs have been measured along with Sr. In the
period 1987-1990 the !37Cs concentrations in lake water have shown an effec-
tive halflife of 2.7 years and those in streams have decreased with 1.8 years
halflife. The corresponding halflives of 90Sr were 3.5 and 4.1 years, respective-

ly.

4.3.3. Drinking Water

Potable water was collected from the towns used for total diet sampling (cf.
Section 5.7) in June 1989. The %St concentrations were half of those in 1987,
while the 137Cs levels were nearly twice as high in 1989 as in 1987, which may
indicate a delay in tne penetration of Chernobyl 137Cs to the ground water.

4.4, Sea Water

Since 1962 samples of surface and bottom sea water have routinely been
collected around Zealand summer and winter (Figure 4.4.3).
The 99Sr and the }37Cs concentrations throughout the years are shown in
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Figures 4.4.1 and 4.4.2, respectively.

Since Cernobyl the Baltic Sea has been the main source to the !3’Cs conta-
mination of Danish waters. The percentage of Chernobyl 37Cs increased in
the inner waters from 1988 to 1989 by a factor of1.0320.02(=1S.D.; n = 6)
(cf. Table 4.4.3 and Figure 4.4.4), although the total ¥7Cs concentrations
decreased from 1988 10 1989 (cf. Figures 4.4.9 and 4.4.10).

The #¥Tc measurements (Figures 4.4.5-4.4.10) illustrate that 9Tc¢ enters the
Danish inner waters from the North Sea by the Jutland Current.

4.5. Soil

South-East Jutland (Figure 4.5.4) received the highest amounts of Chernobyl
radiocesium. The samplings from 1986 (Risp Reports 1957-1989) were repeated
in 1988 and the samples were measured for radiocesium as untreated raw
samples and as treated samples (drying, crushing, blending and sifting with
removal of stones). The mean ratio between 37Cs in treated and untreated
samples (Table 4.5.1) was: 0.95=0.05 (+1S.D.; n = 20). The corresponding
ratio for 134Cs was 0.89+0.14 (=1 S.D_; n = 17). Hence minor amounts of
radiocesium may adhere to the discarded stones.

A soil sampling of uncultivated soils at the 10 State experimental farms was
carried out in September 1989 (Table 4.5.2). A similar sampling took place in
1987. The mean ratio berween 1989 and 1987 (Bq 137Cs m-2, 0-30 cm) for the 10
locations was: 1.31+0.29 (=1 S.D.; n = 10) and for 134Cs (decay corrected to
26 April 1986) 0-10 cm we found 1.00+=0.22 (=1 S.D.; n = 10). Hence it was
not possible to ascertain any field loss (runoff etc.) of radiocesium from
uncultivated soils from 1987 10 1989 (cf. Figures 4.5.]1 and 4.5.2).

In order to investigate the importance of windbreak for the deposition and
resuspension of radiocesium two experimental soil samplings were carried out
after an idea of Marianne Wichman, FOA 4, Umed, Sweden (Figure 4.5.3 and
Table 4.5.3).

The Tagerup station did not differ very much with the distance from the
windbreak. The highest Chernobyl values were observed at a distance of 10
times the height of the hedge. At Nustrup in South Jutland, where the Cher-
noby! fallout was nearly 20 times higher, the highest Chernobyl levels were
observed at a distance of 6 times the height of the hedge. At longer distances
the deposition decreased markedly. With regard to global fallout the
maximum in the 0-5 cm layer occurred at a distance of 10 times the height of
the hedge. These results are difficult to interpret and further studies are
needed in order to explain the significance of windbreaks for the deposition
and resuspension of fallout.

Tables 4.5.4 and 4.5.5 show the %0Sr levels in Danish soils collected in 1987.
Compared with the theoretical mean deposit in Denmark by 1987: 1555 Bq
90S: m-2 (Appendix D2) the mean measured inventory to a depth of 30 cm is
low by a factor of two. Hence %0Sr has penetrated to greater depth or - as
suggested from the data from St. Jyndevad in Table 4.5.5 - may have disap-
peared with runoff.

4.6. Marine Sediments

As previously sediments have been collected by the HAPS sampler off Risg in
1988 and in 1989. The variation from year to year has been great. The contri-
bution from Chernobyl ¥7Cs to total 37Cs has varied between 14 and 44%.
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Table 4. Geometric means of Strontium-90 and Cesium-137 levels in Danish environmental

absonic samples collected tm 1988 and 1989

Strontium-90 Cesium-137
Sample type and unit
1968 1989 1938 19¢9

Air at Riso, uBqm-3 0.19 007 21 14
Air at Bornbolm, uBq m-3 012 011 29 19
Countrywide deposition with rain, Bq m-? 0.99* 0.54* 119 3.5
Countrywide rain samples, Bq m-3 1.35* 1.02* 16.3* 6.6°
Counuywide stream water, Bqm-? - 64 1.9 s
Counuywide lake water, Bq m-? - 120 76 59
Counuywide ground water, Bqm-? 0.12 0.06 -
Counuywide drinking water, Bq m-? - 017 - 0.11
Surface sca water around Zealand, Bq m-? 178 15.8* 82 80*
Bottom sea water around Zealand, Bq m-? 10.4° 125 6l* 46*
Baltic $ea water (Bornholm), Bq m-? by 19t 106* 95+
North Sea waier 50°-60°N, Bq m-? - 15° 2° 17+
*Arithmetic means
tSingle values.

Table 4.1.1.1. Strontium-90 in air collected at Riso in 1988 and 1989.

(Unit: pBgm-3)
Year Big air sampler
1988 0.188
1989 0.073

Table 4.1.1.2. Strontium-90 in air collected at Bornholm in 1988 and 1989.

(Unit: pBg m-J)
Year Big sampler, glass

fibre filter, shunt

1988 0.124 A
1989 0.1078
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Table 41.21.A. Cesium-137 in air collected in glass-fibre filters by the large air

sampler at Riso and Bornholm in 1988. (Unit: uBg m-3) (The error term is 1 S.D.)

Month Riso Bornholm

(N) {N)
January 260=080 (4) 329=1.04 (4)
February 226128 (5) 6.00=769 (5)
March 710=733 (4) 472205 (4)
April 3.06=1.28 (4) 505=3.01 (4)
May 3942365 (5) 5282396 (5)
June 254=1.20 (4) 427=1.29 (4)
July 0.74=0.21 (4) 1.02=0.26 (4)
August 1.06=0.32 (5) 1.3820.35 (5)
September 1.14=0.27 (4) 1.88=084 (4)
October 3.32+333 (5) 494+449 (5)
November 198>=1.24 (4) 218104 (4)
December 1.02+0.24 (4) 1.32+0.26 (4)
1988: Geometric mean 210 293
1988: Arithmetic mean 2.56 344

Table 4.1.2.1.B. Cesium-137 in air collected in glass-fibre filters by the large air

sampler at Riso and Bornholm in 1989. (Unit: pBq m-3) (The error term is 1 S.D.)

Month Riso Bornholm

{N) (N)
January 1.2120.73 (5 1832092 (5)
February 0.98=0.30 (4) 181058 (4)
March 1.18=0.52 (4) 1992087 (4)
April 3.74=390 (4) 466=3.83 (4)
May 1.35=0.69 (5 209+093 (5)
June 1.30=1.01 (4) 297+229 (4)
July 1.08+=0.74 (5) 1.61+0.84 (5)
August 1.20=0.33 (4) 144=0.36 (4)
September 1.06=0.27 (4) 1.73=0.13 (4)
October 093+0.40 (5) 1.32+0.82 (5)
November 159084 (4) 1.42+=010 (4)
December 3.31=3.03 (4) 1.60+0.93 (4)
1989: Geometric mean 1.41 1.90
1989: Arithmetic mean 1.58 2.04
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Table 4.1.2.2. Cestum-137 in air collected at Risp 1958-1989.

(Unit: n.Bg m-3)

Year Arithmetic mean Geometric mean
1958 155 127
1959 490 270
1960 73 60
1961 84 75
1962 850 810
1963 2400 1910
1964 1160 860
1965 390 340
1966 210 162
1967 79 63
1968 88 72
1969 N 77
1970 127 100
1971 98 75
1972 51 43
1973 17.3 144
1974 72 52
1975 48 35
1976 15.5 148
1977 60 45
1978 116 88
1979 31 23
1980 9.0 7.7
1981 30 184
1982 5.7 47
1983 2.1 1.81
1984 1.41 1.00
1985 0.68 0.63
1986 1340 35
1987 6.1 47
1988 26 2.1
1989 1.58 1.41

Table 4.1.3. y-emiters in air collected on glass-fibre filters in Denmark in 1988.

(Unit: p.Bg m-3)

Period Riso Bornholm
Jan 25-Feb 2 1.2 95Nb -

0.5 B "10mAg -
Feb 22-29 - 12 106Ru
March 28-April 5 0.45A 95Nb -
Nrt3.10 0.42 A 60Co -
Dec 1219 168 137 -
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Table 4.2.1.1.A. Strontium-90 fallout in Denmark in 1988. (Unit: Bg m-3)

Location mm Jan-Feb March-Aprii  May-dune Juiy-Aug Sept-Oct Nov-Dec Neighted
mean
Tylstrup 832 045 0.238B 1.29A 0.35 0.89 112 0.85
Kale 616 0.87 1.21 26 A 24 155 1.51 1.61
Borris 1009 0.20A 0.65 57 23 0.57 (0.91) 1.25
Askov 1059 (0.35) 0.70 1.29 0.60 0.43 0.52 0.61
St. Jyndevad 983 0.40 042A 21 082 0.75 0.50 0.78
Aarslev 566 3.6 1.78 25 1.85 26 23 23
Tystofte 502 032A 1.13A 0478B 0.61 0.89 0.78A 0.65
Ledreborg 577 2.2 1.30A 48 0.95 1.46 1.00 1.63
Abed 575 0.64 1.39 418 43 6.2 1.39 29
Tornbygaard 579 1.08A 1.86 1.91 29 1.83 22 1.99
Weighted
mean 0.85 1.05 23 1.55 1.47 113 1.35
X: mm 730 162 82 72 178 143 93

Table 4.2.1.1.B. Strontium-90 fallout in Denmark in 1989. (Unit: Bg m-3)

Location mm Jan-Feb March-April  May-June July-Aug Sept-Oct Nov-Dec  Weighted
mean
Tylstrup 580 0.36 0.41 20 1.44 0.43 0.43 0.72
Kale 473 0.87 0.32A 1.81 1.48 0.46 0.158 0.77
Borris 716 0.32A 044 117 1.07 0.43 0.18A 0.50
Askov 634 1.10 0.64 33 117 0.28 0.43 0.97
St. Jyndevad 636 0.43 0.31 0.99 0.72 0.193 0.38 0.47
Aarslev 516 1.56 0.73 20 0.90 0.36 0.57 0.83
Tystofte 434 091 0.88 1.48 0.7 036A 020A 0.70
Ledreborg 444 087A 1.20 0.68A 0.55 0.67 1.02 0.77
Abed 468 074A 3.2 24 36 0.53 112 2.4
Tornbygaard 457 1.60 22 10.8 0.7 36 21 26
Weighted
mean 0.76 0.87 24 1.33 0.64 0.58 1.02
X mm 535 66 101 53 118 117 80
Nekso 550 0408 096 0.68A 064A 026 0.82 0.59
Nekso mm 550 47 68 41 163 143 88
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Table 4.2.1.2 A. Strontium-90 fallout in Denmark in 1988. (Unut: Bg m-?).
(Figures tn brackets are calculated)

Location mm Jan-Feb March-April May-June July-Aug Sept-Oct Nov-Dec 1988
Tylstrup 832 0.087 0191 8B 0.114A 0.077 0131 0.113 on

Kalo 616 0137A 0105 0137A 0.33 0.148 0.112 097
Borris 1009 0043 0094 0.32 0.59 0130 (0.116) 1.29
Askov 1059 (0.061) 0.100 0.151 0.160 0.092 0.061 062
St.Jyndevad 983 0.088 0.045A 0.23 0.20 0.143 0.058 076
Aarslev 566 0.30 0119 0.24 0.30 03 0.154 1.42
Tystotte 502 0.045A 0059A 0.041 B 0.062 0.085 0.040 033
Ledreborg 577 037 0.048 A 0.127 0.119 0.167 0.108 094
Abed 575 0095 0080 024 B 0.48 0.66 0.128 1.68
Tornbygaard 579 0.144A 0.079 0.108 044 022 0.163 1.15
Geometric

mean - 0107 0084 0.150 0.22 017N 0097 090
Arnthmetic

mean 730 0137 0092 0.1 M 0.28 0.1 0.105 0.99

Table 4.2.1.2.B. Sirontium-90 fallout in Denmark in 1989. (Unit: Bg m-2)

Location mm Jan-Feb March-April May-June July-Aug Sept-Oct Nov-Dec 1989
Tylstrup 580 0.037 0.049 0.138 0.102 0.059 0.034 0.42
Kalo 473 0.045 0.035A 0.104 0.120 0.04v 0.010B 036
Borris 716 0.040A 0.061 0.080 0.078 0.080 0022A 036
Askov 634 0120 0.098 0.24 0.080 0.036 0.046 062
St. Jyndevad 636 0.039 0.040 o.on 0.087 0.025 0.036 0.30
Aarslev 516 0.080 0.064 0.078 0.109 0.047 0.049 043
Tystofte 434 0.032 0.053 0.071 0.108 0.024A 0014A 030
Ledreborg 444 0020A 0082 0.025A 0.084 0074 0.055 034
Abed 475 0.023A 023 0.077 0.70 0.045 0060 1.14
Ternbygaard 457 0.065 0.164 0.40 0.108 0.31 0.140 1.18
Geometric

mean - 0043 0.073 0.098 0.117 0.055 0.036 048
Arithmetric

mean 535 0.850 0.088 0.128 0.157 0.075 0.046 054
Nekso 550 0.019B 0.065 0.028A 0.104 0.037 0.073 0.33
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Table 4.2.1.3 A. Analysts of variance of In Bq %Sr m-3 precipitanion,
January-December 1988 (from Table 4.2.1.1.A)

Variation SSD f s? V2 P

Betweenmonths 7424 5 1485 4923 > 995 %
Between locations 17.255 9 1917 6357 > 93.95%
Remainder 129¢8 43 0.302

Table 4.2.1.4 A. Analysis of variance of In Bq 99Sr m-2 precipitation,
January-December 1988 (from Table 4.2.1.2 A)

Variation SSD f s? V2 P

Betweenmonths 8933 5 (0993 3875 > 99.5%
Betweenlocations 6495 9 1299 5072 > 99.9%
Remainder 11.015 43 0.256

Table 4.2.1.3.B. Analysis of variance of In Bg 9°Sr m-3 precipitation,
January-December 1989 (from Table 4.2.1.1.B)

Variation SSD f s? v2 P

Betweenmonths 13948 5 2790 8.833 > 99.99%
Betweeniocations 14.782 9 1642 5201 > 99.99%
Remainder 14212 45 0.316

Table 4.2.1.4.B. Analysis of variance of In Bg 9Sr m-2 precipitation,
January-December 1989 (from Table 4.2.1.2.B)

Variation SSD f s? v2 P

Betweenmonths 10876 & 2.i75 6.597 > 9995%
Between locations 10.000 9 1.111 3370 >995 %
Remainder 14836 45 0.330
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Table 4.2.1.5.A. Strontium-90 in precipitation collected at Riso in 1988

Month 10 m?ion exchange sampler  Eight rain bottles total area: 0.23 m?

Bgm-2 Bqm-3 Bqm-2 Bqm-3
Jan 0.0104 oA
Feb 0.0076 0.164 0.037 0.169
March 0.0078 o2
April 0.0178 1.35
May 0.0105 0.39 0.049 0.86
June 0.0060 0.40
July 0.0111 0.123
Aug 0.0066 0.25 0.072 0.40
Sep 0.0083 0.136
Oct 0.0095 0.190
Nov 0.0088 0.31 0.093 0.52
Dec 0.0085 0.174
1988 20113 x:07 20.25 x:0.40

(5628 mm) (weighted mean) (636 mm) (weighted mean)

Table 4.2.1.5.B. Strontium-90 in precipitation collected at Riso in 1989

10 m? ion exchange sampler Eight rain bottles total area: 0.23 m?
Month Bqm-2 Bgm-3 Month Bgm-2 Bgm-3
Jan-feb 00170 0.73 Jan-March  0.036 0.46
March-Apr  0.022 0.36 Apr-June 0124 162
May-June  0.024 0.53 P ' '
July-Aug 0.0177 0124 July-Sep 0.060 0.31
Sep-Oct 0.0131 0.194 Oct-Dec 0.088 076
Nov-Dec 0.0088 0.23 ’ ’

1989 20103 x:0.27 1989 2031 x:0.66
{380 mm) (weighted mean) (463 mn) (weighted mean)
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Table 4.2.2.1 A. Cestum-137 in preciputation in Denmark in 1988. (Unit: Bq m-3)

Location mm Jan-Feb March-Aprii May-June July-Aug Sept-Cct Nov-Dec  Weighted
m2an
Tylstrup 832 37 7.6 10.9 3.7 40 3.2A 49
Kale 616 89 22 38 20 6.9 74 153
Borris 1009 16A 33A 174 31 23 19A 33
Askov 1059 28 39 56 21 16.2 85 35
St. Jyndevad 983 127 21 30 128 6.4 78 138
Aarslev 566 49 53 44 171 195 21 30
Tystofte 502 43A 10.6 36 23A 44A 298 43
Ledreborg 577 132 26 66 16.1 130 7.9 16.0
Abed 575 16.0 27 60 31 16.2 14.4 24
Tombygaard 579 149 32 K1 128 94 10.6 155
Weighted
mean - 132 23 34 132 96 18.7 16.3
X:mm 730 162 82 72 178 143 93

Table 4.2.2.1.B. Cesium-137 in precipitation in Denmark in 1989. (Unit: Bq m-3)

Location mm Jan-Feb March-Aprii  May-June July-Aug Sept-Dec Weighted
mean
Tylstrup 580 168 168 35A 34A 13A 1.95
Kale 473 55A 16A 55A 31A 12A 26
Borris 716 20A 1.76 33A 258 22 22
Askov 634 23 154 28 26 15.0 193
St. Jyndevad 636 13.3 96 136 9.7 80 100
Aarslev 516 32 49 B.2A 19A 1.2A 5.6
Tystofte 434 488 31A 678 188 34 33
Ledreborg 444 22 7.6 104 54 59 7.2
Abed 475 141 6.0 358 1.2A 30A 35
Tombygaard 457 143 13.2 134 34 6.3 7.7
Weighted
mean - 11.8 6.6 101 48 48 6.6
X :mm 535 66 102 54 118 197
Neksoe 550 58A 6.8 124 27 A 3.1 4.36

48 Riso-R-570



Table 4.2.2.2.A. Cestum-137 deposition with precipitation in Denmark in 1988.

(Unit: Bg m-2)

Location mm Jan-Feb March-April May-June July-Aug Sept-Oct Nov-Dec 1988
Tylstrup 831 072 0.62 0.96 0.81 0.59 032A 40
Kalo 617 152 1.87 20 28 0.66 0.55 94
Borris 1009 034A 047 A 0.98 0.79 0.49 0.23A 33
Askov 1059 S0 5.6 6.3 5.6 37 108 37
St.Jyndevad 983 28 23 3.2 31 1.23 0.89 135
Aarslev 565 4.1 35 31 27 23 1.42 171
Tystofte 503 0.49 0.56 031A 024A (042A 0158B 22
Ledreborg 577 22 0.98 1.73 20 1.48 0.85 93
Abed 576 24 1.55 35 35 1.72 1.33 139
Tombygaard 580 2.0 1.37 1.76 1.95 1.12 0.80 90
Geometric
mean - 1.59 1.40 1.82 1.76 1.09 0.77 88
Arithmetic
mean 730 21 1.88 24 24 1.37 1.74 1188
Table 4.2.2.2.B. Cesium-137 deposition with precipitation in Denmark in 1989.
(Unit: Bg m-?)
Location mm Jan-Feb March-Aprii  May-June July-Aug Sept-Dec 1989
Tylstrup 580 0178 0208 0.25A 024A 027A 1.13
Kale 473 0.28A 0178 0.32A 0.26 A 0.20A 1.22
Borris 716 0.25A 0.24 0.23A 0198 0.68 1.59
Askov 634 25 23 2.03 1.80 35 12.2
St. Jyndevad 636 1.18 1.25 097 1.16 1.81 6.4
Aarslev 516 1.65 0.43 0.32 0.23 0.27A 29
Tystofte 434 0178 0.18A 0.32 V.27 0.46 1.41
Ledreborg 444 049 052 0.38 083 0.96 32
Abed 475 044 0.44 0139 0.22 0.42 1.66
Tornbygaard 457 0.58 0.98 0.49 051 097 35
Geometric
mean - 0.51 0.46 0.40 0.4 064 26
Arithmetic
mean 535 0.78 0.68 0.54 057 0.96 35
Nekso 550 O0.27A 0.46 0.52 044 A 072 2.40
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Table 4.2.2.3 A. Analysis of variance of In Bq 37Cs m-3 precipitation,
January-December 1988 (from Table 4.2.2.1 A)

Variation SSD f s? v P

Between months 11.924 5 2385 14313 > 99.95%
Betweenlocations 39222 9 4358 26157 > 99.95%
Remainder 7497 45 0167

Table 4.2.2.4_A. Analysts of variance of in Bq 137Cs m-2 precipitation,
January-December 1988 (from Table 4.2.2.2.A)

Variation SSD f s? v P

Betweenmonths 5476 S 1095 9701 > 99.95%
Betweenlocations 40.295 9 4477 39658 > 99.95%
Remainder 5080 45 0.113

Table 4.2.2.3.B. Analysis of variance of In Bg 137Cs m-3 precipitation,
January-December 1989 (from Table 4.2.2.1.B)

Variation SSD f 52 v P

Betweenmonths 7.263 4 1.816 6315 > 995 %
Betweenlocations 27635 9 3071 10678 > 99.95%
Remainder 10352 36 0.288

Table 4.2.2.4.B. Analysis of vaniance of In Bq 137Cs m-2 precipitation,
Fanuary-December 1989 (from Table 4.2.2.2.B)

Variation SSD f s? v P

Betweenmonths 1436 4 0359 2.220 -
Between locations 28.956 9 3.217 19888 > 99.95%
Remainder 5824 36 0.162
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Table 4.2.2.5 A. Radiocesium in precipitation collected in the 10 m’ ion exchanger

at Risp in 1988
Month Bq 137Cs Bq'3’Cs 134Cs mm Theoretica!
m-2 m-3 137Cs precipitation '34Cs/137Cs ratio
Jan 0.30 34 0.29 86 0.32
Feb 0.186 40 0.36 46 0.31
March 0.182 50 0.25 37 030
April 0.26 193 0.26 132 0.30
May 0.23 85 0.32 27 0.29
June 0.24 16.0 0.28 149 0.28
July 0.38 42 0.28 90 0.27
Aug 0.21 7.8 0.25 27 0.27
Sept 0.153 25 0.26 60 0.26
Oct 0.188 38 0.21 50 0.25
Nov 0.135 48 0.25 28 0.25
Dec 01N 35 0.23 48 0.24
1988 226 x:50 36528
{weighted mean) )
134/137 Obs
134137 Pred =097=010S.D. 003SE. (n=12)

Table 4.2.2.5.B. Radiocesium in precipitation collected in the 10 m® ion exchanger

at Risp in 1989

Month Bq13’Cs Bq '37Cs 134Cs mm Theoretical
m-2 m-3 137Cs precipitation  '34Cs/'37Cs ratio

Jan 0.132 23 0.25 57 0.23
Feb 0.167 94 0.26 17.7 0.23
March 0.107 3.1 0.32 34 0.22
April 0.161 5.7 0.24 28 0.22
May 0.104 79 0.188 13.2 0.1
June 0.129 39 0.21 33 0.1
July 0.194 48 0.181 40 0.20
Aug 0.145 1.41 0.21 103 0.196
Sept 0.098 58 0.109 A 16.8 0.191
Oct 0.144 28 0.173 51 0.186
Nov 0.054 4.7 0.152 A 1.7 0.181
Dec 0.109 41 0.152 A 26 0.176
1989 154 x:41 2 381

(weighted mean)

134/137 Obs

1347737 Theor 099z 021SD. 0.06SE. (n=12)
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Table 4.2.3 A. Tnittum = precipuation collected at Riso in 1988

1 m? rain coliector

10 m? rain collector

Month mm
precipitation kBgqm-3 kBqm-2 kBqm-3 kBqm-2
Jan 86 22=03 0187 36=06 0.31
Feb 46 43=05 0.200 34=01 0.155
March 37 59209 022 15=01 0.055
April 13.2 27 226 036 145=0.2 0.192
May 27 31+00 0083 1.7+05 0.047
June 149 7.2=03 0108 66=02 0.098
July 90 23202 o 29+02 0.26
Aug 27 25202 0.068 28=08 0.076
Sept 60 204=14 122 37+01 0.22
Oct 50 1.5=00 0.07% 1.1=02 0.055
Nov 28 23202 0064 1.2=01 0.034
Dec 48 36=01 0173 31+04> 0.149
1988 528 x:56 230 x:3.1 2165
{(weighted mean) (weighted mean)

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

-Table 4.2.3.B. Tririum in precipisation collected at Rise in 1989

1 m? rain collector

10 m? rain coliector

Month mm
precipitation kBgqm-3 kBqm-¢ kBgm-3 kBgm-2

Jan 57 57200 0.034 182=C7 0.09
Feb 177 32204 0057 26=02 ©CJ3%0
March 34 4400 015 55208 032
April 28 50=03 0139 74=03 021
May 132 38202 0.049 60=00 0077
June 33 48=x00 0157 57=05 0.188
July 40 6.0=00 024 21 =08 085
Aug 103 51=05 052 55=05 057
Sept 168 79205 0134 11.7=02 0199
Oct 51 35200 0177 55=00 028
Nov 1.7 40=01 0048 56=00 0.068
Dec 26 16205 0043 19502 05
1989 X380 x:46 X175 x:90 334

(weighted mean)

(weighted mean)

The error term is 1 S.E. of the mean of double determinations.
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Tabie 4.2.4 A. Tnnum in precipisanion collected in Denmeark m 1988.
(Umit: kBq m-3)

Date Tyistrup Jyndevad Tornbygaard
January 25=03" 21=03 22+03
February 18201 15=01 32201
March 22200 19=01 24=00
April 29=01 43+=00 35+01
May 37202 25+02 46+03
June 41201 - 40=01
July 28=01 24=03 3.6=01
August 29=00 26=01 35=02
September 17=03 16=01 25=02
October 1.7+02 1.7+=00 27+03
November 18=0.1 20=06 34=+01
December 15201 - 25+01

1988: Geometnic
mean 24 22 31

1988: Anthmetic
mean 25 23 3.2

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

Table 4.2 4.B. Tritium in precipitation collected in Denmark tn 1989.
(Unit: kBg m-3)

Date Tyistrup Jyndevad Tornbygaard
January 15203 24=00 28=02
February 1.7=01 1.7=04 23=01
March 1.7201 15202 21201
Apni 28=0.2 33=05 34+03
May 28=02 25=00" -
June 3.7=01 29=04 3.0=05
July 30200 27=03 28203
August 2401 21:-02 30=04
September 23=0.2 24+=03 25=01
October 14=0.1 1.4=02 22=01
November - 15201 24203
December 16202 16=01 1.8+02
1989: Geometric

mean 22 21 25

1989: Arithmetic
mean 23 2.2 26

The errortermis 1 S.E. of the mean of triple determinations.
*The error term is 1 S.E. of the mean of double determina-
tions.
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Table 4.2.5. Precipiiation collected by the waterworks of Odense in 1963-1976

Date Bq'3’Csm3  kBq3Hm-3 Measured*
Bq 90Sr m-3
Sep 2. 1963 450 300 =2 760
June 1, 1964 1120 250 =3 1400
Feb 1, 1965 650 53 =1 330
Oct 1, 1965 360 46 =6 140
March 1, 1968 81 11605 70
Oct 1, 1968 1M 17.9=01 35
Dec 2, 1968 156 13905 19
Sep 1, 1969 137 19.6+0.1 84
Aug 1, 1970 85 137210 100
Aug 1, 1971 120 146+x04 120
Sep 1, 1972 69 17.9+06 17
Aug 1, 1973 97 155+0.2 4.4
Oct 1, 1974 39 80=+05 20
Sep 1, 1975 89 5.0+02 18
Nov 1, 1976 40 9.0=0.1 8

*Blangstedgard, Funen'! (mean of neighbouring months).
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Table 4.3.1.A. Radionuclides in ground water collected in 1988

Location Date Bq¥Srm-3 kgCam-3 kBqg3Hm-3
Hvidsten March 0.056 0.078 0.6+01
Feldbak March 56 0.032 24+01
Remo March 0.054 A 0.033 0.6x01
Kiemensker May 0.047 A 0.024 0600
Robbedale  May 0.119 0.0122 06=+04
Hasselo March 0.059 0.135 04201
Faretofte March 0124 A 0139 50+00
Kalundborg  March 1.37 0.087 3.0+01
Ravnholt March 0.07% A 0.143 4100
Fredericia March 0.29 0.072 21+00
Geometric mean 0.116* 0.058 1.3
Arithmetic mean 024 * 0.076 1.9
Median 0.099 0.075 1.4

A sample of ground water from Maglekilde in Roskilde contained
1.62 Bq99Srm-3,4.8+0.1 kBq 3H m-3, and 0.22 kg Ca m-3.

*Feldbak was not included in the geometric and arithmetic

means.

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

Table 4.3.1.B. Radionuclides in ground water collected in 1989

Location Date Bg9Srm-3 kgCam-3 kBg3Hm-3
Hvidsten March 0.0128B 0.067 1.0+0.2
Feldbak March 47 0.030 2001
Romo March 0.087A 0.034 05+0.1
Kiemensker May 0.0158B 0.029 05201
Robbedale  May 0.033A 0.0152 04+0.2
Hasselo March 0.035 0.063 0401
Faretofte March 0.024 A 0.061 2503
Kalundborg  March 0.34 0.088 2401
Ravnholt March 0.093 0.137 4106
Fredericia March 0.45 0.074 1.8+20.3
Geometric mean 0.057* 0.050 1.1
Arithmetic mean 0.122* 0.060 1.6
Median 0.061 0.062 1.4

A sample of ground water from Maglekilde in Roskilde contained
1.33Bq 920Srm-3,3.5+0.7 kBq *H m-3, and 0.169 kg Ca m-3.

*Feldbak was not included in the geometric and arithmetic

means.

The errorterm is 1 S.E. of the mean of triple determinations.
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Table 4.3.2.1. A. Radiocesium in Danish stream water collecied in 1988

Stream Date Bg'37Csm-3 133Cs/137Cs
Bangsbo a Jan 20 22 A
Gudend March 15 29 043A
Skjern & Jan 21 31
Ribe & March 14 21
Odense & March 16 36 044 A
Susd March 18 20 054 A
Halsted 3 March 10 1.25
Laesa May 24 0508
1988: Geometric mean 1.92

S.E. {factor) 1.25
1988: Arithmetic mean 2.2

S.E. 16%

Table 4.3.2.1.B. Strontium-90, Cesium-137 and Tritium in Danish stream water
collected in March 1989

Stream Bq9%Srm-3 kgCam-3 Bg'3Csm-3 kBg3Hm-3
Bangsbo 3 10.2 0.052 1448 28=01
Guden & 54 0.037 30 A 21202
Skjern 8 93 0.034 140 A 22=01
Ribe & 5.1 0.035 1.978B 22=01
Odense & 46 0.092 26 A 21+03
Susa 48 0.084 1.658B 25=00
Halsted 8 45 0.107 0728 24+0.2
Laes a (May) 105 0.098 0.77B 3.1=0.1
1989: Geometric

mean 64 0.061 152 24

S.E. (factor) 1.14 1.19 1.20 1.05
1989: Arithimetic

mean 6.8 0.067 1.69 24

S.E. 14% 16% 17% 5%

The error term is 1 S.E. of the mean of triple determinations.
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Table 4.3.2.2.A. Radiocesium in Danish lake water collected in 1988

Lake Date Bg 137Cs m-3 134Cs/'<7Cs
Norsso Jan 21 13 0.38A
Mosso March 15 3.7
Flynderse March 16 126 029A
Hostrupseo March 9 121 035A
Arreskovso March 9 40A
Arreso March 8 16.3 034
Senderso July 10 109
Almindingen se May 24 23 0.33A
1988: Geometric mean 76

S.E. (factor) 1.29
1988: Arithmetic mean 92

S.E 20%

Table 4.3.2.2.B. Strontium-90 and Radiocesium in Danish lake water collected in

March 1989
Lake Bq¥Srm-3 kgCam-3 BQq'37Csm-3 7134Cs/137Cs kBg3Hm-3
Norsso 26 0.052 9.8 022 A 22=01
Mosso 6.1 0.080 1.94A 24+02
Flynderso 40 0.048 76 0.155 A 22=01
Hostrupso 19.7 0.040 128 0.1°9 23=02
Arreskovso 116 0.073 42 22=+03
Arreso 1.7 0.076 14.2 0.23 25+04
Senderso 122 0.083 97 022 A 24=+01
Almindingen se (May) 21 0.034 1.40 31=02
1989: Geometric
mean 120 0.058 59 24
S.E. (factor) 1.25 113 1.36 1.04
1989: Arithmetic
mean 14.0 0.061 77 24
SE 19% 1% 22% 4.4%
The errortermis 1 S.E. of the mean of triple determinations.
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Table 4.3.3.1.B. Strontium-90, Cesium-137 and Tritium in drinking water collected
in June 1989

Zone Bg9Srm-3 kgCam-3 Bq'3’Cs m-3 kBq*Hm-3
I: N. Jutiand 0.66 0.076 26=+02
Il:  E.Jutland 0.058 A 0.090 0.116 21+00
l:  W. Jutland 1.19 0.059 ’ 14=04
IV: S.Jutland 0.042 0.092 1.5+00
V: Funen 0.123 0.111 18+0.2
VI:  Zealand 0.080 0.102 0.094° 19+01
ViH: Lolland-Falster 0.067 A 0.093 ’ 09+03
Viil: Bornholm 0.40 0.088 18+00
Geometric mean 0.165 0.088 0.105 17
Arithmetic mean 033 0.089 0.105 18
Median of zones 0.107 0.091 1.8
Copenhagen 025 0123 19+05

*including Copenhagen

The error termis 1 S.E. of the mean of triple determinations.
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Fig. 4.3.2.2. Strontium-90 concentranions (=1 S.E.) in 8 Danish streams and 8
Danish lakes, collecied since 1971.

Fig. 4.4.1. Strontium-90 in surface sea water from inner Danish waters, 1962-1989.
(1S8.D. indicated) (from Tables 4.4.1.A and B and 4.4.2 A and B).
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Table 4.4.1 A. Radionuclides in sea water collected around Zealand in 3{ay 1988

Locarnn Dare Positon Deprh %S, ¥Cs PR n Saimty Che:achy:
n May N E nm 8qm-3 Bgm-3 ¥ Cs 8gm-? %o Bg i Cser 3
Kulien 23 5615 1225 2 80 024 154 85
- 20 132 41 0136 336 20
Hesse 0 23 55°10° 11°4T 2 79 024 39=-05 129 67
- 22 94 41 0097 16=02 337 183
Kattegat SV 30 5607 1110 2 184 79 025 140 70
- 37 39 0094 332 132
Asnaes rev 29 55°30° 10°46 2 92 026 19 86
T 30 a 0123 320 179
Haishov rev 29 55'23° 11703 2 196 9 026 57207 102 66
i B 25 50 0179 30=02 235 32
Lanceanc bat 2 54'52° 1050 2 99 026 88 93
- : 2 52 0179 279 33
Femern L't 29 54°36° 11°04 2 102 c.8 88 100
° B 25 76 024 177 66
Gedser odde 26 54°28° 11°59 2 104 028 78 104
- 17 96 026 109 £9
Moen 26 54’57 124V 2 105 029 57=-02 77 11
° 23 98 029 58=03 90 100
The Scurd - Scuth re] 5528 12737 201 109 029 77 [R8
o7 - 12 97 026 98 93
The Soung - North A 24 55°48° 12745 2 109 029 84 114
T - 18 43 0127 ns 20
The Sound -North B 24 55'650° 12°42 2 92 026 14 86
o7 . 26 39 0118 33 164
Mean Surface 194 5 027 51 106 ai
SO 09 11 002 10 29 17
SE 05 k] 001 06 08 )
Mean Botiom 113 59 0175 35 252 43
sSD 27 25 007 21 102 34
SE 19 7 002 12 29 10

The errorterm 15 1 S E. of the mean of double determinations

Rise-R-570
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Table 4.4.1 B. Radionuclides in sea :vater collected around Zealand in May 1989

Locaton Date Pogsinian Depth 0S¢ 137Cs RCy ¥Tc Sahn:ty Chermnoty!
n May N 3 inm 8gm-) Bqm-3 13°Cs Bgm-?} Yoo 8g'¥Csm?
Kuilen 20 5615 12'2% 2 77 o 679 122 ]
- 20 25 00528 333 628
Hesselo 20 86100 137 2 69 C167 168 55
- 22 26 BOL 143 330 BDL
Kattegat SW 17 56’07 11107 2 173 69 0185 163 61
- 36 26 00608 1.58 330 738
Asnas rev 17 55'40° 10°46° 2 125 72 0184 16.2 €3
° T 22 26 010¢A 20 n7 129A
Haiskov rev 17 5523 11°03° 2 162 80 022 146 81
- - 2 123 33 0104 A 08 16 34
Langeland baeit 18 54°52° 10°50° 2 88 0197 11 82
- . 32 130 184 0185 86 13%
Femern bait 18 5436 11°:04 2 89 020 109 85
- T 24 136 61 0180 129 52
Gedser odde 18 54728 1189 2 94 0199 85 88
- - 15 167 90 020 204 84
Meen 18 54°57" 12:4V’ 2 170 95 o 88 %5
- i 89 0199 13 84
The Sound - South 19 5525 1237 2 a3 02 97 88
- - 1 160 a7 on 17 83
The Sound - North A 20 55°48° 12°44 2 100 ox 92 10%
- - - 17 112 37 0121 299 n
The Sound - North 8 20 55°59° 1242 2 92 027 106 91
T " 27 25 00844 334 a7a
Mean Surtace 158 85 0139 c79 121 83
SO 22 1 0015 31 14
SE 1.1 3 0004 09 4
Mean Botrom 135 45 0138 167 258 36
SD. 24 28 0058 030 91 a3
SE 10 8 0017 017 26 10
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Table 4.4.2.A. Radionuchdes in sea water collected around Zealand in November-December 1988

Locatron Date Pos:tion Depth XS 1Cs 13Cs ™ Sahnmity Cherzooy
N E nm Bqm?3 Bqm-l Cs WBgm? e Ba (s
Kuilen Nov30 5615 12725 2 51 020 228 2
- 22 51 0185 287 38
Hesselo Nov30 S6°10° 1147 2 49 023 24=-01 252 22
- 24 67 37 o115t 19-01 306 23
Kattegat SW Dec8 5607 11110 2 64 020 208 53
- 27 43 0176 276 »n
Asnas rev Dec? 5539 1046 2 60 0192 28 48
- - 24 57 020 21 47
Haiskov rev Dec7 5523 1103 2 151 64 024 45-05 189 63
- - 22 65 0182 33-03 206 33
Langeiand baeit Dec7 5452 10°50° 2 75 o 173 €3
- - 17
Femern balt Dec?7 5436 11°04 2 76 022 160 63
- - 27 67 020 192 S
Gedser odde Dec? 5428 1159 2 85 o 114 73
- - 17 76 o 172 67
Moen Dec6 5457 12°4Y 2 172 9% 025 41-04 98 96
- 22 94 023 51=01 98 88
The Sound - South Dec6 5525 12736 2 9 024 91 35
- T - 12 9 c23 92 g3
The Sound -North A Nov30 5548 12°44 2 66 o 189 3?7
- - 20 120 55 0176 25 40
TheSound-NorthB  Nov30 5559 12742 2 54 0178 235 4c
T - 29 5t 030 253 33
Mean Surface 162 70 021 37 i§1 €2
SD. 15 16 002 11 56 0
SE 10 5 001 06 16 6
Mean Bottom 94 63 0194 35 210 52
SD. 37 19 002 16 68 22
SE 26 6 001 09 21 7

The error term s 1 S E of the mean of double determinations
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Fig. 4.4.2. Cesium-137 in surface and bottom water collected in inner Danish waters

1972-1989.
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Table 4.4.2.B. Radwnuclides in sea water collecte 1 around Zealand in November 1989

Locaton Date Pos:von Cepn »S 'ICs ] Sanny Chermaty
I N £ wm Bam 3 Bem-? 1¥Cs Yos 83 7 Cym 3
No.e—=ner
Kulign 17 %1% 12729 2 185 65 0178 7T 65
h Al 139 2 0153 252 36
Hesse:o i3 610 n 4T 2 55 0149 a2 19
- 22 2 00228 332 268
Kamegat SW 13 %6°C7 1110 2 74 0165 175 67
- k4 23 oy e 150
Asnps rex 13 5539 10°26 2 67 0172 176 83
. 32 > 01284 20 175A
Haishov rev 13 8523 1133 2 1%9 70 0187 152 72
- - rii &0 ¢ 122 278 27
Langeanc ot 14 54'52° 10 50 2 74 e 143 3
- N 29 7 Q131 84 27
Femem tait 14 5436 1104 2 173 73 o170 140 69
- - 2 13C 5t 0155 24 44
Gecser oace 14 5428 1159 2 82 cmn thins 79
- - 16 n G182 139 71
Moen 14 5487 12-47 2 100 0178 88 98
- n 93 om 82 88
The Scung - Scuth 6 5525 1237 2 9: c178 166 83
. - 13 84 €77 9 82
The Souna - North A 17 5548 1244 2 80 0159 121 70
T - V7 68 0 1a7 173 55
The Sound-Nonth 8 17 55°S9 12 42 2 78 0176 ¥ b3
-7 ) 28 24 ¢ 2s 14g
Mean Surface 159 76 ('R sl 145 72
SO 15 12 0010 37 13
SE 08 3 0003 T 4
Mean Bottom 120 48 0135 239 40
b)) 15 25 0043 89 28
SE i 7 0012 26 8
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Fig. 4.4.4. Percentage of Cs-137 from Chernobyl related to salinity in sea water
samples collected in inner Danish waters (figures in brackets collected in the North
Sea) in 1988 and 1989 (monthly samples from 6 stations).

Risg-R-570

69

40



Table 4.4.3. Radionuclides in sea water collected in the Dantsk Straits, North Sea, and Baltic Sea in 1988 and 1989

Location’ Year Date Position Oepth  ¥5r %T¢ 137Cs 13Cs  Chernobyi i
cruise N EorW inm Bgm-3 Bgm-3 Bgm-? 137Cs 137Cs kBg m-3
8q m-3
Khntholm 1988 Jan13 54°57° 12°28'E 0 85 0.3 82
- "  Feb15 ” v 0 N 0.29 86
- March 14 " 0 92 0.30 91
" - Apt 14 " - 0 104 0.30 104
" " May17 " " 0 104 029 95
" “ Junel3 - 0 33 0.27 89
- " July 14 - " 0 97 0.26 91
- " Augl6 " " 0 97 0.25 N
- " Sep19 " 0 95 024 89
" " Octl4d " " 0 95 0.26 98
- " Nov1?7 " " 0 89 016 60
" - Dec17 " " 0 N 0.22 85
% Chernobyi: 94=9.n =12{=1S 2.}
Kiintholm 1989 Jan13 54°57" 12°28'E 0 89 020 76
" "  Feb16 " " 0 22 0.20 83
” " March 17 " " 0 94 0.2i 90
" " Apri4 " ’ 0 88 022 88
" " May13 ” " 0 79 0.20 76
" " Juneld " 0 96 0.190 88
" T July1?7 " " 0 84 0.190 79
- " Auglh " 0 81 019 79
" " Sep19 " " 0 89 0195 N
" " Oct19 " " 0 85 0179 82
" " Nov13 0 86 0.180 85
" "  Dec18 " " 0 92 0.166 87
% Chernoby): 95=5;,n =12{= 1S.D.)
Halskov 1988 Jan14 55°21° 11°07°E 0 68 0.24 50 32=05 17.0
" "  Feb16 " " 0 78 025 63 133
March 15 " 0 n 023 53 197
" " Apri13 " " 0 73 024 59 16.9
" " May17 ” 0 95 027 88 82
" " Juneld " “ 0 86 0.26 80 48=02 122
" T July1s ” " 0 87 0.24 76 50=00 118
" " Aug15 " " 0 82 025 77 35=01 138
. ”  Sep20 - " 0 62 0.23 54 216
- " Qct13 " " 0 7 021 58 178
" " Nov16 " " 0 70 o 61 35=01 19.2
" " Decd " " 0 66 0.20 56 198
% Chernobyl: 85=7.n=12(=1SD))
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Table 4.4.3. (continued)

Location/ Year Date Pesition Depth %S NTe 137Cs 13¥Ce  Chernobyl H Sairnity
cruise N EorW inm Bgm3 Bgm-d Bgm-3 137Cs 1ICs kdg m-3 %0
Bg m-3
Halskov 1989 Jan12 55°21° 11°07°t 0 65 0.20 56 198
- “ Feb15 " 0 64 0.196 55 176
March 16 0 81 022 79 1M1
- " Apr13 - - 0 72 0.196 65 103
- May 13 0 68 0.180 58 163
" June 13 " - 0 80 019 74 110
- July18 " 0 €66 0.185 61 {16.2)
" Aug 14 - 0 75 0.181 70 149
- Sep 18 " " 0 75 0.186 73 129
" Oct18 - - 0 64 0.132 45 198
" Nov 13 " 0 72 0173 68 159
" Dec 19 " 0 64 0.161 58 174
% Chernobyl: 90=7:n = 12(= 1S.D)
Klint 1988 Jan 14 55°58° 11°35°E 0 0.76 57 022 39 232
" " Feb16 " 0 079 63 0.22 43 186
" " March 15 " 0 042 66 0.26 56 190
" Apr13 0 067 76 0.25 64 141
- May 16 " 0 050 78 0.23 62 156
" June 14 0 0.4 81 024 69 154
" July 15 " - 0 085 76 0.22 61 141
- Aug 15 0 63 022 52 179
" Sep 20 0 046 73 022 62 181
" Oct13 0 064-0.04
Nov 16 0 063 61 0.194 48 211
Dec18 0 074 53 o221 46 230
% Chernobyl: 80=6:n=11{= 1S.D)}
Kiint 1989 Jan 12 55°58° 11°35°E 0 1.00 45 01N 33 243
" " Feb 15 " 0 0.69 46 0154 3 239
" March 16 0 1.00 64 0194 56 148
" Apri13 0 051 73 0169 57 141
May 12 0 065 75 019 67 154
" June 13 " 0 0.77 68 0192 63 157
July 18 0 1.00 79 019N 75 88
Aug 14 0 066 63 0170 55 174
" Sep 18 0 039 63 0168 56 174
" Oct18 0 051 58 0154 48 200
" Nov 13 0 048 61 0.157 53 196
" Dec 19 0 0.44 47 0136 36 238

% Chernobyl: 84=8.n = 12(= 1S.D)
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Table 4.4.3. (continued)

Location/ Year Date Position Depth %S 9Te 131Cs ‘3:Cs  Chernobyl
cruise N EorW inm Bgm-3 Bgm-3? B8qm-3 137Cs 137Cs
Bq m-3
Lund 1988 Jan13 5515 12°18°E 0 68 0.27 58
fishing "  Feb15s - 0 80 029 75
port “  March14 0 82 028 75
- " Apria - - 0 00397A 95 029 92
" " May 16 b " 0 96 028 92
- " June13 b " 0 105 026 97
- " July14 " 0 86 026 81
- " Augitb ~ - 0 92 026 90
" " Sep19 " - (¢} 84 0.2% 81
" " Oct14 " " 0 83 024 79
" " Novi17 " - 0 90 0.24 87
" " Dec17 " " 0 61 024 61
% Chernobyl: 95=4:n = 12(=1S.D)
Lung 1989 Jan13 5515 12°18°t 0 75 020 65
fishing " Feb 16 " 0 76 0.20 67
port " March17 " 0 79 020 7
" “  Aprid 0 69 0.20 64
" May13 " 0 76 o 75
" " June14 (¢] - B4 0.20 82
- " July17 0 82 0.196 80
" " Aug1h o 85 0167 72
- " Sep19 0 79 020 83
" " Oct19 0 89 0.180 86
" " Novi13 0 86 0182 87
" " Dec18 0 7? 0168 74
% Chernoby!l: 95=6.n =12{=1S0.)
Svenskehavn 1988 Jan17 55°05" 15°09°E 0 102 033 104
{Bornholm) " Feb14 " 0 104 029 98
"’ " March15 0 196 029 114
Apri17 0 106 028 100
May 15 0 114 028 111
" " Junel9 0 22 104 027 99
" " July17 0 106 028 107
" " Augl4 0 98 026 96
" “ Sepl8 o 106 0.23 92
" " Oct16 0 102 024 98
" " Nov19 0 100 023 93

% Chernobyl: 96=4;n = 11{=1SD)
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Table 4.4.3. (continued)

tocation/ Year Date Position Depth  ¥Sr ¢ 13 Cs 13%Cs  Chernobyi *ri 3airuty

cruise N EorW minm Bgm3 Bgm3? Bgm?d 137Cs 1¥Cs  kBgm-? %eo
Bqm-3
Svenskehavn 1989 Jan1 55°05° 15°09°t 0 96 0.22 91 79
{Bornhotm) " Feba " " 0 103 022 100 75
" " March§ 0 97 022 95 70
Apr2 " 0 92 023 95 §1
- " Mayl - - 0 98 0.21 97 78
" " Juned - - 0 0178A 92 021 94 80
i T July2 - - 0 95 0.20 95 80
: © Augi " " 0 98 0178 88 79
" " Sep3 0 N 0.189 85 79
" " Sep30 " " 0 90 0174 83 79
" " Oct 31 - B 0 100 0.189 103 78
" " Dec2 " " 0 19.0 N 0.179 N 77
% Chernobyl: 98=4.n = 12(=15.D)

Hesselo 1988 May23 5613 .2°05°E 2 77 025 67 145
" " May23 - N 24 37 0120 1556 336
- " Nov30 - " 2 54 0.185 41 242
" " Nov30 " " 24 47 0177 34 260
" " June?7 56°12° 11°42°E 2 186 75 0.24 65 41=01 157
1989 May9 56°12° 11743t 2 IA] 0187 62 168
" Oct30 - - 2 51 0.146 a1 231
May20 5613 12°05'E 2 0.52 59 0181 50 174
May 20 - " 22 22 0076 A 77A 328
Nov17 " " 2 60 0170 56 199
Nov17 " " 22 26 0.104 147 36
Laeso 1988 June8 57°18° 10°56'E 2 68 0.24 59 174
" " June8 57719 11°07'E 2 n 022 56 182
" “  Dec16 " " 2 88 022 34 0151 2 304
1989 May11 57718 10°56°E 0 136 50 0.164 40 240
i " Novl " " 0 35 0125 24 319
May11 5719 1107t 2 079 49 0.164 38 226
Nov 2 §7 19 1108¢E 2 37 0126 25 272
Anholt 1988 June9 56°43 11°31E 2 16.5 76 0.24 65 152
" 1989 Nov3 " " 2 128 52 0.150 43 228
Men-Stevns 1988 May26  55°11° 12°37°E 2 12 0.30 114 44-04° 78
" " May26 " - 23 77 025 68 24=05%° 199
Dec6 55°11" 12°36°E 2z 99 023 96 88
Dec6 - " 23 90 022 83 108
" 1989 May19 " - 2 195 99 021 98 84
" " Mayl19 " " 22 94 0.20 90 112
Nov 14 " " 2 19.0 87 0168 81 93
Nov 14 " i 22 185 89 0172 85 99
Gedser-Mon 1988 May26  54°42° 12°21°E 2 104 0.28 100 85
” " May26 - i 16 186 86 026 76 135
Dec6 " " 2 96 022 89 101
Dec6 i " 16 88 022 82 114
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Table 4.4.3. (continued)

Location/ Year Date Fositran Cepth 5 ®|¢ WCs '34Cs  Cremoby! H Saknity
cruise N EorwWw inm Bgm3 Bgm-3 Bgmd n31Ce Cs kBg m-? Yoo
Bqm-3?
Gedser-Mon 1983 May 18 84°42° 1221E 2 175 96 0.21 94 97
- - May 18 - " 15 197 B4 0177 70 135
- : Nov 14 - - 2 95 0173 N 94
- * Novi4 - - 16 86 0177 84 94
Barseback 1988 May 25  55% 5 12°652°F 2 103 028 100 81
" - May 25 : - 11 a5 0143 22 21=01" 308
- " Dec1 - " 2 90 022 82 41=04 124
- " Dec " - 22 54 0188 41 35=01 242
- 1989 May 20 5546 1253t 2 96 0.20 92 93
- " May20 - - 18 28 0084 A 1A 315
" “  Nov17 - " 2 78 0172 74 ns
- - Nov 17 - - 22 33 0118 22 3:9
Ringhals 1988 June8 57°15° 12°04°E 2 20 60 024 52 76=01 192
- T June8 - - 14 41 0179 26 27=04 29€
- - Dec 15 57°18° 12°03°E 2 36 0143 22 276
- " Dec 15 - - 23 30 0127 159 318
" 1989 May 12 5715 12°03°E 2 63 0178 53 176
- T May12 " - 23 27 0.113A 143 A 323
" b Oct 3 57°15 12°04'E 2 49 0154 41 226
- " Oct3 " h 24 43 0135 )| 250
Ringhalsé 1988 Jan1 (57°16° 12°06'E) 0 5% 023 40 22=-04 240
{location 98) " Feb 1 - " 0 58 023 42 22=01 190
- - March 1 " - 0 48 on 33 27=02 265
" - March 21 - " 0 62 024 50 64=04 184
- " May2 " - 0 61 024 43 36=01 198
- T Junel " " 0 70 027 66 42-03 171
" " June 30 " - 0 69 024 61 22=05 171
- " Augl " " 0 63 o 54 38=03 184
- " Aug 3 0 63 0.21 50 42-0a 20
- " Sep 23 " " 0 56 0.188 41 231
- " Novl v 0 61 022 54 209
- Nov 30 - 0 a2 0181 3 40=03 g
% Chernobyl: 79=8.n = 12(=1S.D)
Ringhalsa 1689 Jan 2 (57°16° 12°06°E) 0 a4 0.170 31 236
{location 98) " Feb1 " " 0 56 0.191 46 206
- *  March1 " " 0 52 0172 40 209
" " March30 " " 0 49 0190 43 173
" " May1 - v 0 57 0.181 48 182
- " Junel " " (0} 63 0.769 51 179
" " June29 - " 0 64 0.186 58 181
” July 31 0 62 0.157 49 173
" Aug 31 0 56 0173 50 221
" “ Qct2 0 52 0.151 42 229
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Table 4.4.3. (continued)

Locaton/  Year Date Position Deptn %S¢ %Tc 137Cs *3Cs  Chernoby! H Sairuty
cruise N EorW inm Bqmd Bqm-3 Bgm-3 3Cs 137Cs kBg m-3 %00
8qm-3
Ringhaise 1989 Nov1 {57°16° 12°06°E) 0 46 0149 38 228
{location 98) “  Nov30 - - 0 35 0119 24 276
% Chernobyt §1=7.n=12(=1SD}
Skagerak/ 1988 Jan (8 57735 09°25E 0 21 23 0.159A 11.3A 306
Danat - Jan 28 57°30° 08°42°t 0 1.96 26 0126 103 327
NorthSea/ 1988 Feb 1 5414 08°00F 0 43 112  2136A 48A 321
Danai " Feb17 56°47° 07°08°E 0 059 41 0.155 20 343
North Sea/ 1988 April 17 59*11° 04°07E 0 44 0134 199 320
Dana 4 " Apni18 62°06° 00°25E 0 22 75 350
- - Aprit22 61°22° 06°33'W 0 34 74 022 A 53A 346
- - Apnii24 59°27° 00°01'W 0 0.186 342
- ©  Aprii25 58°33 04°00E 0 30 336
- T Apni25  58°217 (Q4°S9E 0 083 332
- " April2s 5758 06°32E 0 36 0.166 220 328
- © Apni2S 57739 0Q9°31E 0 0.89 35
North Sea/ 1988 May 15 55°22° 07°35E 0 27 126 023 99 332
Dana5 " May1s 55°41° 07°33¢ 0 133 25 01068 918 338
- - May 15 56°42° 07°35E 0 1.10 39 0098 A 131 A 340
" - May 15 54733 (07°42¢ 0 27 157 314
- - May 15 5416 07°36E 0 122 0.21 90 296
Skagerak/ 1988 May 15 57°10° 08°25°E 0 26 98 327
Dana 5 - May 15 57°47° 10°36E 0 1.15 42 0122A 176 A 290
Cattegat/ 1988 May15 57°14° 11°18E 0 147 28 0.134 131 24
Dana 5
Baltic Sea/ 1989 Feb 55°38° 19°59°E 0 97 0.22 92 76
Dana " Feb 5502° 13°42°E 0 96 022 0 87
North Sea/ 1989 Feb 20 57°43 05°12E 0 115 0122A 61A 229
Dana . Feb 2 56°57° 07°15E 0 27 0.056 A 67A 347
" - Feb 3 57°09° 0614t 0 134 01054 61A 350
- " Feb 3 56°33 06°53E 0 27 0058 A 67A 328
" " Feb 5 54*58° 08°03E 0 127 106 303
" - Feb 7 54°62° 07°12€ 0 118 0.092A 47 A 339
" " Febs 53°56° 05°21°E 0 28 0.067 A 81A 346
" " Feb8 54°14° (05°28°t 0 162 0079A 56A 347
- " Feb11 55°09° O00°17E 0 215 00548 518 349
- " Feb17 55*16° 06°36E 0 16.7 127 0100A 56A 341
" " Feb 17 55°20° 0713°E 0 107 0132A 61A 330
North Sea/ 1988 Jan 12 53°42° 06°00°E 0 53 340
Gauss " Jan12 54°14° 08°23E 0 31 264
" " Jan 12 54°15° 07°30°E 0 37 326
" Jan 13 58°00° 08°00°E 0 26 313
- Jan 13 55°00° 06°00°E 0 0935 344
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Table 4.4.3. (continued)

Location, Year UDate POSa0n Cepth MSr WT: ¥Cs ‘¥Ls  Chemcby! i Sa-
cruise N EorW inm Egm-3 B8gqm3? Bgqm3 13ls 1I7Cs kSqm-? LI
Bqm-?
North Sea’ 1988 Jan 1S 51°31° 03°00E 0 a4 323
Gauss - Jan1s 52°01° 04'00E 0 40 304
- T Jan 15 52°30° 04°0CE Q 53 3¢
- T Jar 16 53000 04°30E ] 48 36
- - Jan13 53'56° (07°24E 0 51 309
ChanneV 1988 Jan 16 81%02° 01'3V'E 0 a7 350
Gauss T Jan16  50'30° 00°COE o] 11 H
" T Jan17 5014 01'29W 0 038 B3I
- T Jan17 50'04° 04'09W O 0165 3H2
- T Jan20  51°00° 06'00W O 0094 32
Insh Sea’ 1988 Jan 21 5Z°'30° 06°00'W 0 0122 317
Gauss T Jan 22 54°30" 05 10W 0 30 338
" T Jan23 54°24° 03°4a6'W 0 28-15 312
- - Jan23 54'00° 04°00W 0 50 33§
- © Jan23 53°'30° 04°00W 0 22 337
- T Jan27 55°30° 06°30'W 0 25 337
North Sea/ 1988 Jan 28 58°00° 06°00W 0 082 34
Gauss T Jan30 58'45° 03°30W o] 071=01 346
- T Jandn 58°00° 01°59°E 0 048 a7
- " Feb2 57"37° 01:24'E 0 046 346
Borkumnff 1988 OQct2 53'48° 06 22E 0 178 s
{Lightship! - Oct 30 - - 0 33 34
- " Nov26 - - 0 40 335
" " Dec30 - - 0 44 336
- 1989 Jan 28 - - 0 168 3e
" " March? - - 0 164 34
- © March 31 " - 0 6 340
" T Apni 30 " - 0 23 338
- " Juned " - 0 20 328
" T June 27 - - 0 20 325
i July 28 " - 0 171 329
Aug 25 C g% €6
v - Oct3 : - 0 162 90
" "~ Nov3 - - 0 24 96
- " Decl - - 0 24 229
" " Dec 25 " " 0 1.90 229
Eibe 1988 Oct31  (54°00° 08°07°E) 0 22 28
(Lightship) " Nov29 " " 0 1.97 326
" 1989 March28 -~ - 0 28 307
- T May2 " - 0 21 82
" " Mayl16 " " 0 23 -
" T July10 " v 0 21 320
° " Sep3d - 0 134 175
" " Sep29 " - 0 135 79
" " Qct3 " - 0 158 32
" " Nov27 " - 0 180 9
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Table 4.4.3. (conninued)

wocaon,  Yes Caie Posieon Cepth WS: MTe FCs 13Cs  Chermobyt W Saknury
cruise N EorW inm Bgm3d Bqm3 Bgm?3 13°Cs '¥Cs kBgm-3 %o
dgm-3
St 413'DMU 1989 Feb 7 56°30° 12°07E 0 1.42 276
- - Feb 7 - b 25 142 3212
- © MNarchis - 5 060 184
. - March 15 - - 51 098 325
- T Aprd 25 - - 5 0.5% 16 6
- T Apni 25 - - 0 1.08 338
- © My - - 5 073 170
- T May 30 - - 40 096 341
- - July 11 - - 5 044 167
- T July 11 - - 40 079 36
- " Aug1s - - 5 045 161
- T Augls - - 35 075 KR
- T Sep19 - - 5 049 192
- - Sep 19 - - 40 051 327
- - Oct 10 - - 5 043 208
- © Oct10 - - 13 0.098 251
- " Nowv?7 - - 5 048 225
- - Nov 7 - - 37 03 335
St 925/OMU 198 Feb 14 5608 11"10E 5 078 237
- - Feb 14 - - 25 162 285
- " March14 - - 5 048 143
- “~  March 14 - - 38 1.09 291
- T Apnit 26 . - 5 034 139
- T Mayd " v 5 0.62 167
- " nay 31 - - 30 153 311
" T July 12 - " L) 046 158
- T July 12 - - 35 095 317
- T Aug 22 - - 5 070 186
- T Aug22 - - 30 oM 292
- " Ocam - v L) 052 217
" T Oan " " 30 057 298
- - Nov 9 - " 5 039 187
" " Nov9 " - N 038 324
$1.444/DMU 1989 Feb 16  55°00° 13°18°E ] 032 98
- " March13 " " 5 o021 82
- " April 28 - - 5 025 -
" " June2 - " 5 023 83
" T June2 " - 30 029 95
- " July10 - 7 5 0103 82
- T Aug 24 " " 5 025 84
: T Sept - - 5 039 83
" " QOct12 " - 0082 A 84
St 1013/DMU 1982 Feb § 57°37° 09°55E 5 1 323
St 1005/DMU 1983 Feb 8 57°48° 10°52°E 0 0097 A 37
$t1. 1004/DMU 1989 Feb 8 57°51" 09°34°E 5 060 340
St GF6/DMU 1989 feb 8 5§7°32 11°20E 20 153 326
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Table 4.4.3. (continued)

Locaton * Year Date Posiion Depth L) (1 *WCs IMCs  Chernoby! ] Sahnaty
Cruise N Eorw «m Bgm3 Bgm-3 B8gm?) iCs ICs kBgm-?d 250
Bgm-3
St. 905/ 0MU 1989 Feb 7 $7°12 11°480E 4 104 o
- * Feb? - - a0 1.11 332
St. 1019OMU 19689 Feb 9 57'08° 08°3t 5 21 X7
St. 1022/0MU 19689 Fen 9 56°39° 08°08¢c 5 23 299
St 1024/DMU 1969 Feb 9 5639 07°24°E 5 094 35
St. 1027/0MU 19689 Feb 3 26°39° 06*18°E 5 056 3a8
St 1041/0MU 1989 Feb 10 55'44° 08°00°t 5 25 292
St 1043 DMU 1989 Feb 10 5548 07°24°€ 5 24 s
St 1036DMU 1989 Feb 10 5544 0618t S 26 317
St. 10590OMU 1989 Feb 11 55000 08°16E S 079 279
St. 1061/0MU 1989 Feb 11 55007 07°36E 5 30 333
St. 1064/DMU 1989 Feb 11 55'00° 06°27°E 5 147 346
St 1131/DMU 1989 Feb 9 S7T19° 0830t 5 086 336
St. 105/OMU 1989 March7  5%°15° 1559E ) 0104 80
- - March 7 - - 80 054 148
Bolund 1988 Aug 17 55'42° 12°05E 0 49 0.193 35 118
- 1989 May 31 - - 0 46 0153 34 148
Riso 1389 Aug! 5542 12°05€ 0 52 spiked 152
The error term s 1 S E of the mean of doubie geterminationations
*Tnple determinations
ACEFg 3212
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Fig. 4.4.5. Technetium-99 in surface sea water collected in Janurry-February 1988.
(Unit: Bq m-3).
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Fig. 4.4.6. Technetium-99 in surface sea water collected in 1988. (Unit: Bq m-3).
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Fig. 4.4.7. Technetium-99 in surfoce sea water collected in January-February 1989.
(Unit: Bgm-3).
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Fig. 4.4.8. Technetium-99 in surface sea water yom the German Bight 1988-1989.
(Unit: Bg m-3),
Borkum Riff: 53°48’N, 06°22°E and Elbe I: 54°00°’N, 03°07’E.

Fig. 4.4.9. Technetium-99 in sea water collcuted in 1989. (Unit: Bg m-3).
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Fig. 4.4.10. Technetium-99 in sea water and Fucoids from the shore at Klint:
55°58°N, 1I°35°E in 1988-1989.

Fig. 4.5.1 Mean 137Cs deposition (glotal fallout only) (= 1 S.E.) in Danish
uncultivated soils (0-30 cm layer) collected at Tylstrup, Askov, St. Jyndevad, Ty-
stofte, Ledreborg and Abed in 1975, 1987 and 1989, compared with the theoretical
decay of 37Cs since 1975 (%2 = 30.5y).
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Table 4.5.1. Radiocesium in uncultivated soil collected in South-Futland Jctober,
18, 1988. (Unit: Bg m-2). (134Cs/137Cs)

I 1 s ——— Chernobyl 137Cs*
Location 05cm 05cm  0-10cm 1020cm 0-20cm 1 il T
0-5¢cm 05cm  @-10cm 10-20cm 0-20¢cm

Hokkerup untreated 3816 2605 4023 1470 5473 3599 2255 30N - 3031
{0.239) 0.220) 0191)
- treated 3825 2685 3588 1426 5014 3551 1628 2723 13 2836

(0.236) {0.154) 10193) 10.020}

Sender Vilstrup untreated 1507 1543 2135 745 2880 1052 1376 1439 - 1439
{0177} (0.226) 0171
- treated 1451 1501 2026 667 2693 1143 1243 1298 - 1298

0.200) (0210}  {0.163)

Gabo! untreated 2162 1972 4309 1382 6291 1675 1596 3366 257 A 3623
(0.197) {0.205} {0174} (0.047 A)
- treated 1894 1953 4604 1300 5904 1557 1475 3151 222 3373

{0.209) (0192) 0.174) 0.043)

Rangstrup untreated 1088 775 1763 1850 3613 812 544 A 800 749 15439
(0189} (0178A} (0115) {0103
h treated 997 732 1842 1865 3707 626 279 848 808 1656

(0.159) {0.096} 0117 0.110}

Styding untreated 2226 20Mm 2941 960 3901 2018 1778 2286 - 2286
{0.230) {0.224) (2.197)
- treated 2124 1905 2622 898 3520 1738 1549 1669 - 1869

(0.208)  (0.206) 10.181)

Mean untreated 2160 1781 3154 1281 4432 1831 1510 2184 201 2389
Refative S.D. untreated 48% 38% 42% 34% 32% 60% 42% 49% 162% 40%
Mean treated 2058 1755 2936 1231 4168 1723 1235 1478 229 2206
Relative S.O treated 52% 41% 39% 38% 31% 64% 45% 4% 147% 39%

*Calculated from 138Cs/ 37Cs assuming that this ratio was 0.55 in pure Chernaby! debris on Apni 26, 1986
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Fig. 4.5.2. Chernobyl 137Cs ( =1 S.E.) in Danish uncultivated soil collected at the 10
State expenimental farms 1986, 1987 and 1989, compared with the theoretical decay
of B7Cs since September 1986 (12 = 30.5 yr).
Fig. 4.5.3. The relative deposition of 37Cs (Bq m-?) in the 0-5 cm soil layer at
Nustrup in S-Jutland and Tdgerup in Zealand from global fallout and from Cher-
nobyl in 1989, as a function of disiance from the hedge. The distance is grven sn units
of the heighi of the hedge.
300
Nustrup  Nurstup  Tagerup  Téagerup
plobal fallout Chernobyl global fallout Cher
250 L —€— —A— lQ-ar - de--|

L]
()
g
)
2
® 150 |
o
~
(2]
- 100 |-
0
O ]

50 -

° A e A A A A A A A i e,
() 5 10 15 20

Distance from hedge

Risg-R-570) 85



.........

.....

Kolding

o(Gabel

Sender Vilst
Rangstrupe

Fig. 4.5.4. Special soil sampling :n South-Futland in 1988.

86

Risa-R-570



Table 4.5.2. Radiocesium n uncultiveted soil collected at the 10 State experimental
Jarms in Denmark in September 1989. (Unit: Bg m-2). (334Cs/37Cs)

T —— Chernobyl 137Cs* ————
Locaton 0-5¢m 510cm 10-20cm  20-30cm 0-30¢cm :
05cm 510cm 10-20¢cmr 0-20cm

Tyistrup 1200 1280 430 210 neo 388 388
(0 062)

Kalo 1800 1530 570 163 4050 921 608 981
{0 098) 10.007 B)

Borris 1130 1090 1310 1290 4820 615 367 9s2
{0 104) {0.064)

Askov 2100 2200 1920 1380 7650 1832 1632 579 4043
{0,167} {0138} {0 057}

St Jyndevad 1350 710 1130 720 3910 884 8s1
10 124)

Arsiey 1720 800 850 550 3920 1387 ac 1897
{0 154) 10.100)

Tystotte 1020 420 590 270 2290 685 655
(0.128)

Ledreborg 490 no 1260 790 3240 362 3004 162
10 142) {0.081 A}

Abed S60 1200 1650 330 3740 328A 329 657
{0712 A) 10052)

Tornbyglra 770 530 930 720 3010 348 346
{0 086)

Mean 1212 1051 1075 643 3981 775 3% 58 1144

Retatve S.O 44% 51% ar. 675~ 37% 65% 159¢, 96%:

*Ca'~ulated from ' 34Cs/'37Cs assuming that th:s ratio was 0 55 in pure Chernobyl debdns on April 26, 1986
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Table 4.5.3. Radiocestum in cultivated soil (0-5 cm) collected in 1989. (U'nit: Bg m-2) (134Cs/137Cs)

. Distance Height 137 3137 Chernobyl  Globa!
Location o edge cf hedge Date Cs Cs/13Cs 137Cs fallout
Nustrup 1 x height 6m Aprit13 4130 0201 3825 305
{Zone V) 6 x height - - 4560 0.200 4199 361

- 10 x height - - 2160 0.152 1511 649
- 15 x height " 1065 0.099 486 579
Tagerup 1 x height 7m February 13 640 0.076 212 428
{Zone VI) 6 x height - - 740 0074 237 503
- 10 x height = - 780 0.085 2N 489
- 15 x height " - 720 0.07% 236 484
Table 4.5.4. Strontium-90 in uncultivated soil from the 10 State sxperimental farms
in Denmark in August-September 1987. (Area: 0.04314 m?)
0-5cm 5-10cm 10-20 cm 20-30 cm 20-30cm
Bgkg! Bgm-2 Bgkg'Bgm-2Bgkg!Bgm-2Bgkg' Bgm-2 Bq m-2
dry dry dry drv
Tylstrup 4106 172:26 54 279 40 412 1.37 122 1010
Kale 45 178 48 25 3.1 300 1.72 222 a56
Borns 1.87 110 1.81 81 23 227 23 283 Tl
Askov 38 248 29 133 34 183 26 172 736
St. Jyndevad 1.53* g2* 0.80° 43* 0.33* 36* 031° 32* 193
Arslev 35 190 3.1 166 35 270 31 157 783
Tystofte 28 141 25 170 30 378 1.7 173 840
Ledreborg 25 147 22 138 24 2N 25 285 861
Abed 23202 90=10 27 113 3.7 192 29 180 584
Tornbygard 1.56 105 1.62 83 22 208 21 179 575
Anthmetic
mean 2.89 146 278 146 2.79 250 206 180 726
Relative S.D. 39% 36% 50% 52% 38% 43% 40% 43% 34%
Bolund 57 226 59 305 4.2 490 1.04 105 1126
*From Table 45.5.
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Table 4.5.5. Srontium-90 m xncultrvated soil from St. fyndevad and Skydebanen
in Dexmark in Apnl 1987

Depth St. Jyndevad Skydebanen Area
incm Bqkg! Bgqm-2 Bakg' Bgm-? m?
dry dry
05 1.53 82 28 121 0.0800
510 0.80 43 26 152 0.0800
10-15 033 175 32 195 0.0800
20 033 37 174 290 0.03456
30 0.29 28 35 610 0.03456
40 0.080 76 C¢.150 27 0.03456
50 0.050 46 0.03456
60 0043 A 42 0.03456
70 0.054 54 0.03456
80 0.035 35 0.03456
90 0.022 23 0.03456
100 0.024 25 0.03456
3 240 31400

Table 4.6.1 A. Radiocesium in marine sediments collected tin Roskilde Fjord on
August 17, 1988 at Bolund (55°42'N 12°0S’E). (Area: 0.0145 m?)

Layer 134Cs 137Cs Chernobyl  Chernoby!

incm Bgkg! Bgm-2 Bgkg' Bgm-? 137Cs 131Cs
dry dry Bgm-2 %

0-3 59 79 67 680 296 44

3-6 48 38 35 280 142 51

6-9 25 23 180 165 86 52

912 BDL. BD.L. 79 61 - 0

12-15 06A 42A 42 A 32A 16 A 50

X015 144 1220 540 44

Table 4.6.!.B. Radiocesium in marine sediments collected in Roskilde Fjord on
May 31, 1989 at Bolund (55°42°N 12°05°E). (Area: 0.0145 m?)

Layer 134Cs 137Cs Chernobyl Chernobyl

incm Bqkg!' Bgm-? Bqkg-! Bgm- 137Csg 137Cs
dry dry Bgm-2 %

0-3 51 31 55 330 148 45

3-6 24 19.1 38 300 91 30

6-9 1.36 7.3 27 140 35 25

912 BDL BD.L. 135 136 - 0

12185 BDL BDL. 26 44 - 0

20-15 57 950 274 29
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Table 4.6.2. Strontium-90 in marine sediments collected in Roskilde Frord
om May 7, 1987 at Bolund (S5*42°N 12°05’E). (Area: 0.0145 m’)

Layer %S¢

incm Bgkg-! dry Bgm-?
0-3 0.37 26
36 0.30 44
69 0.32 41
9-15 0.29 50
2015 16.1
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5. Danish Food and Various
Vegetation

by A. Aarkrog

5.1. Cows Milk

Dried milk from seven locations (Figure 5.1.1) was collected monthly and
analysed for %Sr (Tables 5.1.1. A & B) and for 37Cs (Tables 5.1.3.A & B). Since
1983 the ¥Sr concentrations in Danish milk have decayed with a halflife of 10
years; the global fallout 137Cs has shown a halflife of 6 years and that of
Chernobyl 137Cs of 1.1 years (1987-1989). Tables 5.1.5.A & B show that the
contribution of Chernobyl B’Cs in Danish milk decreased from 84% in 1988
to 74% in 1989 (in 1987 the percentage was 94).

Consumers milk was .ollected in June 1988, the mean ratio berween 137Cs in
fresh milk and that in dried milk (Table 5.1.3.A)was 1.24 =081 (=1S.D.;n =
7). Jutland showed higher levels in dried milk than in consumers milk
whereas it was opposite in the islands.

5.2. O*her Milk Products

Cheese was collected in 1988 and in 1989 and analysed for %Sr and !37Cs
(Table 5.2.2). The cheese levels (in particular B7Cs) were higher than the
corresponding country means in dried milk, probably because the cheese was
proc .ced of older milk and of milk preferentially coming from the western
par of the country.

5.3. Cereal Grain

Grain sa.aples collected at the 10 State experimental farms were as previously
analysed for %9Sr and 37Cs. Figures 5.3.1-5.3.4 show the %S¢ levels since
measurements began in 1959 and Figrres 5.3.5-5.3.8 show the corresponding
137Cs concentrations ‘or the period 1962-39. The effective halflife of %Sr in
Danish grain has been 11-15 years since 1983.

The B4Cs/M7Cs in grain (Tables 5.3.5.A & B) shows the contribution of
Chernobyl B7Cs in 1987: 78% of the total 37Cs in Danish grain came from
Chernobyl, in 1988: 81% and in 1989: 67%. The effective halflife of global
fallout of 137Cs has since 1983 been 12 year< (for oats 16 years) and that of
Chernobyl 137Cs has since 1987 been 5 years (shorter for barley and oats,
longer for wheat and rye).

The pred:ctions of the 37Cs levels in grain from 1988 and 1989 based upon
revised models, including root uptake are summarized in Appendix C, cf. also
Arnendix A. It appears that the observed values in 1985 .n general were lower
than thase predicted while the opposite was the case in 1989.

As has been suggested earlier (Aarkrog 1989) this may reflect that the resu-
spended 137Cs becomes increasingly more available as time goes by.
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5.4. Bread

The bread levels in 1988 as well as in 1989 were in general higher than
expected from Danish grain measurements (Tables 543 A & B). This may
suggest import of grain from areas in Europe which was more contaminated
by Chernobyl debris than Denmark.

5.S. Potatoes

The effective halflife of %Sr in potatoes in Denmark has since 1983 been
about 20 years, somewhat longer in the Islands than in Judand (cf. Figures
5.51-5.5.2). The ¥Cs concentrations have shown greater variability parly
due to the Chernobyl accident (Figures 5.5.3-5.5.4).

5.6. Vegetables and Fruit

Peas show 3-4 times higher 137Cs concentrations than cabbage and carrots.
The 137Cs levels in vegetables and fruit did not change significantly from 1988
to 1989.

5.7. Meat, Fish, Eggs and Various Vegetable Foodstuffs
5.7.1. Meat

During 1988 and 1989 82% of the 137Cs in Danish beef came from Chernobyl,
this activity decayed with an effective halflife of 3-4 years which is shorter
than that of global fallout. The 137Cs concentrations in perk were one third to
one half of those in beef.

5.7.2. Fish

Fish from the inner Danish waters contained 2-4 times more 37Cs than fish
from the North Sea. Fish from the Baltic Sea showed 3-4 times higher levels
than fish from the inner Danish waters. The 137Cs concentrations in 1989 were
lower than those in 1988 in fish from the North Sea, while no difference was
observed for fish from the inner Danish waters.

The contribution from Chernobyl s~ .be total }3’Cs concentration in fish
was 72% in the inner waters and 46%. .= «he North Sea in 1988 and 1989. Fish
from the Baltic Sea showed a percentag: of 91% in 1989.

Eels from a location in the Baltic Sea (Oscarshamn) has been meassured for
137Cs since the Chernobyl accident (Figure 5.7.2). The maximum was reacked
at the beginning of 1988.

5.7.3. Eggs

The %Sr concentrations in eggs in 1988 and 1989 were similar to those in 1987,
i.c. mean 2 0.01 Bq kg-l. The 137Cs Jevels were an order of magnitude higher.
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5.7.4. Various Vegetable Foods

The levels in rize, oats, banana, orange, coffee and tea in 1988 were similar
(within a factor of 2-3) 10 those observed at the last sampling in 1986; but
hazel nuts conuined far less B7Cs in 1988 (about two orders of magnitude
less).

5.8. Total Diet (Consumption Data)

The MSr intake with total Danish diet has since 1983 decreased with 2 halflife
corresponding 1o the radiological halflife of %51, ie. 28.5 years. The daily pro
capite intake of Ca with the Danish diet is now 117 g Ca corresponding to 428
g per year.

The global fallout 13°Cs in the diet (23% of the total *’Cs in 1988 and 1989)
decayed with an effective halflife of approx. 5 years whereas Chernobyl 37 s
(77%) decreased #'th 3 years halflife. The determination of the decay of the
global fatlour is sr.cumbered with unceruinties due to the contribution of
Sellafield radiocesium from fish consumption.

5.9. Total Diet (Production Data)

The %Sr intake with total diet caiculated from the concentrations in the
various diet constituents may be compared with the measured levels in total
diet (consumption data). In 1988 the production data were 0.14 Bq %Sr day-!
cap~! and the consumption figure was 0.16. In 1989 the data were 0.12 and 0.15,
respectively. The corresponding figures for 37Cs were in 1988 0.40 and 0.46,
respectively, and in 1989 0.34 and 0.33 Bq 137Cs day~! cap-], respectively.

5.0. Grass
5.10.1. Grass from Zealand

Strontium-90 in grass collected around Riso has since 1987 decayed with an
effective halflife of 5 years and ¥7Cs with about 1.5 years halflife. These
figures are based on monthly samples collected throughout the year.

5.10.2. Grass Collected Countrywide

Since September 1986 the 137Cs levels in grass collected during the summer
half year at the 10 State experimental farms has d=cayed with a halflife of a
litde less than 1 year.

5.11. Sea Plants
5.1L1. Sea Plants from Roskilde Fijord

The %S- concentrations have since 1987 decayed with a halflife of about 2
years and 37Cs with 2.5 years.

5.11.2, Sea Plants from Inner Danish Waters

An anova of the 137Cs data on Fucus samples collected monthly 1987-1989 at
Stroby Egede, Nysted, Mullerup/Reersg, Gilleleje/Nakkehoved and Klint
show no significant interactions between year, month and location. But the
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main effects are all highly significant. The maximum levels are occurring in
June. the levels in 1988 and 1989 are higher than those in 1987 and the
concentrations are higher in Fucus from the southern s:ations close to the
Baltic Sea (i.e. Stroby Egede and Nysted, than in the nor-hern Cattegat sis-
tions (Gilleleje and Klint).

The observed mean ratios between Bq kg~! d.w. Fucus and Bq 1! sea water
for 9Tc were 1.05-10° for Fucus vesiculosus and 0.88:105 for Fucus serratus
both sampled monthly at Klint in 1988 and 1989 (cf. also Fig. 4.4.10). In 1988
the relative variations of the ¥Tc concentrations in sea weed were two times
nigher in 1989 although the variation of the water concentrations was the
same for the two years. This may indicate a recall by the Fucus of higher
water concentrations of 9T¢ in 1987. The relative variation of the %Co con-
centrations in sea weed did not differ for the two years.

5.12. Lichen and Moss

In Fig. 5.12 five years observations of 13’Cs in Danish lichen are shown
(1986-1990). It appears that the environmental halflife of 137Cs varies between
1.5 and 4 years for the various locations. The halflife of the Chernobyl debris
was shorter than that of global fallout 137Cs.

5.13. Mushrooms from a Forest in NE-Zealand

In cooperation with the University of Roskilde a study of radiocesium in
mushrooms was carried out in September-October 1989. The samples were
collected from a spruce forest and a beech wood in Gribskov, NE-Zealand by
three students from the University, and the samples were analysed at Riso.
The results have been published in a Danish report from the University of
Roskilde (Roos et al. 1990).

The report concludes that for the same mushroom species and the same
deposition of fallout, the spruce forest showed higher levels than the beech
wood. Common yellow mussula is well suited as a bioindicator for radiocesi-
um. A significant part of the 13’Cs in mushrooms comes from global fallout,
es ‘ocially in the Loney fugus where 35-85% was old fallout. In common
yeaow nussula about 45% was global fallout, but in clouded agaric nearly all
137Cs was from Chernobyl. The environmental halflife of 137Cs in most mush-
rooms is apparently long. The observed ratio between the 37Cs concentra-
tions in the mushrooms and those in the upper 10 cm soil layer varied be-
tween 3 and 35 depending upon mushroom species and forest type. Chernobyl
radiocesium showed a higher (about 3 times) transfer than global fallout
cesium.
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Table 5. Geometric means of Stronttum-9¢ and Cesium-137 levels in Danish envi-

ronmental biological samples collected in 1988 and 1989

Strontium-90 Cesium-137

Sample type and unit

1988 1989 1988 1989
Countrywide dried milk, Bq 1-! fresh 0.060 0.056 0.196 0.133
Danish cheese, Bq kgt 0.41 0.44 0.135 0.153
Countrywide rye, Bq kg-! 032 028 0.13 0.093
Countrywide bariey, Bq kg! 0.33 0.34 0.082 0.052
Counuywide wheat, Bq kg-! 0.29 0.26 0.066 0.051
Countrvwide oats, Bq kg™! 0.40 0.57 0.195 0.164
Countrywide rye bread, Bq kg-! 027 020 0.24 0.25
Countrywide white bread, Bq kg! 0.125 0.109 0.088 0.036
Countrywide potatoes, Bq kg! 0.035 0.032 0.07¢ 0.078
Countrywide cabbage, Bq kg-! 0.23 021 0.034 0.027
Countrywide carrot, Bq kg! 0.28 0.17 0.026 0.033
Countrywide peas, Bq kg-! 0.13 0.14 0122 0.100
Countrywide apples, Bq kg! 0.037 0.017 0.053 0.058
Country intake T with diet, Bq day-! cap-! 0.161 0.150 046 033
Countrywide beef, Bq kg! 0.008 0.013 1.06 0.97
Counuywide pork, Bq kg-! 0.007* 0.001* 0.41 0.42*
Countrywide® plaice, Bq kg~! 0.018 0.020 26 1.3
Countrywide® herring, Bq kg! 0.0033 0.0040 2.2 1.6
Countrywide® cod, Bq kg! 0.018 0.0145 41 3.7
Countrywide grass, Bq kg-! fresh - - 0.28 0.18
tMean of June and December sampling
*Copenhagen samples only
*Mean of inner Danish water and North Sea samples.
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Table 5.1.1. A. Srontium-90 in dried milk in 1988. (Unit: By (kg Ca)™)

Month Hjorring Randers Videbazk Abenrd Nyborg Ringsted Nakskov Geometric Arithmeti
mean mean

Jan-Apnl 53 59 =1 66=6 76 =1 35=3 39=4 58 53 55

May-June 41=3 38 68 70 33 40 38 45 47

July-Oct 54=2 52 59 68 36 39 35 48 49

Nov-Dec 54=2 61=0 63=2 71=3 57 =1 44=~2 38=1 54 55

1988:

Geometric

mean® 51 53 64 71 38 40 43 50

1988:

Arithmetic

mean*® 51 53 64 71 39 40 44 52

*The data were ".veighted with the number of months when calculating the mean.

As 1 cubic meter of milk contains 1.2 kg Ca. the mean %95r content in Danish milk produced in 1988 was 62 Bg
m-3{or 0.062 Bq 2SrI-1).

Table 5.1.1.B. Strontium-90 in dried milk in 1989. (Unit: Bg (kg Ca)-!)

Month Hjerring Randers Videbaek Abenrs Nyborg Ringsted Nakskov Geometric Arithmetic
mean mean

Jan-April 56 36 62 62 31 45 37 48 50

May-June 51 51 63 63 34 48 32 a7 49

July-Sep 52 57 64 58 42 40 34 48 50

Oct-Dec 46 46 52 48 33 42 34 42 43

1983:

Geometric

mean® 51 53 60 57 34 43 35 46

1989:

Arithmetic

mean® 52 53 60 £8 35 43 35 48

*The data were weighted with the number of months when calculating the mean.

As 1 cubic meter of milk contains 1.2 kg Ca, the mean 20Sr content in Danish milk produced in 1989 was 58 Bq
m-3(or 0.058 Bq 90Sr |-1).
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Table S1.2.A. Analysic of variance of In Bq %St (kg Ca)-! in Dawish dried milk in
1988 (from Table 5.1.1.4)

Vaniation SSD f s? v P

Between months® 0.226 3 0075 2332 -
Between locations 1.904 6 0317 9824 > 9995%
Month x loc. 0581 18 0032 5427 > 9395 %
Remainder 0083 14 0006

*Jan-April. May-June. July-Oct, Nov-Dec.

Table 5.1.2.B. Analysis of variance of In Bq Sr (kg Ca)-! in Danishk dried milk in
1989 (from Table 5.1.1.B)

Variation SSD f s? v P

Between months® 0.083 3 0028 3.785 -
Between locations 1.300 6 0217 2959% > 99.95%
Month x loc. 0132 18 0.007

*Jan-April. May-June. July-Sep. Oct-Dec.

Table 5.1.2.A. Cesium-137 in Danish dried milk in 1988. (Unit: Bgq 13:Cs (kg

Ky

Month Hjorring Randers Videbak Abenrd Nyborg Ringsted Nakskov Geometric Arithmetic
mean mean

Jan 210 196 450 190 €9 74 27 125 174
Feb 260 260 290 590 168 38 29 155 230
March 115 211 {310) 230 88 63 33 118 151
April 91 600 560 240 89 89 K| 151 240
May 138 177 380 230 99 87 27 126 163
June 136 140 430 290 82 53 42 123 168
July 210 145 310 320 73 41 32 116 161
Aug 174 195 340 380 74 36 27 118 175
Sep 137 230 310 320 59 30 44 114 161
Oct 220 164 154 210 69 32 40 100 126
Nov 117 154 230 330 98 60 185 106 145
Dec &9 128 193 179 67 37 21 80 102
1988:
Geometric
mean 149 197 310 280 83 50 30 118
1988:
Arithmetic ‘
mean 158 220 330 290 86 53 3 167

As 1 cubic meter of milk contains approx. 1.66 kg K, the mean 137Cs content in Danish milk produced in 1988
was estimated at 280 Bg m-3(or 0.28 Bq '37Cs §-1).

Figures in brackets were calculated from VAR3 (Vestergaord 1964).
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Fig. 5.1.2. Predicted (curve) and observed %9Sr/Ca levels in dried milk jrom Den-
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Table S.1.3.B. Cestum-137 in Damish dried milk in 1989. (Umit: Bg 15°Cs (kg K)-))

Month Hiornng Randers Videbaet Abenrd Nyborg Ringsted Nakskov Geometnc Anthmei
mean mean

Jan 140 151 300 149 54 37 23 88 2

Feb 113 151 182 196 44 95 22 92 115

March 67 240 230 230 38 40 21 a 123

Apni 73 113 155 250 42 51 25 78 10

May 9 C 190 179 S9 9 24 77 97

June 86 197 240 191 57 56 22 92 121

July 137 290 200 173 S9 64 28 m 148

Aug 153 194 176 130 66 76 N 100 118

Sep a3 230 270 144 51 38 24 87 21

Oct n 9% 156 {107} 59 27 183 61 76

Nov 9 79 167 73 51 3 192 58 VA

Dec 59 76 164 43 73 4 185 55 67

1989:

Geometric

mean 93 144 200 141 54 46 23 80

1969:

Anthmetic

mean ag 159 210 155 55 49 23 107

As 1 cubic meter of milk contains approx 1.66 kg K. the mean 137Cs content in Danish milk produced in 1989
was estimated at 178 Bq m-3{or 0.178 Bq '37Cs i-').

“igures in brackets were calcuiated from VAR3 (Vestergaard 1964).

Table 5.1.4.A. Analysis of variance of In Bq 137Cs (kg K)-! in Danish dried milk in
1988 (from Tab.e 5.1.3.A) (milk year May 1988 - April 1989)

Variation SSD f s? v P

Betweenmonths 2363 11 0215 2575 > 99%
Between locations 53247 6 8874 106.398 > 99.95%
Remainder 5505 66 0.083

Table S.1.4.B. Analysis of variance of In Bg 137Cs (kg K)-! in Danish dried milk in
1989 (from Table 5.1.3.B) (milk year May 1989 - April 1990)

Variation SSD f s? V2 P

Between months 4.132 11 0376 4658 > 99.95%
Between locations 36817 6 6.136 76.088 > 99.95%
Remainder 5242 65 0.081
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Table 5.1.5_1. Radrwocestum: D4CspA3’Cs im Danish dried milk m 1988

Moath ~onng Randers Videbak Aben:d Nyborg Ringsted Nakskox Mean Theoret:cai
=150 "MLy ¥Cs
Jan c28 02 0 O3 02?7 O3 029 -032 032
feb €30 0 027 030 026 02 028 =002 03
March O 027 - 029 027 028 022 027 =003 030
Aprd €% 0% 029 28 022 02 025 =004 30
May on 02 027 027 oOxN 029 025 =003 029
Jne ON 024 025 026 027 025 02 025 =002 02
July on o 023 024 020 O 027 022 =002 027
Aug 023 o 024 023 0188 0197 022 =002 027
Sept 0176 0196 022 025 0177 015 Q165 0191-003 026
Oct 022 o7 020 025 0188 0152 021 =06 025
Now 022 o023 022 024 0193 0185 022 =002 025
Dec 0179 015 022 022 019 0110 0180=004 024
Observed s s . 084-006(1SD.N = 12)
Theoreuca: “3Cs/'YCs
Table 5.1.5.B. Radiocesium: 134Cs/137Cs in Danish dried milk in 1989
Morzh Hiornng Randers Videbak Abenrd Nyborg Ringsted Nakskov Mean Theorencal
=1SD "3 Cs”¥Cs
Jn 0190 020 0192 0183 0171 01478 0181=-002 023
Feb 0197 0194 0185 0197 0122A 02X 0183-003 0o
March 0173A 022 0189 01789 024 A 0148 0190-003 022
Apni  0147A 0187 0164 0195 O161A 01428 0170A 0167 =002 022
May 0147 0172 O0IN1 0185 0195 O161A 0172002 02
June 00938 0147 0168 0165 O0137A 0182A 0149-003 02
July O150A 0167 O0f49 0192 00988 0137A 0143-003 020
Aug 0134 0152A 0142 0.16t1 o118 0172 0.146=002 0196
Sepr 0O08B9A 0150 0742 OQI125A 0122A 01278 0126=002 0190
Oct  0132A 0159A 0146A 0109A 01598 0141 =002 0186
Nov 01228 0119A 07134 0115 O0177A 0133-003 0181
ODec 00098 O0C33A 0128 00878 010SA 00468 01498 0088-005 0176
Observed 1Cs/17Cs =0742009(1SD.N = 12)
Theoreucat 14Cs/'VCs
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Tabic 5.2.1 Radwcesinm in consumers mulk collecied in he 8 zonis and
Copenhagen in June 1988 (cf. Fig. 5.4.1;. (Theovetical 14CsA3°Cs: 0.28)

Location Bq ¥'Cs 8q 3’Cs 1HCs
{kg K)-! I 31Cs
[ North Jutiand 108 0.164 -
I EastJutiand 113 0.168 0.26
iH: WestJuttand 260 03 0.2%
V: South Jutland 230 0.36 025
V: Funen 240 035 -
VI: Zealand 82 0.120 0.28
Vii: Lolland-Falster 52 0083 0.27
v Bomholm 32 0.048 o
1968: Geometrnic mean 112 0.169 025
1988: Anthmetic mean 141 o J.2%
Copenhagen 70 0.109 0.25

Table 5.2 2. Smrontium-90 and rodiocesium in Danish cheese collected countrywide

in the 8 zomes m 1988 and 1989
Date Bq%Sr Bg%Sr Bg'3’Cs Bq'¥3Cs !#Cs  Theoretical
kg* (kgCal' kg (kgK)' TICs™ +34CsN137Cs
Dec 1988 0.41 56 0135 177 0188 A 0.24
June 1989 044 58 0153 198 - 021
Rise-R-570 103



Teble 5.3.1.A. Strontinm-90 in Danisk grain in 1989. {Unit: By kgl)

Location Aye A ! Oats Tnucale
Winter Spnag Winter Winter Spnng >pnng

Tyistrup 036 043 0.42 0.90 oSt

Kale on 035 027 0.30 044

Boms 031 049 042 o 0.86 067 033

Askov 078 05%3 049

St Jyndevad 0.50 0.60 0.38 o4

Funen 0.32 0.24 083 0.32 052

Tystohfie 0.20 025 032 0.116 0.3t 045

Ledreborg 025 038 033 042 0.46 027

Abed 0.184 0.115 0.114 0.154 0.762 0.168

Bornholm 045 023 022 0.082 025 0.152

1988:

Geometnc

mean 032 033 033 0.27 034 040 023

1988

Anthmetic

mean 0.36 0.36 0.38 033 039 043 0.24

Table 5.3.1.B. Strontium-90 in Danish grain in 1989. (Unit: Bg kg~!)

Location Rye Barley Wheat Oats
Winter Spn .g Win.er Winter Spring Spning

Jutiand 0.40 0.46 043 027 n.86 0.60

The'slands 0.20 027 027 0.090 021 054

1989:

Geometnc

mean 0.28 035 0.34 0.155 0.43 0.57

1989:

Anthmetic

mean 0.30 0.36 0.35 0178 0.54 057
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Table $.3.2 4. Seronnum-90 m Dowisk grai: iz 1988, (Unw: By (kg Co)-)

Bariey Wheat

Locaton Rye Oats Tnucale
Winter Spnng Winter Wenter Spang png

Tyistrup 1160 1400 900 1870 700

Kale €80 860 960 750 540

Borns 990 1290 930 1030 2200 850 969

Askov 2100 1250 1380

St Jyndevad 1550 1350 1400 630

Funen 710 660 1770 970 70C

Tystofte 600 630 800 449 1000 640

Ledreborg 610 1000 670 1320 1120 320

Abed S60 320 250 3% SA0 249

Bomhoim 1230 620 450 360 760 470

1988

Geometnc

mean 920 860 710 880 970 540 670

1988

Anthmetic

mean 1020 940 830 1010 1070 580 720

Table 5.3.2 B. Strontiur1-90 in Danish grain in 1989. (Unis: Bg (kg Ca)-')

Locauton Rye — Barley Wheat Oate
Winter Sonng Winie- wWinter Spring Spang

Jutiand 1150 1120 870 780 2100 760

The isiands 470 560 510 310 480 560

1989:

Geometnc

mean 740 790 670 490 990 650

1989:

Anthmetic

mean 810 840 690 550 1270 660
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Table 5.5.3_4. Anelyeis of vaviance of In By St kel in grain in 1988

(from Toble 5.3.1.4)
Varniation SO s? v P
Between species 0362 0121 0.96 -
Between locations 812 0.902 716 > 99.95%
Spec. x ioc. 315 25 0126 057 -
Remainder 289 13 0222

Table 5.3.4.A. Anelysis of varsance of In Bg *Sr (kg Ca) ' in grein in 1988

(from Tabie 5.3.2.A)
Vasiation SSO f s? v [
Between species 195 3 0650 7.09 > 99.5%
Between locations 733 9 0865 944 > 99.95%
Spec. x loc. 229 25 0092 064 -
Remainder 1857 13 0143

Table 5.3.3.B. Anelsis of vaviance of In Bq %St hg-! in grain in 1989

(from Tebie 5.3.1.B)
Vanation SSOD f s’ v P
Betweenspecies 0916 3 0305 1.368 -
Between locations 1.549 1 1549 6946 > 95%
Remainder
+ (spec x loc) 1558 7 0223

Toble $.3.4.B. Analysis of variance of In Bg %St (kg Ca)-! in grain m 1989

(from Toble 5.3.2.B)
Variation SSO f s? A P
Between species 0020 3 0.007 0.054 -
Between locations 1935 1 1935 15000 > 99%
Remainder
+(specxfoc) 0905 7 0129
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Fig. 5.3.1. Strontium-90 in :ye col!>cted in Denmark in 1959-1989.
(Unit: Bq kg -1).

Fig. £.3.2 Strontium-90 in barley collected in Denmark in 1959-1989.
(Unit: Bg kg -1).
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Fig. 5.3.3. Strontium-90 in wheat collected in Denmark in 1959-1989.
(Unit: Bq kg)).

Fig. 5.3.4. Strontium-90 in oats collected in Denmark in 1959-1989.

(Unit: Bq kg)).
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Table 5.3.5.A. Radiocesium in Danish grain in 1988. (Unit: Bq kg1)
Location Rye Barley Wheat QOats Trticale
Winter Spring Winter Winter Spring Spring
Tylistrup 0116 0.057 0080 01N 024
(018 A)
Kalo 0.143 029 0.080 0.063 049
(0.16 A} C12A)
Borns 0.108 0.122 0.075 0140 0130 028 0172
(0.28 A) (.21 B} (0.38) (0.148) {0.19A)
Askov 0.74 082 0198
(0.22) (0.22) (023 A)
St Jyndevad 0.26 0.40 022 1.02
{0.25 A) {0.25A) {0.11 A)
Funen 0.073 0.049 0.28 0.080 0.24
(0.28) (0.28 B) {(0.22)
Tystofte 0.033A 00348 0.050 00248 00228 0.084
Ledreborg 0.067 0.052 0.055 0050A 0126 0061
{0.22 B)
Abed 0.092 00348 0.033A 0025A 0027 A 005 A
{0.27 A)
Bornholm 0.22 00348 0036 A 0029A 0052 0061 A
(0.13)
1988:
Geometric
mean 0130 0.096 0.066 0073 0.057 0195 0102
1988.
Anthmetic
moan 0.186 0.189 0.087 0097 0.070 031 0117
In brackets the '34Cs/'37Cs are shown,
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Table 5.3.5.B. Radiocesium in Danish grain in 1989. (Unit: Bg kg™!)

Location Rye Barley Wheat Qats Trticate
Winter Spring Winter Winter Spring Spring
Tylstrup 0.142 0.058 0082 027
(0135 A) 0112y
Kale 0153 0.085 00268 001958 0136
Borris 0.120 0.145 0042A 0.139 0192 031 0127
{0.113 A) {0.068 A) {0.099 A) {0.144 A)
Askov 0.53 0.151 0131 027 051 039
(0.156) 10.555 A) (0.080 8) (0196} {0.151}
St. Jyndevad 0.24 0.165 0089 025 1.06
{0.125 A} (0.165) (0.118)
Funen 0.087 0.50 0.040A 0.30
{0.142) {0.140)
Tystofte 0.028B 00131 B 001548 0011 B 0027 A 0.060
Ledreborg  0.026 B 0027 A 0021 B 0039 A 0.084
Abed 0.01508 0024 A 0021 A 0036 A 0031 A
{0.122B)
Bornholm 0.024 A 00181 A 00258 0.01338 0026 A 0063 0035A
1989:
Geometric
mean 0.093 0.062 0042 0043 0.068 0164 0.066
1989:
Arithmetic
mean 0151 0117 0.054 0.087 0139 027 0.081
In brackets the 134Cs/137Cs are shown
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Table 5.3.6.A. Cesium-137 in Danisk grain in 1988. (Unit: Bq (kg K)-1)

Location Rye Barley Wheat Qats Tnticale
Winter Spring Winter Winter Spring Spring

Tylstrup 28 13.0 22 27 67

Kalo 33 69 20 16.1 134

Borris 26 31 23 40 34 85 36

Askov 189 198 52

St. Jyndevad 60 93 57 270

Funen 169 134 85 22 54

Tystofte 88A 858 13.2 648B 558 19.0

Ledreborg 17.3 125 135 142A a5 149

Abed 23 7.08 88A 57A 68A 13.2A

Bornhoim 44 6.08 93A 73A 115 121A

1988:

Geometric

mean K1 22 180 18.7 14.2 50 21

1988:

Arithmetic

mean 45 45 25 25 18.0 82 24
Table 5.3.6.B. Cesium-137 in Danish grain in 1989. (Unit: Bq (kg K)-1)

Location Ry_e Barley Wheat QOats Triticale

Winter Spring Winter Winter Spring Sening

Tyistrup 34 14.8 19.2 73

Kale 34 23 578 468 29

Borris 27 47 105A 37 57 93 27

Askov 127 40 35 74 114 95

St. Jyndevad 60 45 25 77 300

Funen 21 161 101 A 9€

Tystofte 708 388 388 468 90A 10.9

Ledreborg 628B 7.6A 6.38 134A 27

Abed 428B 67A 65A 120A 10.2A

Bornhoim 63A 51A 798 408 70A 18.1 76A

1989:

Geometric

mean 22 17.6 109 125 20 44 142

1989:;

Arithmetic

mean 36 35 142 25 35 75 171
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Tabie 5.3.7.A. Analysis of variance of in Bg !37Cs kg~! tn grain in 1988
(from Table 5.3.5.4)

Variation SSD f s? v P

Between species 6.03 3 20 6.68 > 99.5%
Betweer: locations 29.20 9 324 10.78 > 99.95%
Spec. x loc. 753 25 030 1.624 -
Remainder 241 13 0185

Table 53.8A. A: - of variance of In Bq 137Cs (kg K)-! in grain in 1988
(from Table 5.3.6...,

Variation SSD f s? v P

Between species 5.85 3 195 6.24 > 99.5%
Between locations 30.82 9 342 1096 > 9995%
Spec. x loc. 781 25 0312 1.017 -
Remainder 268 13 0.206

Table 5.3.7.B. Analysis of variance of in Bq !37Cs kg-! in grain in 1989
(from Table 5.3.5.B)

Variation SSD f s? v P

Betweenspecies 9296 3 3.099 8708 > 99.95%
Betweenlocations 47.186 9 5243 14733 > 99.95%
Spec. x loc. 8896 25 0.356 1.595 -
Remainder 3123 14 0223

Tabl: 5.3.8.B. Analysis of variance of In Bq 137Cs (kg K)-! in grain in 1989
(from Table 5.3.6.B)

Variation SSD f s? v P

Betweenspecies 8579 3 2860 7.011 > 99.5%
Between locations 44.494 9 4944 12121 > 99.95%
Spec. x loc. 10196 25 0.408 1.611

Remainder 3544 14 0253
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Fig. 5.3.5. Cestum-137 in rye collected in Denmark in 1962-1989.
(Unii: Bg kg1).

Fig. 5.3.6. Cesium-137 in barley collected in Denmark in 1962-1989.
(Unit: Bgkg!).
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Fig. 5.3.7. Cesium-137 in wheat collected in Denmark in 1962-1989.
(Unit: Bg kg1).

Fig. 5.3.8. Cesium-137 in oats collected in Denmark in 1962-1989.
(Unit: Bg kg!).
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Table 5.4.1 A. Stromnium-90 in Danisk bread collected in June 1988

Location Rye bread White bread
Bqkg-! BqlkgCal! Bqkg Bqikg Ca}'

Jutland 0.25=002 470 0.138=0.001 400

The Isiands 030=0.01 860 0.114=C.004 240

1988:

Geometric mean 027 630 0125 310

1988:

Anthmetic mean 027 660 0.126 320

Copenhagen 0.28=0.03 550 0.122=0.010 240

Population

weighted mean 0.27 600 0127 310

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

Table 5.4.1.B. Strontium-90 in Danish bread collected in June 1989

Location Rye bread White bread
Bg kg’ Bq (kg Ca)! Bqkg-! BqlkgCa}*

Jutland oy 730 0113 270

The Islands 0.20 340 0.104 210

1989:

Geometric mean 0.20 500 0.109 240

1989:

Arithmetic mean 0.20 540 0.109 240

Copenhagen 0176 360 0.191 300

Population

weighted mean 0.199 520 0.132 260

116
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Tebie 5.4.2_A. Radcestum e Dawish bread coiiected in June 1938

Locaton Rye bread wWhite bread
Bq'’Cs B8q'¥Cs '3M(Cs Bq'3’Cs Bg'3Cs 14Cs
kg (kg K)y' 13Cs kg-' (kg K)-' 137Cs
| North Jutland 0.25 95 0175 0.074 67 0.29
] East Jutland 0.178 56 0.096 A 0.07% 56 027 A
i WestJutland 0.165 61 - 0.186 118 0.26
IV  Scuth Jutiand 0.25 9% - 0.082 67 0.193A
V  Funen 0.58 196 0.25 0136 110 0.35%
VI Zealand 0.27 75 0111A 0.046 32 025
VIl Loliand-Falster 0.33 1185 0174 0.37 3C0 0.28
Vil  Bomholm 0.105 27 - 0.0176 A 174A -
1968:
Geometric mean 0.24 78 0.152 0.088 69 0.27
1988
Arithmetic mean 0.27 90 0.161 0123 95 027
Copenhagen 045 152 0.27 0.058 42 -
Population-
weighted mean 0. 105 - 0.093 69 -
Table 5.4.2.B. Radiocesium m Danish bread collected in June 1989
Location Rye bread White bread
Bq '3'Cs Bq37Cs 134Cs Bq137Cs Bq '3’Cs 14Cq
kg-! (kgK)' 137Cs kg-! {kg K)-1 137Cs
| North Jutland 0.28 112 0.161 0.029 22
] East Jutiand 0.45 170 0N 0.030 23
I WestJutland 0.48 175 0.157 0.022 16.6
IV South Jutiand 0.40 154 0.148 0.047 35 -
V  Funen 038 139 0.168 0.068 47 021A
VI Zealand 0.22 84 0.172 0.028 21 -
Vil Lolland-Falster 0.120 44 0.26 0.057 37 022A
Vili Bornholm 0.057 17.2 034 0.027 21 -
1989:
Geometric mean 0.25 N 0.189 0.036 26 0.22
1989:
Arithmetic mean 0.30 112 0.197 0.039 28 0.22
Copenhagen 0.100 41 0.1488 0.027 193
Population-
weighted mean 0.29 109 - 0.033 24
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Toble S.4.3.4. A comparison betroeen %99Sy gud 13°Cs levels i bread (June) and

gram 1988
Nuclides Species -Bread actiwity ZActty in “Bread Agrain
in June 1988 grain from rato
calculated as harvest 1987
grainin Bq kg-! Bqkg-!
%05, Wheat 085 059 144
Rye 0.36 0.44 0.82
1375 Wheat 0.33 0.078 42
Rye 0.36 0.17 21

2 (Rise Reports 1957-1989).

Teble 543 B. A comparison between Sr and 17°Cs levels in bread (June) end

grain [ 989
Nuclides Species -—Bread activity <Actvity In “Bread Agrain
in June 1989 grain from ratio
calculated as harvest 1988
grairi in Bq kg-! Bqkg'
%05, Wheat 0.74 0.36 2.1
Rye 0.27 0.36 075
137Cs Wheat 0.105 0087 121
Rye 0.40 0.186 22

< {Riso Reports 1957-1989).

Table 5.5.1.A. Strontium-90 and radiocesium in Darish praioes in 1988

Location Bq%Srkg-! Bq90Sr(kg Ca)! Bq'3’Cskg? Bq'3’Cs (kg K})! ::;gs
s

Tylstrup 0.037 600 0.126 30 0.168 A
Kalo 0.0155 890 0.089 24 028 A
Borris 0.047 1020 0.26 65 0174
Askov 0.036 1110 0.127 29 022 A
St. Jyndevad 0.047 700 0.116 28 0.161 A

lev 0.047 810 0113 24 0.23
Tystofte 0.027 620 0.0238 508 -
Ledreborg 0.040 610 0.034 8.2 -
Abed 0.034 450 0.0258 548 -
Bormholm 0.036 660 0.030A 73A -
1988:
Geometric
mean 0.035 720 0.07C 165 0.20
1988:
Arithmetic
mean 0.037 750 0.094 23 0.21
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Tabkie .51 B. Stronrirm-90 gvd rediocestum tn Dawich potaters m 1989

Location Bg%Srkg-' Bq¥Sr(kg Ca)' Bq'¥'Cskg' Bq'I’CsikgK)’ ;.;.Cg_
s

Tylistrup 0.029 710 0.081 194

Kalo 0.025 520 0037A 76A

Boms 0.024 530 0.182 35 0.136 A

Askov 0.080 1020 039 88 0.20

St Jyndevad 0.025 370 0.129 28

Arsiev 0.025 360 0.308 23 0.1798

Tystofte 0.048 570 < 0.022 <49

Ledreborg 0.030 670 00248 878

Abed 0.058 680 0132 29 0.24 A

Bomholm 00179 240 0033 A 64A

1989:

Geometric

mean 0.032 530 0.078 166 018

1989:

Anthmetic

mean 0.036 570 0114 25 019
Table 5.6.1 A Strontrum-90 in vepetables and fruit collected in 1988

Cabbage Carrot Peas Apples

Location Bakg® BqikgCal® Bqkg™ BqgikgCar® Bakg  BawgCar™ Bakg'™ BalkgCa’

Jutiand 028 640 oal 1320 0162 810 003% 440

The isiands 0187 420 0190 630 0106 470 0037 450

1988

Geometnc mean 023 520 01 930 01N 620 0037 450

1988

Anthmetic mgan 023 530 030 1000 0134 640 0037 450
Table 5.6.1.B. Strontium-90 in vegetobles and fruit collected in 1989

Cabbage Carrot Peas Apples

Locaton Bakg-'' BgixgCar' Bqlg' BqikgCar' Bgkg' BqglkgCa Bgkg-' BqlkgCat’

Jutiand oz 640 oz 950 0145 440 00193 340

The isiands 0152 270 0099 360 0132 510 00155 370

1989

Geometnic mean on 420 0166 580 0138 480 00173 360

1969

Anthmetic mean 022 460 0189 650 0139 480 00174 360
120 Riso-R-570
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Fig. 5.5.1. Strontium-90 in potatoes collected in Futland in 1959-1989.
(Unit: Bq kg).

Fig. 5.5.2. Stromium-90 in potatoes collected in the Islands in 1959-1989.
(Unit: Bg kg)).

02 - 2
i
01 |-
o i 01
i 4
S~ S
S
.",
o} 7
o
@ 005 - 0.05
003 — 0.03
0.02 P S S SO PO VTGN N (N0 S S U S S0V S SN SN U A SO SR NS S S S 0.02
1855 1980 1965 1970 1975 1980 1985 1990
YEAR
121

Rise-R-570



10 4 10
5 . 5
2 42
(o))
x 1} 1
S
~
™ ,
- 0.5 05
]
O
o 02 402
0.1 ¢
| 1 0.1
005 |- 0.05
0.02 RS G S S R SN WG U SUNT VT GRS R A S N U S 00?
1960 1965 1970 1975 1980 1985 1990
YEAR
Fig. 5.5.3. Cesium-137 in potatoes collected in Jutland in 1963-1989.
(Unit: Bg kg).
Fig. 5.5.4. Cesium-137 in potatoes collected in the Islands in 1963-1989.
(Unit: Bg kg).
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Table 5.6.2.A. Radiocesium in vegetables and fruit collected in 1988

Cabbage Carrots Peas Apples
Location wIcs 7Cs Mgy Cs 1MCs ™ecy  MCy 1Cs tMCs °Cs 'WCs "¥Cs
Bakg-'! BaikgKr' 137Cs Bakg-' BglkgKr' 37Cs  Bgkg! Balkgkr' '¥Cs  Bakg'' BalkgXr! '37Cs
! North Jutland 0.055 26 0032 182 023 67 0.066 (x] 02
It East Jutiand 2035 51 00102 A JBA 0.060 N 0.088 8 c3
1] West Jutiang 0048 20 0122 €5 0.20 073 230 025 0.149 172 030
South Jutland 0.130 77 0102A 0107 61 01434 022 77 0288 0.04! 39 C. A
V  Furen 0.04” 26 0043 A 21 A 0146 54 028A 0034 3 0504
2esland 0.0181 75 00123A 49A 0107 27 0104 145 023
Vi Lofisnd-Faister 0.0143A 53A 000708 258 .050 16.0 0.025 2
Vit Bornhoim 0.0119A S0A 0011 B8 308 0028 A 67A 0.0193A 189
1988 Geometnc
mean 0.034 179 0026 109 017 0122 38 027 0.053 54 030
1988: Anthmetic
mean 0.045 27 0043 22 017 0196 63 027 0.066 72 [}
Table 5.6.2.B. Radiocesium in vegetables and fruit collected in 1989
Cabbage Carrots Peas Apples
¥37 137 134 137 137 1 137, 13:C 1 137, 1, 134
Locaton Cs Cs Cs Cs Cs MCs Cs Cs HCs Cs Cs Cs
Bgkg-! BgikgKkr' 137Cs Bakg-' BglkgK)! 137Cs 8gkg-' BglkgKky' 137Cs Bgkg—' Balkgkr' 13Cs
I North Jutland 0.185 88 0048 0054 23 0051 175 0.029 36
W East Jutiang 0.0109A 67A 0049 29 0073 2 0044 42 027
1] West Jutland 0.056 29 0164A 0068 50 C163A 059 142 0119 0.101 127 0170
1’ South Jutiand 0.039 149 0.2t 84 0103 0132 47 021A 0.141 170 020
v Funen 001724 77A 001138 77 8 037 127 0155 0079 86 0161 A
v Zealand 001848 828 0041 5 0042 128 0076 100 0184
Vil Lofland-Faister 0.00938 368 0031 140 01468 0049A 17.2A 0 069 51 01934
Vil Bernholm 0022 A 97A 000248 0988 0046 141 00168 A 11 8A
1989: Geometrnc
mean 0.027 124 0.082 0033 171 0135 0100 32 0156 0.058 60 0194
1989; Arithmetic
mesn 0.045 21 0.100 0.058 29 0137 0168 50 0160 0.069 78 0196
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Table 5.6.3.A. Calculated °Sr and 137Cs mean levels in vegetables in 1988

Daily intake in g Bq 90Sr kg-! Bq90Sr(kg Cay' Bq'3Cskg! Bq'3’Cs(kgK)'’

50 leaf vegetables 0.23 530 0.045 27
(cabbage)

30 root vegetables 0.30 1000 0.043 22
(carrot)

40 peasand beans 0134 640 0.196 63

120g 022 680 0.095 38

Table 5.6.3.B. Calculated %St and 137Cs mean levels in vegetables in 1989

Daily intake ing Bq %0Sr kg-! Bq%Sr(kg Cay? Bq'37Cskg!' Bqg'3’Cs (kg K)'

50 leaf vegetables 022 460 0.045 21
(cabbage)

30 rootvaegetsbles 0.189 650 0.058 29
{carrot)

40 peasandbeans 0.139 480 0.168 50

1209 0.185 510 0.089 33

Table 5.7.1.1. Strontium-90 in beef and pork collected in Denmark in Fune 1988

and June 1989
Year Location Species Bqkg' Bql(kgCa)’
1988  Denmark Beef 0.0081 120
1989 " " 0.0131 119
1988  Copenhagen Pork 0.0067 A 67 A
1989 " " < 0.001 <14
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Table 5.7.1.2.A. Radiocesium in beef and pork collected countrywide in Denmark in

Fune 1988
Beet Pork

Zone Bq'37Cs Bq'37Cs 134Cs Bq137Cs Bq'37Cs 13%Cs

kg" (kg K)-1 137Cs kg-‘ (kg K)-1 137Cs
I North Jutland 092 410 0.29 032 109 0177
i East Jutland 0.98 420 0.24 0.47 181 024
. West Jutland 032 1M 0.179 065 196 0.26
V. South Jutland 2.1 830 0.28 0.52 210 0.24
V. Funen 26 900 0.28 0.34 145 0.24
VI.  Zealand 074 220 0.26 0.128 47 -
VIl.  Lolland-Falster 0.23 83 0.25 0.24 89 0.180
Viil.  Bornholm 24 870 0.27 0.124 64 -
Geometric mean 094 350 0.25 0.32 115 0.22
Arithmetic mean 1.27 480 0.26 0.36 130 0.22
Copenhagen 1.14 350 0.29 064 230 0.27
Population-weighted
mean 1.08 390 - 0.46 163 -

Table 5.7.1.2. B. Radiocestum in beef collected countrywide

tn Denmark in June

1989
Beet

Zone Bq'3Cs Bq'37Cs  134Cs

kg"‘ (kg K)-1 137Cs
I North Jutland 0.66 230 0.152
i East Jutiand 1.09 360 0.162
hi. West Jutland 1.43 500 0.174
v, South Jutland 1.28 460 0.177
V. Funen 1.33 460 0.153
Vi. Zealand 0.73 250 0.189
VIl.  Lolland-Faister 0.48 3 0.152
Vill.  Bornholm 0.44 184 0.138
Geometric mean 0.85 290 0.161
Arithmetic mean 0.93 320 0.162
Copenhagen 24 690 0.163
Population-weighted
mean 1.40 450
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Table 5.7.1.3.A. Radiocesium in beef and pork collected countrywide in Denmark in

December 1988
Beef Pork
kg-! (kgK)'  137Cs kg! (kgKy'  137Cs
L. North Jutland 0.42 134 0.151 0.58 193 0130A
I East Jutland 047 177 0.196 0.36 138 0.137 A
in. West Jutland 25 850 0.21 0.76 280 0.196
v. South Jutland 2.2 630 0.185 1.27 350 0.195
V. Funen 1.08 400 0176 0.52 181 0.21
VI. Zealand 1.18 360 0.20 0.5 167 0.151
VIl.  Lolland-Falster 117000 400+x13 0.24 0.31x0.04 97+18 0.172A
VIil. Bornholm 25 1000 0.25 0.31 104 0.197 A
Geometric mean 1.20 410 0.196 0.52 173 0171
Arithmetic mean 1.45 490 0.198 0.58 189 0173
Copenhagen 1.69 490 0.163 0.44 136 0.21
Population-weighted
mean 1.33 430 - 0.54 180 -
Table 5.7.1.3.B. Radiocesium in beef collected countrywide in Denmark
in December 1989
Beef
Zone Bq 137Cs Bq'3’Cs  134Cs
kg‘1 (kg K)-1 137Cs
. North Jutiand 33 1250 0.134
il East Jutland 0.57 210 0.145
. West Jutland 0.68 220 0.157
v, South Jutland 0.90 310 0.182
V. Funen 1.81 630 0123
VI. Zealand 0.74 260 0.124
VIl.  Lolland-Falster 0.70 260 0.158
VIll. Bornholm 2.2 740 0.131
Geometric mean 1.11 390 0.143
Arithmetic mean 1.36 480 0.144
Copenhagen 1.20 420 0.108
Population-weighted
mean 1.19 420 -
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Table 5.7.1.4.A. Radiocesium in beef and pork collected in Copenhagen in 1988

134Cg

Month Species Bq'3’Cskg-! Bq'3Cs(kgK)! 137Cs
March Beef 1.29 420 0.31
" Pork 0.46 165 0.27
Sept Beef 092 290 0.18
" Pork 0.30 97 0.22

Table 5.7.1.4.B. Radiocesium in pork collected in Copenhagen in March
and September 1989

134CS
Month Bq 37Cskg?  Bq'3Cs (kg K)! 131Cs
March 0.82 240 0.18

September 0.22 65 -

Table 5.7.1.5. Radiocesium in beef collected at Nyborg (Zone V) in 1988 and 1989

134Cs
Month  Year Ba™¥Cs kg™ Ba'I7CstkgKI' T35,
Dec 1988 1.28 440 0.24
Jan 1989 0.26 86 0.22
Feb " 0.133 49 0.21A
March ~ 0.169 64 0.1528
April " 0.129 48 -
May ’ 0191 66 0.158 A
June " 24 690 0.163
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Table 5.7.2.1 A. Strontium-90 in fish collected in Dantsh waters in 1988 (samples
were obtained from Hundested (Cattegat) and Ringkobing (North Sea))
(Cf. Table 5.7.2.2.A4)

Flesh Bone
Species Bq %0Sr Bq 90Sr Bq 20Sr
kg~ (kg Ca)! (kg Ca)!
Cod 0.0179 24 189
Plaice 0.0180 23 16.2
Herring 0.0033 6.2 4.0
1988: Geometric mean 0.0102 15.1 10.7
1988: £ ‘ithmetic mean 0.0131 178 13.0

Table 5.7.2.1.B. Strontium-90 in fish collected in Danish waters in 1989 (samples
were obtained from Hundested (Cattegat) and Ringkobing (North Sea))
(Cf. Table 5.7.2.2.B)

Flesh Bone
Species Bg 90Sr Bg 90Sr Bq %0Sr
kg-! (kg Ca)-! (kg Ca)!
Cod 0.0145 175 16.8
Plaice 0.0199 246 16.0
Herring 0.0040 75 4.0
1989: Geometric mean 0.0105 14.8 10.6
1989: Arithmetic mean 0.0128 16.5 12.4
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Table 5.7.2.2_A. Radiocestum in fish (flesh) from Danish waters in 1988

Location Month  Species Bq 13’Cs Bq'37Cs  133Cs
kg~ (kg K)* 137Cs

Hundested March Cod 9.1 2800 0.22

{Cattegat) March Plaice 53 2000 0.25
- March Herring 27 810 0.142
- Sept Cod 59 2700 024
- Sept Piaice 58 1630 0.20
-7 Sept Herring*® 22 630 0.147

1988: Geometric mean 46 1520

1988: Arithmetic mean 5.2 1760

Ringkebing March Cod 2.8 1210 0.121

{North Sea) March Plaice 1.30 490 0.149
-7 March  Herring 20 750 0.169
- Sept Cod 1.92 610 0.084
-7~ Sept Plaice 1.1 390 0.146
-"- Sept Herring 21 680 0.142

1988: Geometric mean 1.79 640

1988: Arithmetic mean 1.87 690

1988: Total Geometric mean 29 990

1988: Total Arithmetic mean 35 1220

*The sample contained 3.7 Bq '19mAg kg-’
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Table 5.7.2.2.B. Radiocesium in fisk (flesh) from Danish waters in 1989

Location Month  Species Bq '37Cs BqP7Cs 13Cs
kg-‘ (kg K)—Y Y37CS
Hundested March Cod 33 10500 023
{Cattegat) March  Plaice 1.61 650 0.123
-7 March  Herring 1.83 590 0.132
-7 Sept Cod 69 2000 0.151
-7- Sept Plaice 6.0 1730 0.163
-7 Sept Herring 1.48 470 0.115
1989: Geometric mean 43 1370
1989: Arithmetic mean 85 2700
Ringkebing March  Cod 0.72 250 0.061 A
{North Sea) March Plaice 054 220 0.127A
-"- March  Herring 1.9 750 0.163
-7 Sept Cod 110 330 0.052A
-7- Sept Plaice 0.56 230 0.077 A
-7 Sept Herring 118 440 0.030
1989: Geometric mean 090 330
1989: Arithmetic mean 1.00 370
Bornhoim Jan Cod 24 6000 0.23
(Baltic Sea) May Cod 140 4300 0.195
-7- May Plaice 118 3900 0.180
-7 May Herring 108 3300 0.192
1989: Geometric mean 144 4300
1989: Arithmetic mean 15.2 4400
Skagen Jan Sole 1.26 440 0.152
-7 Feb Mackerel 0.24 82 0.076
1989: Geometric mean 055 190
1989: Arithmetic mean ) 0.75 v 260
1989: Total Geometric mean 26 880
1989: Tota! Arithmetic mean 6.6 2000

*The sample contained 0.44 Bq 2'0Po kg-!
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Table 5.7.2.3. Radiocesium in marime fish (eel) from various locations m 1987 and
1988

Location Date Bq 137Cs Bq137Cs 13Cs
kg" (kg K)? 137Cs
Oscarshamn
Baltic Sea. Sweden March " 9£8 11.7 5400 0.30
. April 1988 10.0 4200 030
- July 1983 98 4100 C.26
Biotest lake
Forsmark.Sweden 1987 183 76000 0.48
- 1988 128 60000 0.35

Table 5.7.3. Srontium-90 and radiocesium in eggs collecred in Copenhagen in 1988
and 1989

Year Month Bq 99Sr Bq %9Sr Bq37Cs Bq37Cs 134Cs
kg (kg Ca)! kg-! (kg K)-? kg-!

1988 June 0.024 46 0.102 78 0.023

1989 June 0.0121 22 0.042 33 -

Fig. 5.7.2. Cesium-137 in eels from the Baliic Sc.. . Oscarshamn, Sweden) 1986-1988.
(Unit: Bq137°Cs kg-!).
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Table 5.7.4. Stromnium-90 and radiocesium in various mmported vegetable food
purchased in Copenhagen in November 1955

Sample B8q %9Sr B8q %9Sr 8q 137Cs 8q '3°Cs 138Cs
kg~ (kg Ca)! kg (kg KJ! 3iCs

Rize 0.167 220 0.054 43

Oats 057 540 1.19 350 0.18

Hazel nuts 33 2000 1.75 320 0.22

Banana 0.0039 75 < 0.017 < 45

Orange 0.046 170 0.0138 888

Cofftee 0.1:9 330 0.56 i}

Tea 0.38 2200 134 98 008 A

Rize* - - 0.030A 29A

*Collected in February 1989.

Table 5.8.1.A. Strontium-90 in Danish total diet collected m June 1988

Zone Bq(kgCa)' Bqgday'cap' gCaday'
I North Jutiand 162 0.162 1.01
. East Jutland 147 0.165 112
1. West Jutland 164 0173 1.05
V. South Jutland 180 0.191 1.06
V. Funen 151 0.189 1.25
Vi, Zealand 136 0.154 1.14
Vil Lolland-Faister 152 0.160 1.05
Vili. Bornholm 144 0.150 1.04
Geometric mean 154 0.168 1.09
Arithmetic mean 155 0.168 1.09
Copenhagen 126 0.155 1.23
Population-weighted

mean 146 0.165 1.14

Table 5.8.1.B. Strontium-90 in Danish to1al diet collected in June 1989

Zone Bg(kgCar' Bqgday'cap' gCaday'
. North Jutland 121 0.135 1.1

. East Jutland 122 0.141 1.16

I, West Jutiand 137 0.154 1.12
V. South Jutland 147 0.160 1.09

V. Funen 130 0.155 1.19
VL. Zealand 131 0.145 1.11
Vil.  Lolland-Falster 118 0.146 1.24
Viil. Bornholm 140 0.162 1.15
Geometric mean 131 0.150 1.15
Arithmetic mean 131 0.150 115
Copenhagen 113 0.151 1.34
Population-weighted

mean 125 0149 1.20
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Fig. 5.8.1. Predicied and observed %Sr levels in the Dawish total diet. The dotied
curve represents the predicted velues for sDiet Ca (cf. Tables 5.7.1 and 5.7.2) and
the circles are the corresponding observed values. The unbroken curve represents the
predicted velues for sDiet Pa (cf. Table 5.9.3), and the triangles the corresponding
observed values.

Fig. 5.8.2. Calctum in Danisk average diet 1962-1989. (Unit: g Ca day™)).
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Table 5.8.2 A. Strontium-90 tn Danish total diet collecsed e December 1968

Zone Bqgikg Ca}* Bqday'cap® gCaday’
l North Jutland 153 0.154 1.0

it East Jutiand 151 0.157 1.04

it West Jutiand 140 0148 1.06
V. South Jutiand 151 0.165 1.09

V. Funen 143 0.168 113
VL Zealand 122 0.142 1.16
V.  Lolland-Faister 124 0.145 1.17
VHi. Bomholm 127 0.150 118
Geometric mean 140 0.153 1.10
Anthmetic mean 140 0.154 1
Copenhagen 100+=0 0.127=0004 127=004
Population-weighted

mean 131 0.146 114

The error term is 1 S_E_ of the mean of double determinations.

Table 5.3.2.B. Stromtium-90 in Danish total dies collected in December 1989

Zone Bq(kg Ca)' Bgday'cap' gCaday'
L North Jutiand 159 0173 1.09

i East Jutland 146 0.156 107

ML West Jutland 164 0173 1.06
IV.  SouthJutiand 153 0.1 1.11

V. Funen 118 N33 113
VI. Zeatand 117 0.161 138
Vil.  Lolland-Faister 103 0.123 1.20
Vvill. Bomholm 90 0112 1.25
Geometric mean 129 0.149 1.16
Anthmetic mean 131 0.150 116
Copenhagen 85 0113 1.33
Population-weighted

mean 125 0.147 1.21
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Table 5.8.3.A. Radiocestum in Danish total diet collected in Fune 1988

Zone Bq137Cs(kg Ky’ B4 137Cs day™! g K day-’ 13Cs
cap-! 137Cs

l. North Jutland 111 0.37 33 021

1. East Jutiand 104 0.36 3.4 0.20

H. West Jutland 124 0.45 36 0.199

\'A South Jutland 154 0.49 3.2 0.23

V. Funen 175 0.55 31 0.25

VI.  Zealand 102 0.35 34 0.23

Vii.  Loliand-Falster 174 0.61 35 024

Vill.  Borniiolm 158 0.56 35 0.21

Geometric mean 135 0.46 34 0.22

Arithrr 2tic mean 138 0.47 34 0.22+0.02

Copenhagen 164 0.49 30 0.24

Population-weighted mean 135 0.44 33 -

The errortermis 1 S.D. of the mean.

Table 5.8.3.B. Radiocesium in Danish total diet collected in Fune 1989

Zone Bq 137Cs (kg K)-! Bg '37Cs day! g K day-! 13Cs
cap™? 137Cs

I North Jutland 79 0.25 3.2 0.191 A

. East.:.‘and 103 0.33 3.2 0.151 A

. West Jutland 123 0.37 30 0.146

V. South Jutland 102 0.34 3.3 0.19

V. Funen 79 0.27 34 01865

vi. Zealand 94 0.34 3.6 0.150

Vil.  Lolland-Falster 45 0177 39 0.145 A

Vil Bornho!m 138 0.49 35 0.185

Geometric mean 91 0.31 34 0.164

Arithmetic mean a5 032 34 0.165=0.020

Copenhagen 75 0.26 35 0.146

Population-weighted mean 91 0.30 34 -

Theerrorterm is 1 S.D. of the mean.
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Table 5.8.4.A. Radiocesium in Danish total diet collected in December 1988

Zone Bq'3Cs(kgK)}' B 137Cs day™! g K day-! 4Cs
Cap-1 137CS
l. North Jutland 123 0.45 36 0.142 A
I, East Jutiand 137 0.48 35 0170
i, West Jutland 147 0.50 34 0170
V. South Jutland 136 045 3.3 0173 A
V. Funen 104 0.36 35 0.168 A
Vi, Zealand 92 0.31 34 0.1548B
Vii.  Lolland-Falster 133 0.48 3.6 0.25
VHI.  Bornholm 159 0.62 39 0.20
Geometric mean 127 045 35 0.176
Arthmetic mean 12 0.46 35 0.178+0.033
Copenhagen® 220111 0.77+0.39 3401 020 =003
Population-weighted mean 150 052 35 ;

The errortermis 1 S.D. of the mean.

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

Table 5.8.4.B. Radiocestum in Danish total diet collected in December 1989

Zone Bq'37Cs(kgk)y! Ba'¥Csday’ gy gay-t 134Cs
Cap—1 137C5
. North Jutland 121 042 35 0.135A
H. East Jutland a3 0.33 3.6 0.100 A
. West Jutland 100 0.34 34 0.126 A
V. South Jutland 108 0.39 3.6 0.162 A
V. Funen ‘ 96 0.35 36 0141 A
Vi Zealand 81 0.29 3.6 0.163 A
VIl.  Lolland-Falster 42 0.144 34 0.0728B
VHI.  Bornholm 240 091 38 0.1683 A
Geometric mean 99 0.35 36 0.128
Arithmetic mean 109 0.40 36 0.132x0.032
Copenhagen 63 0.21 3 0.104 A
Population-weighted mean 88 0.31 35 -
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Table 5.9.1. A. Esumate of the 90Sr content in grain products consumed pro capite in
1988

Fraction from harvest 1987 Fraction from harvest 1988
Type - Total
kg flour Bagkg' Bqg kg flour Bqgkg' Bqg Bq

Rye flour

100% extraction 219 0.44 9.64 73 0.36 263 12.27
Wheat flour

75% extraction 329 0.129 424 10.9 0.072 0.78 502
Grits 55 0.20 1.10 1.8 0.14 0.25 1.35
Total 60.3 0.25 14.98 200 0.18 3.66 18.64

Table 5.9.1.B. Estimate of the %0Sr content in grain products consumed pro capite in
1989

Fraction from harvest 1988 Fraction from harvest 1989

Type Total

kg flour Bqgkg-! Bg kg flour Bgkg~’ Bqg Bq
Rye flour
100% extraction 219 0.36 7.8 7.3 0.30 2.2 100
Wheat flour
75% extraction 329 0.072 2.4 109 0.072 0.78 318
Grits 55 0.172 0.95 1.8 0.23 0.41 1.36
Total 60.3 018 11.2 200 0.170 34 1454
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Table 5.9.2.A. Estimate of the 37Cs content in grain products consumed pro capite
in ]988

Fraction from harvest 1987 Fraction from harvest 1988
Type Total
kg flour Bgkg-! Bg kgflour Bgkg! Bgq Ba

Rye flour

100% extraction 219 0.17 3.72 7.3 0.19 1.39 511
Wheat flour

75% extraction 329 0.04 1.32 10.9 0.04 0.44 1.76
Grits 585 0.25 1.38 18 0.15 0.27 1.65
Total 60.3 0.1 6.42 20.0 0.1 210 852

Table 5.9.2.B. Estimate of the 137Cs content in grain products consumed pro capite
in 1989

Fraction from harvest 1988 Fraction from harvest 1989

Type Total
kg flour Bgkg! Bg kg fiour Bgkg-! Bq Bg

Rye flour

100% extraction 219 0.186 41 7.3 0.151 1.10 52

Wheat flour

75% extraction 329 0.042 1.38 10.9 0.056 0.61 1.99

Grits 55 0.23 1.26 1.8 0.20 0.36 1.62

Total 60.3 0.11 6.7 20.0 0.10 2.1 8.8
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Table 5.9.3.A. Estimate of the mean content of 9Sr in the human diet in 1988

Type of focd Annual 8¢ %0S: Teta! Percentage of 1012t

quantity per kg Bq %0Sr Bq %0Sr in food References

in kg

Milk and cream 164.0 0.062 1017 204 (Table 5.1.1.A)
Cheese 9 0.4 373 75 (Table5.2.2)
Grain products 80.3 0.232 1864 374 (Table 59.1 A)
Potatoes 73.0 0.037 270 54 (Table 5.5.1 A}
Vegetables 438 0.22 964 193 {Table 56.3 A)
Fruit 511 0.034 174 35 1)
Meat 54.7 0.022 1.20 24 2)
Eggs 10.9 0.024 026 05 (Table 5.7.3)
Fish 109 0013 014 03 {Table 5.7.2.1 A)
Cottee and tea 55 0.25 1.38 28 3)
» Drinking water 548 0.0005 027 05 (Table4.3.3.1.A)
Totat 4987

The mean Ca intake was estimated at 0.41 kg y-! {approx. 0.1 kg creta praeparata) Hence the %95¢/Ca ratio in total

diet was 122 Bq %9Sr (kg Ca)1{3.35.U.)17 1988.

» No coliections in 1988. 1987 data used.

Table 5.9.4.A. Estimate of the mean content of 137Cs in the human diet in 1988

Type of food Annual Bqa'3'Cs Total Percentage of total

guantity per kg Bq 'Cs Bg '¥Cs in food References

inkg

Milk and cream 164.0 028 4592 299 (Table 5.1.3.A)
Cheese 91 0.135 1.23 08 (Table 52.2)
Grain products 80.3 0.106 852 56 (Table 5.9 2 A)
Potatoes 730 0.094 686 45 {Table 5.5.1.A)
Vegetables 438 0.095 416 27 (Table 5.6 3. A)
Fruit 511 0.049 250 16 1)
Meat 547 072 3938 257 2)
Eggs 10.9 0.10 1.09 07 (Table 5.7.3)
Fish 109 36 3924 256 (Tabie 5.7.2.2. A)
Cotfee and tea 55 0.82 45 29 3)
» Drinking water 548 0.00006 003 00 (Table £.3.3.1.A)
Totat 15344

As the approximate intake of potassium was 1.365 kg y-~ the "37Cs/K ratios were 112 8q '37Cs (kg K)-* or 30 M.U.
n 1988

» No collections in 1988. 1987 data used.

Notes to Tables 5.9.3 and 5.9.4.

1) Calculated from apples in Tables 5.6.1.B and 5.6.2.B and from banana and orange in Table 5.7.4
with the relative weighting factors 0.714, 0.143, 0.143, respectively.

2) Calculated from the mean of the June and December sampling for 137Cs in beef (Tables 5.7.1.2.B
and 5.7.1.3.B) and from Table 5.7.1.4.B (}37Cs in pork). Table 5.7.1.1 gives 9Sr data for beef and
pork. In the calculation beef is weighted by 0.33 and pork by 0.67.

3 One third of the total consumption consists of tea znd two-thirds of coffee. The data from Table
5.7.4. are used for the calculation.

Arithmetic means are used all through.
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Table 5.9.3.B. Estimate of the mean content of %0Sr in the human diet in 1989
(¢f. notes 10 A 1ables)

Type of food Annual  Bq90Sr Total Percentage of total
quantity perkg Bq %0Sr Bq %0Sr in food
in kg

Milk and cream 164.0 0.058 9.51 226
Cheese a1 0.44 4.00 95
Grain products 80.3 0.181 14.54 345
Potatoes 730 0.036 263 6.3
Vegetables 438 0.185 8.10 19.2

Fruit 511 0.020 1.02 24
Meat EA7 0.009 0.49 1.2
Eggs 1C9 0.012 0.13 03

Fish 10.9 0.013 0.14 03
Cotfee and tea 55 0.254 1.40 33
Drinking water 548 0.33x10-3 018 04
Total 42.14

The mean Ca intake was estimated at 0.44 kg y! (approx. 0.1 kg creta
praeparata). Hence the 99Sr/Ca ratio in total diet was 96 Bq %0Sr (kg Ca)-' (2.6
S.U.)in1989.

Table 5.9.4.B. Estimate of the mean content of 137Cs in the human diet in 1989
(cf. notes to A 1ables)

Type of food Annual Bg'37Cs Total Percentage of total
quantity per kg Bq13’Cs Bq'37’Csinfood
in kg

Milk and cream 164.0 0.178 29.19 171
Cheese 9.1 0.153 1.39 08
Grain pioducts 80.3 0.110 8.80 5.1
Potatces 73.0 0.114 8.32 49
Vegetables 438 0.089 3.90 2.3

Fruit 511 0.054 2.76 1.6

Meat 547 0.728 39.82 233

Eggs 109 0.042 0.46 03

Fish 109 6.6 71.94 42.0
Coffee and tea 5.5 0.819 450 26
Diinking water 548 0.105x10-3  0.06 0.0

Total 171.14

As the approximate intake of potassium was 1.365 kg y-! the 137Cs/K ratios
were 125 Bq '37Cs (kg K)-' or 3.4 M.U. in 1989.
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Table 5.10.1.1.A. Strontium-90 and radiocesium in grass from Zealand, 1988

Periods Bq %0Sr Bq 99Sr Bq '3'Cs Bq'3'Cs gk 134Cs
(kg ash)' (kg Ca)’ kg dry (kgK)'  kgldry 13Cs

Jan-March 118 290

April-June 139 300

July-Sept 203 420

Oct-Dec 2€0 420 1.06 39 269 0.26

1988:

Geometricmean 17.2 350

1988:

Arithmetic mean 18.0 360

Table 5.10.1.1.B. Strontium-90 and radiocesium in grass from Zealand, 1989

Periods Bq %0Sr Bq 99Sr Bg '37Cs Bg'3’Cs gK 134Cs
(kg ash)-! {kg Ca)? kg-' dry (kg K)-1 kg-'dry 13Cs

Jan-March 17.2 350 1.82 184 99 0.17 A

Aprii-June 158 330 112A 37 29.9 -

July-Sept 24.2 320 1.03 46 221 0.17A

Oct-Dec 16.7 230 1.73 74 232 0.20 A

1989:

Geometricmean  18.2 300 1.38 69 19.7 0.18

1989:

Arithmetic mean 18.4 310 1.42 85 213 0.18
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Fig. 5.10.1. Quarterly %St levels in grass, 1957-1989.

Fig. 5.10.2. Cesium-137 in grass samples collected at Riso, Denmark in the period
April 1986 - December 1989.
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Table 5.10.1.2_A. Radiocesium in grass collected at Riso weekly in 1988

Monii Bg'3¥Cskg' Bg'¥Csm-2 gKkg' !3Cs
fresh weight fresh  137Cs
Jan 0.69 0.29 1.47 032
Feb 0.92 0.33 468 0.28
March 0.77 0.24 0.87 0178
April 0.69 0.160 594 027A
May 033 0.129 7.25 036A
June - - 8.32 -
July 0.30 0.108 6.79 024A
Aug 021 A 0.078 A 7.12 -
Sept 0.28 0.100 6.25 038A
Oct 0.197 A 0.082 A 488 0348
Nov 049 0.1 573 -
Dec 0.48 0.148 224 028A
1988:
Geometric mean 043 0.144 4.3 0.29
1988:
Arithmetic mean 0.49 0.161 5.1 G.29

Table 5.10.1.2.B. Radiocesium in grass collected at Risp weekly in 1989

Month Bq'37Cskg-! Bq'3Csm-2 gKkg' 134Cs
fresh weight fresh  137Cs

Jan 0.76 0.134 2.76 025A

Feb 090 0.144 295 0.27

March 0.69 0.149 252 021A

April 055 0137 3.55 025A

May 0.115A 0043 A 6.54

June - - 5.98

July 0.145 0.055 595

Aug 021 A 0078 A 5.75

Sept 003 B 00148 5.60

Oct 0.130 0.065 477

Nov 0.181A 0.052A 6.45

Dec 0.144 A 0.043A 3.23

1989:

Geometric mean 0.23 0.068 44 0.24

1989:

Arithmetic mean 0.35 0.083 47 0.24
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Table 5.10.2.A. Radiocesium in grass collected at the state experimental farms in

1988 (fresh weight samples)
May-June August-September

Location  Bq'3’Cs Bq'’Cs _134Cs gK Bq'¥Cs Bq'3¥’Cs _'34Cs gkK

kg-‘ m-2 137Cs kg-1 kg—'l m-z 137Cs ng
Tyistrup 073 0.70 0.25 53 0.32 0.49 53
Kale 090 083 029 74 057 0.36 0.24 83
Borris 0.22 041 73 0.62 050 022 53
Askov 056 054 0.194A 63 0159 0.166 037 50
St. Jyndevad 0.185 038 53 088 1.09 0.0 50
Arstev 0.148A 0.22A 81 027 0.172 030 a9
Tystofte 1.00=0.26* 185=-048° 025=001"* 79=-23° 01018 0.0808 47
Ledreborg  0.31 03 40 0.116 0.107 50
Abed 0.079 0127 031 38 0.0738 00438 36
Tornbygdrd  0.147 0.093 61 - -
1988:
Geometric
mean 031 039 0.26 60 0.25 022 022 51
S.D.factor 240 243 1.20 1.3 243 2.80 N 124
1988:
Anthmelic
mean 043 0.5% 0.26 6.2 035 033 0.24 52
SD. 034 0.52 0.04 155 028 033 0.10 1.27
N 10 10 5 10 9 9 5 9

* Theerrortermis 1 S E. of the mean of triple determinations.
**The errortermis 1 S E. of the mean of double determinations.
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Fig. 5.10.3. Cesium-137 median values in grass from the 10 Danish State experimen-
tal farms 1986-1989.

Fig. 5.11.1. Strontium-90 in sea plants from Roskilde Fjord, 1959-1989.
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Table 5.10.2.B. Radiocestum i grass collected at the state experimental farms in

1989 (fresh weight samples)
June September
Location Bq'3’Cs Bq'3’Cs 134Cs gk Bq'3Cs 8q13’Cs _134Cs gkK
kg- 1 m—z 1 37Cs kg-l kg-l m-2 1 37Cs kg- 1
Tylisteup o%N 048 014A 64 0199 G 090 8§2
Kale 0145A 0083 A 85 0109A 0071 A 74
Borns 022 0175 60 0.41 0200 54
Askov C 68 077 023 44 033 0133 0.1868 74
St. Jyndevad 22 1.66 0137 46 0172 0108 022 A 89
Arsiev 0193 018! 0168 51 0.166 0113 64
Tystofie 0072A 0146 64 006808 00318 71
Ledreborg 0116 0092 o218 49 00248 00208 56
Abed 0101 A 0100 A 78 0092A 0077A 72
Tornbygérd 00438 00348 72 - - -
19689
Geometric
mean 022 0194 0173 60 0135 0077 020 70
S.D.factor In 319 126 125 233 205 1.14 118
1969:
Anthmetic
mean 047 037 0176 61 0176 0094 o2 7
SD. 069 051 0054 138 0125 0054 0.03 113
N 10 10 5 10 9 9 2 9
Table 5.11.1.1. Strontium-90 in Fucus vesiculosus from Roskilde Fjord in 1988
and 1989
Location Date Bqg 29Sr 8q 99Sr kg-!
(cf. Fig. 4.6.1) (kg Ca)-! dry weight
I: 55°42’N12°06'E Jan-June 1988 180 34
I: 55°42’N12°06'E June-Nov 1988 125 37
IX: 55°45'N 12°04°E June 2, 1988 155 29
X: 55°61'N12°02’E June 2, 1988 158 36
I: 55°42'N 12°06'E Jan-June 1989 171 28
I: 55°42'N 12°06’'E  July-Dec 1989 200 29
IX: 55°45'N 12°04E May 23, 1989 107 29
X: 55°51'N12°02°E May 23,1989 108 29
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Table 51! 1.2. Radrwcestum in Fucus vesiculosus from Roskilde Fiord in 1988 end 1989

Lacaton Date %, dry BqQ*37Cs Bq 137Cs iMCs  Sahnity
{ct. Fig. 46.1) matter  (kgK)' kg'dryweight '37Cs 1" %o
L 554N 12°06E Jan 21,1988 173 540 188 on 110
I S5'2’N12°06'E Apni 19 1988 17.2 680 13.2 0.198 99
I SS5'4ZNI12°06'E Aug 22 1988 171 650 204 0134 1neg
I S542’N12°06'E Oct18.1988 17§ 560 18.1 020 109
IX: 55°45N12°04°E  June 2. 1988 18.1 630 19.2 0.186 135
X: 55'S51'N12°02E June2 1988 146 580 214 0.184 15.7
I S55'42N12°06E Jan10.1989 17.7 460 135 IRIA 120
I: 55'42'N12°06'E Apnl 19 1989 134 420 122 0.154 14.2
I: 55°42’N12°06'E* July 19, 1989 228" 510 13.7 0126 154
I: 55°42'N12°06'E Oct 19.1989 27 450 148 0.100 143
IX: S5°45’N12°04°E May 23. 1989 144 560 206 0133 148
X: 55°S1'N12°02E May 23.1989 149 500 164 0.149 16.1

® Measured on fresh
**Freeze drying.

Table 5.11.2 Rodionuchdes in Fucus vesiculosus (Fu.ve.) and Fucus sevratus (Fu_se.) collected at Klint (55°58°N,
11°35°E) in 1987. (Unit: Bq kg-! dry matter) (corrected 1987-data from Rise-R-563)

106Ry  'i0mAq  _'256b 134Cs %dry  Salimty

Species Date ®Co 'WCs T3cg T 1Cs 13Cs 3Cs  matter  in %e
Fuve. Aprl10 40 149 0.23 027 1738
Fuse. Apni10 41 140 .3 0.4 0.14 o 16.0
Fuve. May21 40 135 0.24 025 178
Fuse. May21 47 3 027 19.0
Fuve. June22 30 149 0.25 16.8 167
Fise. June22 25 199 027 17.4
Fuve. Juy15 27 18.1 0068 025 130
Fuse July15 34 168 024 2i4
Fuve. Aug13 28 18.1 0.25 146
Fuse. Augi3 20 A 022 202
Fuve. Sept15 26 176 025 17.0 184
Fuse. Septl15 25 176 025 213
Fuve. Oct15 30 15.0 025 17.4 182
Fuse. Oct15 179 13 0.12 022 221
Fuve. Nov13 20A 126 022 19.6 208
Fuse. Nov13 23 133 021 19.0
Fuve. Dec17 24 142 024 19.2
Fuse. Dec17 30 15.2 022 025 193
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Table 5.11.2.A. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus (Fu.se.)
collected at Klint (55°58°N, II°35°E) in 1988. (Unit: Bq kg-! dry matter)

1255h 134Cs % dry  Salinity

Species Date 60Co 137Cs 137Cs 137Cg 98Tc matter in %o
Fuve. Jan1d 190 111 0.24 139 18.2 231
Fuse* Jani14 24 13.3 0.085 0.24 69 201

Fuve. Feb16 21 16.1 0.20 135 16.0 18.8
Fuse. Feb16 34 19.0 0.26 83 16.2

Fuve. March15 25 15 0.25 78 188 19.0
Fuse. March15 27 14.0 0.195 71 216

Fuve. Apri13 2.2 121 0.22 82+5 189 141
Fuse. April13 2.1 105 0.22 72 22.7

Fuve. May16 086 138 0.23 97 16.1 15.6
Fuse. May16 1.76 22 0.24 52 18.6

Fuve. Junei4 145 198 0.26 48 17.8 154
Fuse. June14 BD.L. 28 024 18.4

Fuve. July15 164 25 022 65 16.5 139
Fuse. July15 1.86 25 0.23 41 22.0

Fuve. Aug15 137 21 0.24 48 154 17.8
Fuse. Augi15 171 22 0.24 39 245

Fuve. Sep20 184 23 0.20 55 206 18.2
Fu.se.** Sep 20 2.6 23 0.23 46 200

Fuve. Oct13 2.3 171 0.192 52 20.7 214
Fuse. Oct13 3.0 195 0124A 021 54 218

Fuve. Nov16 2.1 12.4 0.189 22 217 211
Fuse. Nov16 20 10.8 0.22 21 224

Fuve. Dwc18 2.5 15.9 0.20 54 21.0 227
Fuse. Dec18 2.7 16.7 0206A 020 116 200

*54Mn: 0.49A; **58Co0:098B.
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Table 5.11.2.B. Radionuclides in Fucus vesticulosus (Fu.ve.) and Fucus serratus (Fu.se.)
collected at Klint (55 S8°N, 1I°35°E) in 1989. (Unit: Bq kg1 dry matter)

'25Sp 134Cs % dry  Salinity
Species Date 60Co 137Cs 54Mn 137Cs 137Cs P¥T¢ matter in %o
Fuve. Jan12 2.1 10.0 0.139 74 215 243
Fuse. Jani12 27 14.1 0.184 64 21.2
Fu.ve. Feb15 2.2 7.3 0.182 60 209 239
Fu.se. Feb15 2.7 125 0.175 89 23.2
Fuwve. March15 1.55 8.1 0.167 66 225 15.2
Fuse. March15 2.1 145 048A 0171 0.199 51 223
Fuve. April13 1.1 134 0.21A 0.172 79 171 14.2
Fu.se. April13 1.63 92 061A 0.24 0.182 69 24.2
Fuve. May12 1.77 22 0.179 78 14.8 154
Fuse. May12 168 22 0.38A 0.070 0.195 55 18.6
Fu.ve. June13 BDL 23 0.182 66 156 15.7
Fuse. Juneil3 1.62 26 0.186 50 184
Fuve. July18 1.65 25 0.192 43 156 16.2
Fuse. July18 1.15 19.0 0.177 48 * 219
Fuve. Augi14 1.73 22 0.166 49 18.0 17.4
Fuse. Aug14 1.70 17.0 0.192 37 219
Fuve. Sep18 1.86 16.0 0.107 0.154 55 19.3 175
Fuse. Sep18 1.19 153 0.099 0.148 37 23.0
Fuve. Oct18 1.74 144 0.169 54 229 198
Fuse. Octi18 1.82 16.0 0.150 0.122 42 26.1
Fuve. Nov13 BDOL 113 0.106 60 16.3 19.8
Fuse. Nov13 2.1 15.2 0.150 48 20.3
Fuve. Dec19 1.8A 9.7 0.190 75 154 23.8
Fuse. Dec19 2.0 12.2 0.129 56 239
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Table 5.11.3. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus (Fu.se.)
collected in Danish waters in 1988 and 1989. (Unit: Bq kg-! dry matter)

Location Position Date ®Co 13Cs  S4Mn 1255p 14Ce 9Tc % Safinity  Species
N € 137Cs 3ICs dry matter in %a
Nysted 54°40° 11°44° Jan 13, 1988 25 0.25 185 123 Fu.ve.
-7 - Feb 15, 1988 27 0.24 16.8 92 Fu.ve.
-"- -"- March 14, 1988 26 0.26 16.8 78 Fu.ve.
- -T. April 14, 1988 32 0.25 178=17 14.2 14 Fu.ve.
- -7- May 18, 1988 45 0.25 157 96 Fu.ve.
-"- - June 13, 1988 61 0.24 138 165 88 Fu.ve.
.. 7. July 14, 1988 54 0.24 178 94 Fu.ve.
-7 - Aug 16, 1988 48 0.25 16.3 18.1 ni Fu.ve.
.. -7 Sep 19, 1988 40 0.23 16.3 107 Fu.ve.
- .- Oct 14, 1988 44 0.22 10.7 16.3 139 Fu.ve.
-%. -"- Nov 17, 1988 39 0.22 185 134 Fu.ve.
-7 - Dec 17,1988 31 058 0.22 205 140 Fuve.
-7 -"- Jan 13, 1989° 25 0.20 16.2 205 16.1 Fu.ve.
.- Feb 16, 1989 21 0.193 217 151 Fuve.
--. .. March 17,1989 26 0.20 184 11 Fu.ve.
- .. April 14, 1989 36 0.029A 0.194 18.0 169 103 Fu.ve.
-c- - May 13,1989 37 0.46 0.041 0.196 17.8 108 Fu.ve.
-7 -"- June 14,1989 a1 0.184 208 104 Fu.ve.
.- -7 July 17, 1989 51 0.186 171 191 104 Fu.ve.
- -7 Aug 15, 1989 41 0.183 172 127 Fu.ve.
- -"- Sep 19, 1989 37 0174 173 107 Fu.ve.
-7 -7 Oct 19, 1989 39 0.186 125 163 109 Fuve.
-7 - Nov 13, 1989 28 0.157 193 133 Fu.ve.
-"- - Dec 18, 1989 24 0.161 212 116 Fu.ve.
Streby
Egede 66°25° 12°15° Jan13,1988 28 32 0.29 198 115 Fu.ve.
... .- March 14,1988 34 (V] 1.7 9.0 Fu.ve.
.. -7 April 14, 1988 47 0.28 184 161 105 Fu.ve.
-°- -c- May 16,1988 1.1 59 0.27 133 8.2 Fu.ve.
.c. -". June 13,1988 72 0.28 149 14.4 78 Fu.ve.
-°- - Juiy14,1988 137 61 0.25 18.6 79 Fu.ve.
. ety Aug 16, 1988 51 0.26 131 181 99 Fu.ve.
-~ -7 Sep19,1988 1.37 42 068 0.25 17.4 10.2 Fu.ve.
-7 .. Oct 13,1988 21A 35 0.23 191 167 121 Fu.ve.
- -"- Nov17,1988 192 29 0.23 171 105 Fu.ve.
-7 -7 Dec 18, 1988°* 1.83 29 021 178 106 Fu.ve.
-7 .- Jan13,1989 160 26 022 23 175 125 Fuve.
-7 .. Feb 16,1989 1.60 29 0.199 15.1 18 Fuve.
.. -7 March 17,1989 k) 0.20 141 99 Fu.ve.
-7 -7 April 14,1989 1.10 a1 0.45 0.20 34 136 96 Fuve.
.. .. May 13,1989 085 a4 034A 0.199 15.7 102 Fu.ve.
-°. -T. June 14,1989 56 0.197 12.7 91 Fu.ve.
-t -7 July 17,1989 64 0.198 25 217 94 Fu.ve.
-7 e Aug 15,1989 1.06 as 0.184 195 10.2 Fuve.
. -7 Sep19,1989 1.01A 37 0.180 179 96 Fuve
-7 -7 Oct 19, 1989 44 0.167 1.4 178 133 Fu.ve.
-"- -7 Nov13,1989 1.09 40 017 173 10.2 Fuve.
.. Dec18,1989 0.73A 30 0.159 213 18 Fuve
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Table 5.11.3. continued

Location Position Date €Co 1205 Mn 1258k 1MCe HTe % Salinity  Species
N E 131Cs 1¢Cs dry matter in %o

Mullerup 86°30° 11*10° Jan 14, 1988 136 0.25 180 179 Fuve.
- - Feb 16, 1988 17.2 0.24 169 139 Fu.ve.
- -"- Apnil 13,1888 25 0.27 48+49 150 16.7 Fuve.
-5 -*. May 17, 1988 25 0.26 18.7 104 Fu.ve
-7 " June 14, 1988 27 0.24 34 201 130 Fuve.
-7 -"- July 15, 1988 29 0.140 0.25 12 Fuse.
- -7 Sep 20. 1988 175 024 242 205 Fu.ve.
- -7 Oct 13,1988 118 0.22A 0192 30 247 18.2 Fu.ve.

Reerse 55°31° 1107 Jan 12, 1989 143 0.196 43 184 199 Fu.ve.
-7 -7 Feb 15, 1989 143 o 18.3 186 Fu.ve.
- -"- Moerch 16, 1989 22 0.20 16.1 13 Fuve.
. -7 April 13, 1989 25 0.182 48 171 1.1 Fuve.
-"- -7 Moy 12,1989 170 0173 127 151 Fuve.
-7 -7 June13,1989 1.06A 28 0.190 171 130 Fuve.
-"- -7 July 18, 1989 30 0.196 27 206 169 Fuve.
-7 .- Aug 14, 1989 25 0.175 193 164 Fu.ve.
- -7 Sep 18,1989 30 0.156 16.2 124 Fu.ve.
-7 - Oct 18,1989 21 0175 28 220 189 Fu.ve.
- -7 Dec 19, 1989 140 0.099 188 18.7 Fu.ve.

Gilleleje 56°07' 1219 Jan 15, 1988 43 159 0.191 214 204 Fu.se.

Nakkehoved 56°07° 12°21° Feb 19,1988 1.39 ns 0.26 16.7 188 Fuve.
-7 -7 March 15,1988 2.1 133 0.22 19.7 18.1 Fu.ve.
-7 -7 Aprif 13,1988 37 17.6 024 104+=18 194 114 Fuse.
-". -7 May 16,1988 2.1 20 0.25 134 158 Fu.ve.
-"- .- June 14,1988 21 0.25 16.9 137 Fu.ve.
-7 - July 13, 1988 24 023 16.1 137 Fuve.
- -"- Aug 15,1988 22 191 0.22 53 18.6 184 Fu.ve.
-". -7 Oct 13,1988 23 154 0.20 102 19.1 224 Fu.ve.
- -7 Nov16,1988 2.1 122 0.22 0.22 204 21.7 Fuve.
-7 -"- Dec21,1988 21 135 0.182 18.7 221 Fu.ve.
-°- -"- Dec 21,198854 36 196 0.190 29 Fuse.
- -"- Jan 12,1969 123 0.180 200 208 216 Fuve.
-7 -"- March 15,1989 1.55 104 0.193 18.6 15.4 Fu ve.
7. .- Aprii 13,1989 099 120 0.19 141 151 12.2 Fuve.
-7 -7 May 12, 1989 16.9 0.21 146 15.2 Fuve.
- -"- June 13,1989 24 0.188 13.7 11.7 Fu.ve.
- e Aug 14,1988 141 189 0.160 18.1 19.0 Fu.ve.
-"- -7 Sep 19, 1989 17.7 0.168 18.1 196 Fuve.
-". -". Oct18,1988 1.60 12.2 0.169 82 232 19.0 Fuve.
- -7 Nov15,1988 24 141 0.148 17.6 17.6 Fu.ve.
-"- -7 Dec 19,1989 158 105 0.162 236 210 Fu.ve.

Svengke

Hawvn 55°05° 15°09°  May 25,1988 45 0.28 6.3 12.2 Fu.ve.
-". -"- May 30, 1989 51 0.199 14.2 Fuve.

Hesselo 55°12' 11°43 June7,1988 1.38 25 0.24 19.6 Fu.ve.
- - June7,1988 21 25 023 227 Fuse.
-7, -7 May 9, 1989 1.46 24 0.185 17.0 Fuve.
- =T May 9, 1989 1.62 22 0175 19.1 Fu.se.
<. " Oct 30,1989 1.58 1.7 0118 0135 19.9 Fuve.
- - Oct30.1989 1.39 139 0.140 2,5 Fuse.
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Table 5.11.3. continued

Location Position Date 80Co WICs  S4Mn 1235 13Cs BT % Salinity  Species
N E 137Cs 1Cs dry matter n %o

Anholt 56°43° 11°31° June9,19688 088A 187 023 194 Fu.ve.
-"- =" Nov 3. 1989 153 0N 156 Fu.ve.

Lase

Vestersby 5718 10°56° June 8, 1388 146 023 227 Fu.ve.
-"- - May 11,1989 166 101 0.152 17.2 Fu.ve.
.- -7 Nov1,1989 1.68 8.6 0.105A 203 Fu.ve.

Laese

Osterby S7T"19° 11°08° June 9, 1968 16.6 0. 149 Fu.ve.
- - Dec16.1988 196 108 0.182 17.0 Fu.ve.
-°- -"- May 11,1989 16.2 0.194 146 Fu.ve.
-* -7 Nov 2, 1989 165 10.7 ONITA 16.6 Fu.ve.

*#Nb: 0.9A Bqkg! dry weight
“*131}: 4.4 A Bq kg dry weight
41087y: 13.2 A Bg kg-! dry weight
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Table 5.11.3.C. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus (Fu.se.)
collected in Danish waters tn 1987 (corrected 1987 data from Riso-R-563)

Location Position  Date Bq8Co Bq'3’Cs 110mpagq 106Ry  134Cs % Species Salinity
N E kg-'dw. kg-'dw. '3Cs 137Cs 13Cs dry matter in %o

Nysted 54°40° 11°44° April 29 180 0.30 Fu.ve. 95
-t - May 20 36 028 133 Fuve. 104
. . June 23 37 0.29 179  Ffuve. 106
-5 -7 July 16 34 0.3 198 Fuve. 110
. -7 Aug 12 29 0.29 208 Fu.ve. 13.6
- - Sept 14 35 0.3 17.2 Fuve. 105
. . Oct 14 34 0.25 16.5 Fuve. 108
.. .. Nov 11 32 0.28 17.6 Fu.ve. 99
.- - Dec18 30 0.26 177 Fuve. 113

Stroby

Egede 65°25" 12°15° Apnl 29 43 0.33 16.5 Fu.ve. 85
- . May 20 37 0.36 141  Fuve. 91
-t - June 17 2.1 60 0.32 10.2 Fu.ve. 8.1
o - July 16 42 0.32 17.2 Fuve. 106
- - Aug 12 2.0 40 0.34 208 Fuve. 98
-7 - Sept 14 44 0.29 19.1 Fuve. 118
- . Oct 14 36 0.28 181  Fuve. 96
- - Nov 11 36 0.29 18.2 Fuve. 111
- . Dec 16 2.0 33 0.30 188  Fuve. 128

Gilleleje 56°07° 12°19° April 24 92 14.8 0.22 0.30 Fu.ve. 17.3
-7 -7 May 20 6.4 19.4 0.25 0.97 0.29 219 Fu.se. 17.2
L - June22 20 18.6 0.28 173  Fuve. 168
- g July 17 4.6 21 0.24 195  Fuse. 20.2
- -7 Aug 14 37 12.3 0.29 26.2 Fuse. 198
-7 =" Sept 14 5.9 17.7 0.23 Fuse. 167
- - Oct 16 33 18.5 0.27 215  Fuse 244
- -t Nov 12 39 115 0.58 0.3 20.7 Fuse. 208

Hesselo 56°12° 11°43 May 25 3.2 13.1 0.23 0.28 221 Fu.ve.
o g May 25 3.2 153 0.26 21.8 Fu.se.
-"- -"- Dec 14 28 14.7 0.25 343 Fu.se.

Anhoit 56°43° 11°31" May 13 20 22 0.13 0.56 0.25 21.6 Fu.ve.
- g Dec 14 14A 168 024 179  Fu.ve.

Mullerup 55°30° 11°10° April 30 1.6 202 0.13 0.33 135 Fu.ve. 15.3
2T - May 21 1.86 22 0.33 12.7 Fuve 178
R .. June 22 31 0.33 145  Fuve 187
2. - July 15 15 17.8% 0.31 253 Fu.ve. 16.7
- - Aug13 1.0A 16.3 0.30 213 Fu.ve. 17.3
. .. Sept 15 19.7 0.27 205 Fuve. 134
. - Oct15 185 0.32 220 Fuse. 126
- .. Oct15 20.4 0.28 194  Fuve.
2. - Dec 17 193 0.26 21.2 Fuve. 166

L=eso 57°18' 10°56° May 13 24 14.6 0.24 25.4 Fu.se.
-7 57°19° 11°08° May13 25 13.7 0.22 136 Fu.ve.

Svenske

Havn 55°05" 15°09° May 19 41 0.21 035 214 Fu.ve.

an238h/137Cs = 0.35
b 25Sp/137Cs = 0.25
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Table 5.12.1 A. Radionuclides in lichen collected in Denmark in 1988

Sampie Location Date 7Cs 106Ry HomAg 125S8b 13Cs =Ce kg dw
Bam-2  '37Cs I7Cs 137Cs 11Cs 1¥Cs m-2
Lichen Bornholm May 25 198 0.070A 023 088
Lichen Asserbo June 14 790 0.079 0.0019B 0.014A 028 128
Lichen Hwvide Sande June 27 3200 0.072 0074 028 0016A 114
Lichen Skagen 1 Sep 29 200 00598 024 056
Lichen Skagen 2 Sep 29 310 024 094
Lichen Skagen 3 Sep 29 220 022 0.62
Lichen
{Pseudevernia
furfuracea) Skagen Sep 29 124 0.21 038
Lichen
{Pseudevernia
furfuraceal Skagen Sep 29 206 0.25 119
Lichen
(Mypogymnia
physodes) Skagen Sep 29 64 026 040
Table 5.12.1.B. Radionuclides in lichen and moss collected in Denmark in 1989
Sample Location Date 137Cs 106Ry 125Sb 134Cs  kgd.w.
Bq m—2 137CS 137CS 137C5 m-2
Moss Arnager, Bornholm  May 30 660 0.154 390
Lichen Dueodde, Bornholm May 30 63 0.138 043
Lichen Hvide Sande June 6 1600 0.050A 0.015A 0.21 098
Lichen Skagen 1 Sep 24 310 0.179 096
Lichen Skagen 2 Sep 24 220 0.174 0.76
Table 5.12.2. adiocesium in lichen (Cladina portentosa) collected at Ousirup Heather
October 3, 1989, by Ulrik Sochting, Institute of Sporeplants, University of Copenhagen
1 37Cs 1 34CS 1 34CS °/O
Sample Bq kg-'Bq m-2 Bgkg' Bqm-2 137Cs Chernobyl
dw. dw. 137Cs
Toplayer No.1 390 560 68 97 0174
Toplayer No.2 430 610 76 107 0.175
Toplayer No.3 440 540 70 86 0.158
Toplayer No.4 360 400 59 67 0.167
Toplayer No.5 490 710 70 103 0.144
Bottom layer No. 1 164 820 1.0A B51A 0.06
Bottom layer No. 2 41 125 128 4B 0.03
Bottom layer No. 3 1566 470 118 338 0.07
Bottom layer No. 4 35 730 088 168B 0.02
Bottom layer No. 5 22 900 08A 30A 0.04
xTop =1S.D. 420+50 560=113 6961 9216 0.164=0.01 90
x Bottom =1S.D. 2611 6102315 1.0x02 27=x18 0.04=0.02 22
Top + Bottom
+1S.D. 1170337 119+24 0.102 55
Rise-R-570 155




10000 E Chernobyt E:n:w Chernobyt Ghbﬂldlo; - 10000
1 Oustrup Heatner  Qustrup Heather  Shagen Skagen | 3
1 [ A e A }
E 1000 .L_x 8. ) 4 1000
P ° A
(] FaY
- o * .
)
O w0 -{ 100
o .
@ .
A
10 |- 410
A
i " 2 " s ! ; 2 L ! . :
500 1000 1500 2000
Days after the Chernobyl accident, april 26 1986
Fig. 5.12. The ecological decay of 137Cs from Chernobyl and from global fallout (all
BICs data corrected to April 26, 1986) in Danish lichen collected at Oustrup
Heather and Skagen 1986-1990.
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Table 5.13.1.1. Radiocesium in mushrooms collected in spruce-forest in Gribskov in the north-east part of Zealand in
Denmark tn September-October 1989. (The error term is =1 S.E.) collected by Unroersity of Roskilde

Species Date 37Cs 134Cs “3Cs gKkgidw % dry
Bgkg-'dw. Bgkg'dw. '3Cs matter

Honey fungus Sept 29 268=-14(n=2) 325=16(n=2) 0121=000CIn=2) 528=11(n=2) 712=-02%n=2)

{Armillaria Oct17 278= 9in=2) 351=35in=2) 0127=0017in=2) 487201in=2) 547=127un-=2:

meliea) Oct 19 142 149 0105 694 456

Clouded agaric Sept 29 13 197 0174 726 623

{Chitocybe Oct4 626 116 0185 280 962

nebularis)

Common yeilow Oct4 640=49%(n=2} 76 =52n=2) 0118=0001 (n=2} 422=01in=2) 11732307n=2)

russula Oct 11 360 42 0117 432 514

{Russula Oct17 580 =92(n=4) 69 =10in=4) 0120=0002(n=4) 427=221(n=4) 555=044in=4}

ochroleucal Oct 18 570=41{n=2} 48 =1{n=2) 0084-0008in=2) 543=29in=2} 383=0291n=2)
Oct 30 950-134(n=2} 74 =16in=2} 0077-0006(n=2) 510=06(n=2) 419=029n=2)

The blusher Oct 11 445 46 0103 460

{Amanita Oct17 300 34 0113 442 542

rubescens) Oct 19 126 132 0104 588 339

Wood blewit Oct4 108 77 0164 524 562

{Lepista nuda) Oct 3¢ 7 587 526

Field blewst Oct13C 25 39A 0155A 776 352

{Lapisia personatal

Geomeltric mean

Honey fungus Sept29-0c119 240=114in=5) 29=118(n=5) 0120=106(n=5 _..540=107(n=5)

Ciouded aganc Sept29.0ct4 270-235%n=2) 48:243(n=2) 0179=103(n=2) 451 =161in=2)

Comemon yeliow Oct4-0ct30  600=11%n=11} 62=110n=11} 0103=106in=1T1) 460=104in=11)

russula

The blusher Oct11-0ct19  260=145in=3} 27=146in=3) 0107=103in=3) 493:z10%in=3)

Wood blew:t Oct 11-0ct 19 28=392(n=2) 177 0164 555=106(n=2)

Field biewit Oct 30 25 39A 0155A 776

Anthmetic mean

Honey fungus Sept 29-0ct 19 247:-27(n=51 30=4(n=5) 0120-0007in=5) 545-39in=5)

Clouded aganc Sept29.0ctd4 370=257in=2) 68=4Bin=5) 0180=0006tn=2) 50 =22in=2}

Common yeliow Oc14-0ct 30 640=63in=11) 65=6(n=11) 0105=0006in=11) 463=18in=11)

russula

The blusher Oct11-0ct19  292=93(n=3) 31210in=3) 0107=0003(n=3} 437:45(n=3)

Wood blewit Oct11.0ct19 57=50(n=2) 177 0164 555231(n=2)

Field blewit Oct 30 25 394 0155A 776
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Table 5.13.1.2. Radiocesium in mushrooms collected in beech 1:200d in Gribskov in the north-east part of Zealand in

Denmark in September-October 1989. (The error term is +1S.E.) collected by University of Roskilde

Species Date M Cy 1%y 132Cs gKkgldw % dry
Bqkg'dw Bqkg'dw. 137Cs matter
Honey tungus Sept 29 §5=10in=4) 201 =039in=4) 0030=0002in=4} 451=19in=4) 923=033in=4)
{Armillaria Oct11 142 348 00248 4t
mellea)
Clouded agar:c Oct4 20 25 0118 443 1832
{Clitocybe Qct 1 21=2167(n=2} 28=2{n=2) 406=75in=2) 648=-1031n=2
nebulans) Oct14 97 1 0118 356 670
Common yeliow Oct4 980 116 0119 433 18.62
russuly Oct 11 250 27 0110 419 552
{Russula Oc114 820=133(n=3) 90=15wW=3 0.110=0.006(n=3) 429=16(n=3} 532-062in=3)
ochicieucal Oct1? N0 110 0121 414 520
Oct19 1200=270In=3) 123=27(n=3) 0.104=0008(n =3} 487=02i(n=3) 439-023in=3)
Oct 30 690=280(n=20 73=33in=2) 0103=0.006in=2) 463=23in=2} 546-098'n=2)
The blusher Oct4 81 378 0.0468 411 914
{Amanita Oct 11 64 168 co248 481 426
rubescens) Ocr17 560 49 087 378 540
Oc119 43A 587 393
Wood blewit Oct 20 134 589 551
(Leprsia nuda)
Geomelnc mean
Honey tungus Sept29-0ct11 72-126in=5) 21=2126in=5 0029=107in=5) 442=104(n=5)
Clouded agaric Oc14-Oct 14 143=154in=4) 18=151in=4)} 0126=105(n=4) 398=109in=4)
Common yeliow 0Oct4-Oct 30 780=117(in=11) 85=117tn=111 0108=103in=11} 439=102(n=11)
russula
The blusher Oc14-Oct 19 106=177in=4) 66=281(n=3} 0046=144in=3) 458=-110in=4)
Wood blewit Oct20 134 589
Arithmeuc mean:
Haney fungus Sept29-0ct11 B0=-174in=5 23=04(n=5) 0029=0002(n=5) 433=17(n=5)
Clouded agaric Oc14-Octi4  187=75(n=4) 23:=93in=4) 0126=0006(n=4) 403=36in=4)
Common yellow 0Oc14-0ct30 870=117(n=11} 95=124(n=11} 0109=20003in=11} 450=10in=11)
russula
The biusher Oc14-Oct19 188:125(n=48) 18=15(n=3) 0052:0018(n=3} 4 4:46(n=4)
Wood biewit Oct120 134 589
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Table 5.13.2.1. Radiocesium in soil samples (0-S cm layer) collected in spruce-forest in Gribskotv tn the morth-east
part of Zealand in Denmark October 26, 1989 collected by Unrversity of Roskilde

133Cs 133Cs gkK
Terntory No. Bqkg-!fresh Bgm-2? Bg kg-! fresh Bgm=2 137Cs kg~ fresh
1 4 43 1140 48 128 012 263
1 5 48 1610 52 176 0.109 1.79
1 6 36 830 30 71 0.085 248
1 Arithmetic mean 42 1190 44 125 0.102 230
(n=3) S.E. 4 230 07 30 0.009 0.26
2 10 45 1080 49 117 0.108 210
2 1 42 1070 55 141 0131 092
2 12 69 23900 5.2 220 0.075 112
2 Arithmetic mean 52 1690 52 159 0.105 47
{in=23) S.E. 8 620 0.2 31 0.016 32
Geometric mean
of 1 and 2 46 1310 47 134 0.102 25
{n = 6)S.E (factor) 1.09 1.20 1.09 1.17 1.09 1.40
Arithmetic mean
of 1 and 2 47 1440 48 142 0.104 35
in=6)S.E. 5 310 04 21 0.008 1.6
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Table 5.13.2.2. Radiocesium tn soil samples (0-5 cm layer) collected in beech wood in Gribskov tn the north-east part

of Zealand in Denmark October 26, 1989 collected by University of Roskilde

137Cg 1:4Cs
Terntory No. Bqgkg-'fresh Bqm-2 Bq kg-* fresh Bqm-2

134Cs gk

WICs kg fresh

1 1 53 2100 29 113 0.055 885
1 2 45 1980 28 121 0.062 10.46
1 3 47 1800 38 145 0.081 570
1 Arithmetic mean 48 1940 3.1 127 0.066 83
(n=3) SE. 2 76 03 10 0.008 14
2 7 33 1190 36 124 0104 1.52
2 8 65 1310 84 170 0.129 093
2 9 65 2600 58 230 0.089 832
2 Anthmetic mean 55 1690 59 174 0.107 36
{n=3) S.E. 10 440 1.4 30 0.012 24
Geometric mean
of 1and 2 50 1760 4.2 146 0.083 43
{n=6)S._E ({factor) 1.10 112 1.19 1.1 114 152
Arithmetic mean
of 1and 2 51 1820 45 150 0.086 60
{(n=6)S.E. 5 210 09 18 0.011 1.6
Table 5.13.2.3. Radiocesium in soil samples collected in spruce-forest in Gribskov in
the north-east pant of Zealand in Denmark November 1, 1989 collecied by Universi-
ty of Roskilde
137Cs 134Cs 14Cs gK
Layer Bakg-! fresh Bgm-2 Bq kg-' fresh Bgm-2 131Cs kg-' fresh
0-10cm 27 1800 20 136 0.076 138
10-20 cm 59 680 0.051 59 0.0086 144
20-30 cm 20 300 BD.L. 8.D.L. 15.7
0-30cm $2780 3142
Table 5.13.2.4. Radiocesium in soil samples collected in beech wood in Gribskov in
the north-easi par1 of Zealand in Denmark November 1, 1989 collected by Universi-
ty of Roskilde
137Cs 134Cg 134Cg gk
Layer Bgkg-! fresh Bg m-2 B8q kg-! fresh Bgm-2 137Cg kg-! fresh
0-10 cm 22 2600 1.3A 149 A 0.058 133
10-20cm 097 161 8.D0.L. 8.0.L 16.0
20-30cm 047 79 BOD.L. B.D.L. 16.6
0-30cm X 2800 T149
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6. Strontium-90 and Radiocesium in
Humans

6.1. Strontium-90 in Human Bone
(by A. Aarkrog)

Tables 6.1.1-€.1.6 A & B summarize the results from 1988 and 1989. The levels
are decreasing for all age groups with an effective halflife of about 4 years
(1985-1989).

6.2. Radiocesium in the Human Body
by B. Lauridsen and J. Segaard-Hansen

Whole-body measn-ements of radiocesium were initiated at Risp in July 1963
(cf. 2.3 in Risp Report No. 85). The initial program stopped in 1977 due to
very low body contents. The Chernobyl accident resulied in elevated radio-
cesium levels in foodstuff and the whole-body measurements were resumed in
September 1986.

The new control group comprises a large fraction of the old supplemented
with a few newcomers. In total there are about 20 persons in the group
including 2 children.

Results from the early whole-body measurements are shown in Fig. 6.2.1.
The figure shows the average yearly Bq 137Cs (kg K)! contents (= 1S.E.) in
the period 1963 to0 1977. The measurements are compared with calculated
values based on foodstuff data For comparison the average values for 1986, -
1987, 1988 and 1989 are given.

In Fig. 6.2.2 the measured mean values of 134Cs + 137Cs body content are
shown for men, women and children. The figure, furthermore, shows the
calculated levels based upon estimated intake of radiocesium with food. In
Fig. 6.2.2 persons in the control group were omitted if they have been on
official travel 10 countries with relatively high contamination levels. The
measured body contents in 1989 are now well below the 1987 peak values and
are approaching the pre-Chernobyl level. The calculated levels appear to be in
good agreement with the observed values. The mean concentration in 1988
was 1250 Bq 1#Cs + 137Cs/kg K) (rel. S.D.: 27%). The mean concentration in
1989 was 555 Bq 134Cs + 37Cs/(kg K) (rel. $.D.: 12%).

6.3. Radionuclides in Human Milk
(by A. Aarkrog)

The mean concentrations in human milk were 0.099 =0.017 Bq 137Cs I-! and
0.0020 = 0.0004 Bq %0Sr I-1, 84% of the 137Cs was from Chernobyl. Compared
with the diet levels measured in Zealand in June and December 1988, we
found that 29% of the daily intake of 37Cs and 1.4% of the %3r were excreted
in 11 of human milk. These observations are compatible with those made
earlier for global fallout (Aarkrog 1979).
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6.4. Human Urine

Since the last quarter of 1987, when the maximum 3°Cs level in human urine
from Rise occurred (660 Bq 137Cs (kg K)¥) the concentrations have decreased
with an effective haiflife of 0.75 years. This decrease is in agreement with that
observed for wholebody measurements (¢f. 6.2).

The ratio between the annual mean values of Bq 13°Cs (kg K)-! in body and
urine was 3.1 in 1988 and 2.9 in 1989. The maximum of ¥Cs in urine and
body occurred approximately 0.5-1 year after the maximum in diet.
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Table 6.11.A. Strontium-90 in vertebrae from newborn children
(< 1month old) in 1988

Zone Agein  Monthof Sex BqlkgCa)’
days death

ll 27 4 M 19.6

Table 6.1.1.B. Strontium-90 in vertebrae from newborn children
(< 1 montk old) in 1989

No samples

Table 6.1.2.A. Strontium-90 in bone from infants ( < 4 years) in 1988

Zone Agein  Monthof  Sex Bq (kg Ca)-?
months death

] 8 4 F 28
i 3 4 F 23
i 1 4 M 18.0
v 8 4 M 338

Table 6.1.2.B. Strontium-90 in bone from infants ( < 4 years) in 1989

Zone Agein Monthof Sex Bg (kg Ca)!
{Lccation) months  death

Jutland 3 8 F 1158

Table 6.1.3.A. Strontium-90 in bone from children and teenagers (< 19 years)

in 1988

No samples.

Table 6.1.3.B. Strontium-90 in bone from children and teenagers ( < 19 years)

in 1989
Zone Agein  Monthof Sex Bg(kg Ca)?
years death
il 15 5 M 17.0
Vi 6 6 F 18.0
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Table 6.1.9.4. Strontium-90 in vertebrae from adults (< 29 years) in 1988

Zone Agein  Monthof Sex  Bg(kgCa)!

years death
H 28 9 F 16.6
i 23 9 M 124
I 23 9 M 11.6
Vi 20 5 M 23
Vi 29 5 M 158

Table 6.1.4.B. Strontium-90 in vertebrae from adults (< 29 years) in 1989

Zone Agein Monthot Sex  Bqikg Ca)!
(Location) vyears death

] 20 6 M 12.0

] 21 6 M 11.3

Vi 24 1 M 111
Jutland 23 5 M 14.1
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Fig. 6.1.4. Strontium-90 levels in bone from adults (> 19 years <29 years) 1960-
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Table 6.1.5.A. Stronttum-90 in vertebrae from adults (> 29 years) in 1988

Zone Agein Monthof  Sex Bq (kg Ca)!
years death

I 32 4 M 16.5

[ 60 9 M 20

i 73 4 M 24

| 74 9 M 3

| 81 4 M 24

] 36 9 F 22

1l 38 4 F 34

i 46 4 F 17.6

i 49 4 F 25

[} 51 4 F 24

N 63 4 F 144

i 32 4 M 143

i 37 9 M 20

i 53 10 M 19.6

I 57 9 M 183

I 67 4 M 106 -

| 57 10 M 18.5

v 75 4 M 33

Vi 47 4 F 2

Vi 50 5 F 19.9

Vi 53 4 F 21

\| 56 4 F 20

Vi 58 12 F 10.1

\' 65 4 F 22

\ 35 4 M 14.8

\! 49 4 M 14.7

Vi 54 12 M 1.3

Vi 56 4 M 13.3A

Vi 63 4 M 15.0

Vi 66 4 M 20
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Fig. 6.15. Strontium-90 levels in bone from adults ( > 29 years) 1960-1989).
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Table 6.1.5.B. Strontium-9Q in vertebrae from adults ( > 29 years) in 1989

Zone Agein Monthof Sex Bq (kg Ca)-’
{Location) vyears death
I 55 10 F 14.2
| 70 10 F 29
| 85 10 F 25
| 60 6 M 14
i 56 1 F 32
1] 73 6 F 24
It 85 10 F 19.6
] 39 10 M 17.6
] 60 10 M 10.8
] 70 10 M 138
] 79 9 M 36
]] 52 5 F 17.7
] 80 5 F 25
]} 70 10 M 145
v 84 5 F 20
vi 30 1 F 15.8
vi 42 6 F 18.4
Vi 43 6 F 74A
Vi 44 6 F 21
Vi 52 6 F 124
vi 67 6 F 118
vi 34 6 M 1.7
vi 43 6 M 198
Vi 43 6 M 26
vi 45 1 M 124 A
Vi 54 1 M 10.7 A
Vi 54 6 M 14.4
Vi 56 6 M 170
Vi 66 6 M 23
Vi 66 6 M 146
Vi 67 1 M 8.1
Vi n 1 M 21
Vi 77 1 M 21
Vi 78 1 M 698
Jutland 35 6 F 15.2

" 39 10 F 17.3

" 42 6 F 19.8

" 43 10 F 13.1

" 40 10 M 19.7

47 10 M 24

" 52 5 M 92

" 57 10 M 16.6

" 59 5 M 15.7

65 6 M 19.0
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Table 6.1.6.A. Sronttum-90 in human vertebrae collected in Denmark in 1988.
(Unit: Bq (kg Ca)-1)

Age group Numberof Min. Max. Median Anthmetic Geometric

samples mean mean
New-born
{< 1 month) 1 196 196 196 19.6 196
infants
{< 4 years) 4 180 33 26 26 25
Children
(< 19years) 0 - - - - -
Adults
{< 29 years) 5 116 23 158 16.0 155
Adults
(> 29 years) 30 101 34 200 19.7 189

Table 6.1.6.B. Strontium-90 in human vertebrae collected in Denmark in 1989.
(Unit: Bg (kg Ca)-1)

Age group Numberof Min  Max. Median Arithmetic Geometric
samples mean mean

New-born

{< 1 month) 0 - - - - -

Infants

(< 4 years) 1 115 11.5 115 115 115

Children

{< 19years) 2 170 180 175 175 175

Aduits

(< 29 years) 4 111 141 116 121 12.0

Aduits

{> 29 years) 44 69 36 17.2 177 16.6
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Table 6.2 A. Radiocesium (134 +131Cs) in humans from Risp and environment

measured in 1988
No. Date Sex Age BqCs(kgKl' gKikg)!
2 February 2 F 44 3172 2.2
2 March 21 F 44 1834 2.04
2 April 18 F a4 1679 214
2 May 9 F a4 1505 1.87
2 June 15 F 45 1673 1.88
2 July 13 F 45 1387 1.82
2 October 10 F 45 1000 21N
2 Nrvember11 F 45 1089 1.89
2 December12 F 45 730 2.01
3 February 11 F 55 1817 1.56
3 March 21 F 55 1003 1.87
3 Apnl 13 F 855 932 1.94
3 May 16 F 55 1184 1.78
3 June 20 F 55 1036 184
3 July 19 F 55 1577 1.91
3 August 11 F 55 1850 1.82
3 October 11 F 55 2821 194
3 November22 F 55 2473 2.02
3 December13 F 56 2551 1.88
4 February 8 M 55 2787 1.78
4 March 15 M 514 2322 1.80
4 April 14 M 55 2027 1.80
4 May 16 M 55 1829 1.69
4 June 15 M 55 1691 1.65
4 July 19 M 55 1448 1.85
4 August 16 M 55 1351 184
4 November14 M 56 1405 211
4 December15 M 56 915 2.05
6 May 11 M 56 1486 1.79
6 June 15 M 56 1366 1.73
6 July 18 M 56 1133 1.86
6 August 10 M 56 909 1.87
6 October 6 M 56 1125 204
6 November15 M 56 890 1.96
6 December12 M 57 709 1.99
7 February 16 F 48 2197 1.66
7 March 16 F 48 1316 1.56
7 April 13 F 48 1458 1.59
7 June 14 F 48 1140 1.70
7 July 13 F 49 1091 1.70
7 August 12 F 49 1343 1.68
7 October 12 F 49 901 1.81
7 November11 F 49 1109 1.83
7 December12 F 49 878 1.94
9 February 9 F 59 1788 1.74
9 Aprit 12 F 59 1207 1.65
9 May 13 F 59 886 1.64

—
~3
~
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Table 6.2_4. (continued)

No. Date Sex Age BqCsikgK)' gKilkg)’
2 June 17 F 60 918 1.74
9 July 15 F 60 791 159
9 October7 F 60 718 1.85
9 November 10 F 60 524 1.75
9 December12 F 60 493 205
11 February 10 F 51 2097 156
1 March 23 F 51 1877 1.61
11 April12 F 51 1574 1.36
n May 9 F 51 1507 148
1 June 22 F 51 1530 139
11 August! F 51 869 164
1 October11 F 51 956 167
1 November 14 F 51 621 160
1 December13 F 51 556 176
13 December19 M a1 496 269
14 February 9 M 45 1468 236
14 March 18§ M 45 1045 209
14 Apnii3 M 45 1026 213
14 May 9 M 45 1042 216
14 June 15 M 45 924 224
14  August16 M 45 823 2.26
14 October13 M 45 644 252
14 November 15 M 46 609 261
14 December12 ™ 46 534 1.99
15 February 10 F 46 2311 1.70
15 March 25 F 46 2223 1.64
15 April 12 F 46 1530 1.48
15 May 11 F 47 1527 1.61
15  June16 F 47 1543 156
15  July18 F 47 1352 152
15  October10 F 47 1281 163
15 November 16 F 47 1185 1.67
15  December15 F 47 917 mn
17 February 16 M 28 1406 236
17  April 22 M 29 995 207
17 May1? M 29 991 218
17 June 2\ M 29 946 242
17 July18 M 29 964 231
17  August9 ™M 29 890 243
17 October 11 M 29 748 265
17 November 7 M 29 615 261
17 December19 M 29 261 250
18  February 11 F 52 1250 1.55
18  March 18 F 52 792 1.44
18 April 20 F £2 1091 152
18 May 10 F 52 1340 1.46
18 Jueld F 52 881 167
18 July15 F 52 960 1.62
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Table 6.2 A. (conttnued)

No. Date Sex Age BqCsitkgK)' gKikg)'
18  August 11 F 52 765 1.72
18 October 11 F 52 723 184
18 December18 F 52 357 1.96
19 February 16 F 49 1674 1.66
19 March 23 F 49 1198 1.80
19 Apnl 11 F 49 893 1.81
19 May10 F 49 953 155
19  June2l F 49 1124 1.79
19  August 10 F 49 883 1.7
19 October12 F 49 664 297
19 November16 F 49 672 185
19 December9 F 49 561 185
20 February5 M 45 1113 213
20 March 18 ™M 45 1110 185
20 Apni13 M 45 1304 1.89
20 May10 ¥ 45 1327 1.72
20 Juneil4 M 45 1105 182
20 August 16 M a5 1168 1.89
20 October13 M 45 1025 206
20 November9 M 45 841 227
20 December8 M 46 1274 223
22 February 11 F 6 2282 335
22 March 22 F 6 1911 299
22 Apnl20 F 6 803 2.28
22 Mayn F 6 761 2951
22 June24 F 7 736 247
22 Augustis F 7 858 247
22 Octoberisg F 7 857 270
22 November24 F 7 651 249
22 December19 F 7 751 292
24 February 22 F 13 2462 1.9
24 March 23 F 13 1850 197
24 May10 F 13 1553 1.65
24 Junel4 F 13 924 190
24  August12 F 13 91€ 174
24 October? F 13 731 209
24 November22 F 13 538 185
24 December13 F i3 425 216
25 February 10 M 1 2553 2.20
25 March 16 M 1 1150 1.69
25 Apri13 M 1 1172 1.76
25 May10 M 11 1265 1.56
25 Juneld M 12 981 174
25 August12 M 12 844 184
25 October 11 M 12 977 206
25 November24 M 12 512 200
25 December7 WM 12 551 213
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Table 6.2 4. (conrtnued)

Nc.  Date Sex Age BSgClsikgX' gXigH'
27 February 8 M 46 2842 1.77
27 March 15 M 46 2082 1.76
27  Aprili8 M 46 1807 167
27 May13 M 46 1463 162
27 Juneld M 46 1383 1.75%
27 July 14 M 46 1198 1.68
27 October 13 M 47 914 1.9
27 Novemberi8 M 47 767 1.89
27 December§ M 47 977 2.00
N May 17 M 73 1353 157
31 June 14 M 73 1118 188
31 July 21 M 73 988 1.79
31 August9 M 73 1106 1.86
31 October 11 M 73 1187 204
31 November24 M 73 856 132
38 March 21 M 9 1289 233
38 Apni 18 M 9 1283 217
38 May9 M 10 917 262
38 Junel4 M 10 930 231
38  August1d M 10 826 235
38 October 10 M 10 749 254
38 Novemberil M 10 661 252
38 Decemberi2 M 10 821 277
Mean* February 1988 2015=170

March 1988 1530=165

Apnil 1988 1350=100

May 1988 1315= 70

June 1988 1225= 75

July 1988 1170= 75

August 1988 1090=100

September 1988 -

October 1988 1050= 40

November 1988 975=135

December 1983 785=140

*Monthly mean values (adults only) 134+ 13’Cs Bq (kg K)-' =1 SE.

An approximate estimate of the 13’Cs content may be obtained
by multiplying the Bq Cs (kg K)-' with 0.78
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Fig. 6.21. A comperison berwoeen observed (+1 S.E.) and colculated (Aarkrog
1979) Bq B7Cs (kg K)-! levels tn persons from Zealand.

Fig. 6.22. Radiocestum in Danish mex, women and children from Zealand in
I1986-1989. The curves represent the calculased levels based upom colculated diet
MERSATEMERLS.
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Table 6.2.B. Radiocestum (13: +137Cs) in humans from Ris¢ and environment mea-

sured in 1989
No. Date Sex Age BqgCstkgK)' gKi(kg)’
2 January 20 F 45 619 2.19
2 March 3 F 45 655 2.04
2 May 22 F 45 557 203
2 July 11 F 46 488 2.05
2 September21 F 46 368 2.58
3 March 20 F 56 1747 1.91
3 Way 23 F 56 1554 1.95
3 July 19 F 56 1183 1.78
4 January 18 M 56 1138 1.63
4 March 14 M 56 744 1.93
4 July18 M 56 706 1.78
4 September26 M 56 657 2.02
6 January 19 M 57 484 144
6 March 16 M 57 457 1.97
6 May 19 M 57 409 1.87
6 July 18 M 57 470 1.82
6 September21 M 58 419 2.14
7 January 20 F 49 752 1.47
7 March 13 F 49 349 2.03
7 May 19 F 49 472 1.90
7 July 26 F 50 832 2.33
7 Sepiember27 F 50 320 1.91
9 January 17 F 60 644 1.25
9 March 15 F 60 438 1.82
9 May 25 F 60 582 1.84
9 July 19 F 61 522 1.80
9 September27 F 61 694 1.92
1 January 19 F 52 524 1.42
1 March 14 F 52 556 1.70
1 May 30 F 52 497 1.66
1 July 26 F 52 504 1.75
14  January 18 M 46 524 1.99
14  March14 M 46 366 2.40
14 May24 M 46 509 2.53
14 July 19 M 46 355 2.36
14  September22 M 46 34 2.53
15  January 19 F 47 955 1.29
15  March13 F 47 583 .65
15  May 29 F 48 749 1.52
15 July17 F 48 651 1.64
15  September29 F 48 644 1.53
17  January 23 M 29 376 2.13
17 March 28 M 29 420 2.61
17 May 22 M 30 282 262
17 July 1 M 30 254 265
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Table 6.2.B. (continued)

No. Date Sex Age BqCs(kgK)y! gKi(kg)!
17 September25 M 30 116 278
18  January 18 F 52 311 1.60
18 March 15 F 53 375 1.78
18 May22 F 53 348 1.80
19  January 20 F 50 477 1.53
19 March 15 F 50 350 1.83
19 May 24 F 50 521 1.73
19  July26 F 50 445 1.81
19  September22 F 50 298 2.06
20 March 21 M 46 393 1.96
20 July17 M 46 635 1.88
20 September26 M 46 438 2.00
22 January 19 F 7 346 2.36
22 March 21 F 7 599 2.39
22 May 25 F 7 498 273
22 July26 F 8 396 2.84
22  September27 F 8 86 3.21
24  February 2 F 14 442 1.68
24 March 16 F 14 758 1.87
24  June1 F 14 502 2.01
24 September 26 F 14 335 2.06
25 January 17 M 12 448 1.51
25 March15 M 12 592 1.94
25 May30 M 12 517 1.78
25 September25 M 13 319 1.85
27  January17 M 47 570 1.25
27 March 16 M 47 359 1.86
27 May?29 M 47 365 1.86
31 March 20 M 74 564 2.14
31 September21 M 74 546 1.94
38  January 30 M 10 488 2.25
38 March 13 M 10 351 252
38 May1 M 11 450 2.25
38 September22 M 1 294 2.49
Mean* January 1989 615+ 70

March 1989 557+ 90

May 1989 575> 95

July 1989 ~ 587+170

September 1989 440+ K5

*Monthly mean values (adults only) 134+ 137Cs Bq (kg K)-' =1 S.E.

An approximate estimate of the '37Cs content may be obtained
by multiplying the Bq Cs (kg K)-! with 0.83
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Fig. 6.4. Radiocesium (Bq 137Cs (kg K)~! in diet, urine, and humans from Zealand
in 1986-1987. (The human data were calculated from whole-body measurements of
(B4Cs + 137Cs) by multiplication with 0.67 in 1986, 0.72 in 1987, 0.78 in 1982 and
0.83 in 1989.
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Table 6.3. Radiocesium and %0Sr in human milk collected in Himmelev near
Roskilde in 1988-1989. Donor born tn 1945, child born December 24, 1987

Period Bq13’7Cs Bq'37Cs 138Cs Bq9%Sr Bqg9%0Sr
I-1 (kgK)y' 13Cs -1 (kg Ca)’
Aug 10-Sep 7 1988 0121 280 021 0.00177 6.4
Sep 7-Oct 6 1988 0.110 260 0.23 0.00180A 70A
Oct 7-Nov 6 1988 0.C33 220 023 0.00185 7.3
Nov 7-Dec 2 1988 0.094 220 0183 0.0027 A 10.3A
Dec 6-Jan 121989 2076 183 o2 0.00178 69

Table 6.4. Radiocestum in urine samples from a control group at Rise. 1988-1989

Date 40K Bq '37Cs 134Cs
g -1 {kg K)-' 137Cs

January 1988 2.20 420 0.29

April 1988 0.89 270 0.33

July 1988 1.46 320 0.16

October 1988 1.59 250

January 1989 1.43 193

April 1989 1.83 165

July 1989 0.79 138

October 1989 1.29 102
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7. Tritium in the Environment
by Heinz Hansen

7.1 Introduction

Triuum is produced naturally in the atmosphere by the interaction of cos-
mic-ray protors and neutrons with nitrogen, oxygen or argon. Surface waters
contain about 0.4 kBq m-3 from this source (UNSCEAR 1982). Tritium is also
produced and injected into the stratosphere as the result of thermonuclear
explosions. At present, this latter source has enhanced the natural inventory
by about a factor of ten (UNSCEAR 1982). Finally, tritium is produced as a
by-product of the peaceful uses of atomic energy: it is released both during
reactor operation and fue] reprocessing.

7.2. Assay of Tritium in Low-Level Amounts

The present assays of tritium levels in water are based on a relative enrich-
ment of 3H,0 by electrolysis and subsequent liquid scintillation counting as
previously described (Risg Reports Nos. 386 etc. (Riso Reports 1957-1989)).

We have found that the tritium background in the air in our laboratory
makes it impossible to produce reliable results if the concentrations are below
2 kBq m-3. (Persocal Communication G. Ostlund, 1984). Previously we have
applied a constant backg-ound correction by subtraction of 1.2 kBq 3H m-3
from our measured values (cf. Appendix in Risp-R-527) (Rise Reports 1957-
1989). This is not done any ionger. Instead a blank is foliowing the samples
analysed and the 3H level in this blank is used for the correction.

7.3. Summary of Results

The tritium results are shown in detail in the chapters where the samples
belong.

Tables 4.2.3 and 4.2.4 give the results for precipitation. The annual mean
concentrations in rain in 1988 were: 4.4 kBq m-3 at Risg, 2.5 at Tylstrup, 2.3
at Jyndevad, and 3.2 at Bornholm. In 1989 the levels were 6.8, 2.3, 2.2, and 2.6,
respectively. The enhanced tritium levels at Risg were due to discharges of
the DR 3 reactor at the site. The median concentration of tritium in Danish
ground water (cf. Table 4.3.1) was 1.4 kBq 3H m-3 in 1988 and 1989.

The tritium concenrtrations in Danish streams and lakes were 2.4 and 2.4
kBq m-3, respectively (Tables 4.3.2.1 and 4.3.2.2). Danish drinking water
contained 1.8 kBq 3H m-3 in 1989 (Table 4.3.3.1).
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8. Measurements of Background
Radiation in 1988 and 1989

by L. Botter-Jensen and S.P. Nielsen

8.1. Instrumentation

Measurements of the background radiation were made with thermolumines-
cence dosimeters (TLD’s), and a Nal(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.A and B. The results of the
Nal(T1) detector measurements are shown in Table 8.2.2.A and B.

The y-background measured with the Nal(T1) detector in four groups of
sampling stations is shown in Fig. 8.2.1 from 1962 10 1989.

8.3. Risg Environment

The five zones around Rise are located as shown in Fig. 8.3.1. The resulis of
the TLD measurements are shown in Table 8.3.1.A and B, and the results of
the Nal(T]) detector measurements are shown in Table 8.3.2.A and B.

8.4. Gylling Nas Environment

The Gylling Nas environment is routinely monitored with TLDs, and the
results from the site are given in Table 8.4.1.A and B. The locations are shown
in Fig. 8. 4.1.

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 routinely monirrred with TLDs; the results
and locations are shown in Table 8.5.1.A and B ai:.. Fig. 8.5.1, respectively.

8.6. The Baltic Island of Bornholm

Locations on t* ¢ island of Bornholm have been monitored with TLDs in the
period May 1987 - April 1988 and May 1988 - May 1989. The results and
locations are shown in Tabie 8.6.1.A and B and Fig. §.6.1, respectively.
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Table 8.2.1A. TLD-measurements of the background radwation (integrated over 12
months and normalized 1o uR h-%) a1 the State experimentai farms in 1987/88

Location Oct 1987 - Oct 1988
uR h-?
Tyistrup 73
Borris 7.1
Adum 65
Askov 78
St. Jyndevad 6.2
Blangstedgard 82
Tystofte 83
Abed 89
Mean 75

Table 8.2.1. B. TLD-measurements of the background radiation (integrated over 12
months and normalized 10 pR h-1) at the State experimental farms in 1988/89

Location Sept 1988 - Sept 1989
pR h-1
Tylstrup 75
Borris 7.1
Bdum 6.7
Askov 79
St. Jyndevad 6.2
Blangstedgird 8.1
Tystofte 84
Abed 8.7
Mean 76
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Table 8.2.2.A. Terrestrial exposure vates at the siate experimental farms measured
with the Nal(T1) detector in 1988 (0.R k)

Location March August December Mean
Tyistrup 31 30 29 30
Borris 30 30 31 3.0
Kale 41 38 37 39
Askov 37 36 36 36
St. Jyndevad 25 18 18 20
Arsiev 48 a8 48 a8
Ledreborg 45 49 48 47
Tystofte 48 53 52 51
Abed 49 57 55 54
Mean 39 40 39 40

No measurements at Tornbygard in 1988

Table 8.2.2.B. Terrestrial exposure rates at the siate expenimental farms measured
with the Nal(T1) detector in 1989 (uR k7)

Location March July October Mean
Tylistrup 28 33 33 3.2
Borns 33 34 34 34
Kalo 35 37 38 3.7
Askov 36 38 37 37
St. Jyndevad 24 22 23 23
Arsiev 45 47 45 46
Ledreborg 48 46 52 48
Tystofte 5.1 46 49 49
Abed 5.4 49 50 51
Tornbygard (6.0) 60* (6.1) 6.0
Mean 41 41 42 4.2

Figures in brackets were calculated from VAR3 (Vestergaard 1964).

*Measured May 30.
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Fig. 821 Terrestrial exposure rates a1 the State experimental farms in 1962-1976
and 1978-1989 measured with the NaI(T1) detector (uR k).

wee Ahirkeby/Tornbygdrd

— Abed, Blangstedgdrd/Anlev, Tystofie

e Virumgdrd/Ledreborg, Odum/Kale, Tylstrup

—-+—  Jyndevad, Askov, Studsgdrd/Borris

Fig. 8.3.1. The environment of Rise. Locations for measurements
of the background radiation.
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Table 8 3.1A. TLD-measurements of the background radiation (mear of 2 x 6
months iniegranion periods and normalized 10 pR k) in froe zones (I-1) around
Riso in 1987,38

Riso zone Location Oct87-0c188
kR h-!

8.2
93
224
€6
1.7

DHWN =

Mean 120

75
82
75
80

HWN =

Mean 78

87
83
80

WN =

Mean g3

<

75
86
82
72
6.9
79
91

<<

<

<< <
NOOULWN =

<

79

g
o
3

81
94
9.0
75
83
81
9.1
96
9.2
81

LKL <LK <K<K KKK
LN WN =

—

Mean 8.6
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Tebie 8.3 1.B. TLD-measurements of the background rodietion (12-month tniegra-
nion persod and normalized 10 R k-)) in five zones (I-1) around Riso in 1988/89

Riso zone Locatton Oct188-0ct89
p.R h-1

78
9.0
209
85
10.7

N hWN -

Mean 114

7.7
83
74
78

HWN =

Mean 78

82
80
77

WA~

Mean 79

71
82
89
7.1
6.5
76
89

v

v

v

<
NOOAWN=

Mean 78

7.8
87
87
78
82
8.1
85
9.2
9.0
76

<c<<<c<<<<<<
COUDNOY B W =

-

Mean 84
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Table 8.3.2 A. Terrestnal exposure rates at the Riso zones in 1988 measured twith the
Nal(T1) detector (p.R k)

Risezone Location January Apnil August  October

I 1 54 53 55 58
| 2 65 69 75 74
{ 3 70 78 70 73

| 4 54 54 60 59
I 5 11.2 108 110 11.2
Mean 19.7 21 20 21

| 1 44 42 46 44
] 2 s0 50 5.4 52
1] 3 42 43 45 46
It 4 42 44 48 45
Mean 44 45 48 47
1] 1 53 52
]} 2 47 54
in 3 41 42
Mean 47 49
v 1 43 4.3
v 2 47 47
v 3 48 48
v 4 45 45
v 5 38 34
v 6 39 38
v 7 47 44
Mean 44 43
\'4 1 46 44
Vv 2 56 58
v 3 a7 52
v 4 47 52
v 5 52 55
v 6 56 54
\"J 7 44 42
VvV 8 44 42
v 9 50 49
v 10 43 38
Mean 48 49
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Tabie 8.3.2.B. Tarresinel exposure rates ot the Riso zones 1x 989 measured vk the
NaliTh &esscsor (pRE D)

Rise zone Location January  Aprl July October
1 1 53 59 60 54
1 2 68 74 7.2 71
i 3 72 68 70 74

| 4 55 58 53 53
I 5 108 111 110 114
Mean 20 19.€ 20 21

[} 1 42 43 46 46
[ 2 52 5.1 52 50
]| 3 48 47 4.2 41
H 4 44 46 4.7 43
Mean 46 47 4.7 415
n 1 2 ) 57
] 2 50 5.1
n 3 43 40
Mean 48 49
v 1 44 44
v 2 46 48
v 3 50 46
v 4 45 42
v 5 31 42
v 6 39 39
v 7 46 45
Mean 43 44
\") 1 44 486
\"4 2 54 49
Vv 3 49 5.2
Vv 4 5.0 5.3
Vv 5 55 54
\'4 6 52 49
Vv 7 43 57
\") 8 41 43
\"J 9 44 47
\'4 10 4.1 37
Mean 47 48
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ground radiation.
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—able 8.4.1 A. TLD-measurements of the background radiation (integrated over
12 months and normalized 10 pR k-!) at the Gylling Nas site in 1987/88

Location Oct 1987 - Oct 1988
pR h-?

1 8.5

2 -

3 89

Mean 87

Table 8.4.1.B. TLD-measurements of the background radiation (integrated over
12 months and normalized 10 pR h-!) at the Gylling Nas site in 1988/89

Location Oct 1988 - Oct 1989
pR h-?

1 85

2 -

3 8.6

Mean 86

Table 8.5.1.A. TLD-measurements of the background radiation (integrated over
12 months and normalized to pR h-!) along the coas:s of the Grear Belt and
Langeland Belt in 1987/88

Location Oct 1987 - Oct 1988
pR k-1
Rosnas 80
Reerso 9.1
Svendstrup 78
Vesternaes 86
Frederiksdal 89
Keids Nor 10.2
Tranekaer 84
Hov 8.0
Fyns Hoved 83
Knuds Hoved 10.7
Mean 89
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Fig. 8.6.1. Locations for measurements on Bornholm.
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Tobie 8.51B. TLD-measurements of the background radianon (imntegrated over 12
months and normalized 10 pR k1) elong the coasts of the Great Belt and Langeland
Belt i 1988/89

Location Oct 1988 - Oct 1989
pRh-?
Resnaes 75
Reerso 85
Svendstrup 74
Vesternaes 81
Frederiksdal 8.2
Kelds Nor 95
Tranekaer 82
Hov 85
Fyns Hoved 81
Knuds Hoved 100
Mean 84

Table 8.6.1 A. TLD-measuremeus of the background radiation (integrated over 12
months and normalized 10 pR k-!) on the island of Bornholm in 1987/88

Location May 1987 - April 1988
pR h!

1 97

2 9.7

3 8.6

4 171

Mean 13

Table 8.6.1.B. TLD-measuremenis of the background radiation (integrated over 13
months and normalized 1o wR k-1) on the island of Borholm in 1988/89

Location May 1988 - May 1989
pRh-?

95
94
9.7
15.1

s WA =

Mean 109
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9. Conclusion

9.1. Environmental Monitoring at Risg, Barsebick, and
Ringhals

No radioactive contamination of the environment originz:ing from the opera-
tion of Riss National Liboratory was ascertained outside its boundaries in
1988 and 1989.

Benthic brown algae, mussels, and fish collected at the Swedish nuclear
plants at Barseback and Ringhals were analysed for radioactive pollution.
Transfer factors from releases of various radionuclides 1o Fucus were calcula-
ted. The radioactive contamination of the marine ervironment gue to the
operation of the Swedish nuclear power plants resulted in 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 Sr in air collected in 1988 and 1989 were 0.15 and 0.1
nBq m-3, respectively. This corresponds 10 an effective halflife since 1987 of a
little less than 1 year.

The mean concentrations of 37Cs in air from 1988 and 1989 were 2.5 and 1.6
rBq m-3, respectively, also corresponding to an effective halflife since 1987 of
about ] year.

The depositions of %°Sr at the ten State experimental farms in Denmark
were ] Bq m-2 in 1988 and 0.5 Bq m-2 in 1989 corresponding to an effective
halflife since 1987 of 1.5 year. The corresponding depositions for 137Cs were 12
and 3.5 Bq m-2 and the halflife was 0.7 year.

Since 1987 the ¥7Cs concentrations in Danish streams and lakes have de-
cayed with effective halflives of 1.8 and 2.7 years, respectively.

The concentrations of %Sr and 37Cs in the surface sea water of .nner
Danish waters have been nearly unchanged since 1987, i.e. about 17 Bq %Sr
m-3and 81 Bq ¥’Cs m-3.

9.3. Fallout Nuclides in the Human Diet

The mean concentrations in Danish milk were 0.06 Bq %951 1-! and 0.20 Bq
B37Cs |- in 1988 and in 1989 the levels were 0.056 and 0.13, respectively. The
effective halflife of %Sr in Danish milk was 10 years and of Chernobyl 137Cs it
was 1 year, while for global fallout 37Cs it was 6 years.

Danish grain from 1988 contained 0.34 Bq %°Sr kg-! and 0.12 Bq 137Cs kg
the corresponding figures for 1989 were 0.34 and 0.09, respectively. The effec-
tive halflife of 9Sr in Danish grain is 10-15 years. Global fallout 37Cs in
Danish grain has decayed with a halflife of i2 years and Chernobyl 37Cs with
about S years halflife.

Danish vegeiables (cabbage and carrots) contained 0.2-0.3 Bq %Sr kg-! and
0.03 Bq ¥7Cs kg-! in 1988 and 1989. Potatoes showed mean concentrations of
0.03 Bq 995r kg! and 0.07 Bq 1¥7Cs kg-!.

The intakes of Sr with 1otal diet were 0.16 and 0.15 Bq d-! in 1988 and
1989, respectively and the corresponding 137Cs intakes were 0.46 and 0.33. The
effective halflife of Chernobyl B7Cs in Danish total diet is 3 years, while
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ghobal fallout 3°Cs decays with approx. 5 years halflife. Swoaiium-90 has
decayed with an effective halflife similar 10 the radic'ogical halflife.

9.4. Strontium-90 and Cesium-137 in Humans

The %Sr mean content in adult human bone (vertebrae) collected in 1988 was
20 Bq (kg Ca)! and 1n 1989 the Jevel was 17.

Wh.le-body measurements of 37Cs were resumed after the Che-nobyl acci-
dent. The measured mean level in 1988 was 980 Bq 37Cs (kg K)-! and in 1989
the mean was 460, i_e. the effective halflife of Chernobyl Y/Cs in humans was 1
year.

9.5. Tritium in Environmental Samples

The tritium mean concentrations in 1988 and 1989 in ground, stream, lake,
and drinking water were around 2 kBq m-3. The mean content of precipita-
von in 1988 and 1989 was 2.4 kBq m-3. Sea water from the inner Danish
waters contained 3-5 kBq .ritium per m’.

9.6. Background Radiation

The average total background exposure rate measured with TLDs at the State
experimental farms was 7.6 uR h-l. The mean of the terrestrial exposure rates
at the State experimental farms measured with the Nal(T1) detector was 4.1
1R h-L. The annual means in 1988-1989 are not different from the levels prior
10 the Chernobyl accident.

Risg-R-570 195



Acknowledgements

The authors wish to thank the staff of the former Health Physics Deparument
for their conscientious performance of their work of thrs report.

We are specially indebted to the staffs of the ten State experimental farms at
Tyisuup, Kale, Borris, Askov, St Jyndevad, Arslev, Tystofte, Ledreborg,
Abed, and Tombygird, who bave continuved 10 supply us with 2 number of
the most important samples dealt with in this report.

R/V DANA belonging to the Ministry of Fisheries have collected surface
water samples from the North Sea, the Danish Straits, and the Baluc Sez in
1988 and 19%9.

R/V GAUSS from the German Hydrografic Institute in Hamburg, the Ger-
man lightships: Borkumriff and Elbe I and R/V Gunnar Thorsen from the
National Environmental Research Institute, Denmark, collected a substantial
number of the sea water samples in this report.

Pan of this work was supported by the CEC Radiation Protection Program-
me.

196 Rise-R-570



Appendix A
Calculation of Revised Models for B’Cs in Danish
Grain

Ustil 1983 the ¥’Cs concentrations in Danish grain were nearly proporuonal
o the allout rates of 37Cs in May-August of the harvest year (Riso-R-437)
(Aarkveg 1979).

Afeer 1984, however, an increasing discrepancy berween observed and re-
dicred 17Cs concentrations in grain was noticed. This was a result of the
growing importance of root uptake relative to direct cootamination, which
was dominating as long as fresh 37Cs sull was present in the atmosphere.

In order to estimate the soil factor b in the prediction model:

Bq U7Cs kg grain (year i) = aBq B7Cs m-2 (May-Aug (i)) + b-Bq ¥Cs
m-2 (accumulated by (i)

we made the following calculations for Danish grain from 1985:

L From the old prediction models (Table C.2.2.4 in Rise-R-437) (Aavkrog
1979), which inclules the rate factor a only, and from the fallout rates in
May-August 1985 the predicted B'Cs levels in Danish grain from 1985
were calculated.

2. The differences between observed and predicted levels were calculated.

3. The differences were divided by the accumulated 137Cs fallout in 1985
obtained from Appendix D.3 (Jutand: 2894 Bq 13’Cs m-2 and the Islands:
2312 Bq 1¥7Cs m-?). This gave the b values in the revised prediction models
shown below:

Rye Juiland : Bqkgg = 0.074 dyyyy. pug + 0032103 A,
Ryt Islands : Bq k&n = 0.078 d‘“'y_m) + 0.@5']0“’ A'
Barley Juiand : Bqkg) = 0.063 dyy peg + 0.01710-3 A,
Baf‘q lsuﬂds : Bq k&l) = 0.052 d‘h_w + O.NHO"’ Ai
Wheat ]Iltland . Bq k&l) = 0.063 d" May-Aug) + 0.017-103 Ai
Wheat Islands . qu‘(') = 0.045 d“”‘?"u) + 0.006-10-3 Ai
Ous  Jutand : Bakg, = 0.052dy aeg) + 0.06410°3 A,
Oas  Islands : Bqkgg = 0.049 dyper pg) + 0.005:103 A,

where d,u,y-Aug) iS the fallout rate in Bq 137Cs m-2 in May-Aug in year (i) and
A, is the accumulated fallout by year (i) in Bq 13’Cs m-2? according to Appen-
dixD.3.

4. In order 1o check whether the contribution of 37Cs from root uptake
seems reasonable, we made a calculation of the observed ratios between
the ¥7Cs concentrations in grain and in the ploughing layer (0-20 cm).

The soil concentzations were based on two sets of measurements of 137Cs in
countrywide collected Danish soils: One in 1975 (Table 4.2.8 in Risp-R-345)
(Riss-Reports 1957-1989) and another in 1983 (Table 4.5.3 in Riso-R-563)
(Rise Reports 1957-1989).The effective halflife of 37Cs in cultivated soil in
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Deamark has been measured to 13 vears (Riso-R-563) (Rise Reports 1957-
1989). The soul data from 1975 and 1983 were decay corrected wih this baifiife
1o 1985 and the mean concentrations in the 0-20 cm ploughing layer became:
6.7 20.9 Bq Cs per kg dry soil in Jutland and < 6= 0.1 Bq 3%Cs kg ¥ in the
Istands (the ervor term was = 1 S_E. of the means of the rwo determinations).

The differences calculated under 2. were divided by the respective soil
concentratior:s of 3°Cs and the observed mean ration between grain and soil
(dry matver) WCs acuvities was (0.9=0.35110-2 (= 1 S.E; a=8) This was
compatible with the values expected for Danish soils (sandy clay) according to
JIAEA’s sHandbook of parameter vzlues for prediction of radioauclide trans-
fer in the terrestial and fresh water environmentss (2nd draft March 1987).
According to this publication the expected values for sand vary berweea 1110-2
and 3.4-10-2 and for clay between 0.310-2 and 2.8-10-2 according o pH of the
soil.
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Appendix B

Sanistical informenon
Zone 402 Arge AdPopulation SAnnusimik AAnnugl whest SAanuairye  SAnnualpotato <Grass snd
n n producton producton produchon sroduchon green fodder
km'  thousands n mega kg in megakg n mega-tg in megakg produchon
n megakg
I North Jutiand amn L 1} L ]
8 Epyt iy 7560 09 1427
B Westutind 12.104 m 1.326 %0 s %% 1760
N:  South Jutiend 399 250 [ X]
Vv Funen 3.8 &85 »7
Vi:  2eslend 745 2115° 308
VE. Llofendfaister 1795 14 % b 40 120 253
Vii:  Somholm 588 & St
Tocsd 43089 5110 5099 1972 L -3 5.700 20.185

*1.170.000 peopie weve kving in Greater Copenhagen and 945.000 in the remaining part of Zealand.

&  el. O omarks Statistk 1986)
ad  ref Denmarks Staistk 1988)
404 (ref. Danmarks Statistik 1972)
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Appendix C

A Comparison Between Observed and Predicted

Levels in the Haman Food Chain in Denmark in 1988

and 962
Tebie CI1. A Comparsson Letoeen ebserved and predicied M3y bevels in ewveronm, n-
sal samples collecred 1n 1968
Sample Locaron Unt Number Ovserve. Pregcted QDs.pred Modet n
obsenauons =1SE reference
n mesn {Anthenetsc megn) Aeriveg 1979
Doed ik Jutignd  Bg 95 mg Car’ 4 (] =5 Ho €655 C321No?
-". Isiands 2T 3 41 =2 »” 111 C321Ne 3
Rye Jutlang  Bg Srig’ 5 043 =010 042 102 C22tNKRo i
- slands - 5 028 -005 012 233 C221No 3
Barey Juttang =T 7 0e -003 0% U7 C221ho0 2
- islands - 10 O =006 on 13 C221N0§
WheX Jutiand - ? 048 -0OMN 0as 11 C221Kko 8
a islangs - 9 025 -0« 019 132 <2218 10
Oats sutiand - 4 05t =006 128 080 C22t1%80 12
- Isiands -7 4 035 -008 061 087 C221Nc 13
Powatoes Jutiand - 5 0 036 - 0 006 0097 037 C251No 8
- islands - 5 06037-0003 0 087 043 C2S1No IC
Cabbage Jutiang -7 028 03 093 C2%1No !
- rsiands - 0187 026 072 C251No 3
Carrox Jutiand - o041 051 080 C251 N0 S
- isiands - 0190 015 127 C251N0 6
Apples Denma.k -7 2 0 036 = 0 0005 0012 300 C251No 13
Pork - -7 0 0067 0023 029 C341Noc 3
Beef - - 0 0087 0033 025 Cl4i1No !
togs - 2T 0024 0012 200 C361No 6
Total oret C - B8a 2S5 kg Ca)-? 145 137 106 C421No 1
Total det P N - 122 106 15 C421No 7
Human bone
>y - -~ 0 197 =11 38 052 Ca431 N0 13
Whole year
grass isiands -7 4 360 =3 425 08 C241N0 1
fucus
ves«Culosus " - 4 154 =1 a42 035 C271No 3
Ground
water®® Denmark  Bq 0S¢ m-3 10 038 =019 023 165 C141No 1
Streamwater® -7 620 C141N0 3
Lake water® " .. k' } C141No0 6

**Mean of sl ground water samples except Feidbak icf 43 1}

* No semples in 1988

200 Rise-R-570



Takie CILB. Comparsen berween obserced end predacaed ¥Sr ieoels m emvvron-

mrnsgl semples collecred = 1969
Sample Locabon Ut Number Observed Predcred Qs prad Modein
obse~vanons =tSE relecence
n mean (Anthmet:s mean, iarkreg 1979
Ongdendk  Jutiand Bq¥Scag Car® s 6 =2 104 NS4 C32iNo 1
- isiands .- 3 » =3 k 112 C321No0 3l
Pye Jutiand  8q%¥Srkg’ ca0 03 108 C221Noc 1
- Isiands -7 - ¢ on 182 C221Nc¢ 3
Sartey Jutiand -7 2 cas -902 058 o C221No 4
- Isiands -7 2 027 =000 o 129 C221N0 6
Wheat Jutiand -7- 2 0% =03 040 140 C221%0 ¢
- isiands -7 2 0iZ =008 G175 085 C221No 10
Ous Jutiand T d 6 128 048 C221No 12
- isiands -7 054 058 092 C221No i3
Pounees Jutiand ~- S 0037 =00MN 0094 03 C25itNo 8
- isiands -7 S 006 -0007 0085 042 C251No 10
Cabbage Jutiand - on 030 093 C2:1No 1
N isiangs -7 0 152 0rs 06! C-.S1No ]
Carrat Jutiand ~- on 050 056 €281k S
h isiands -7 0093 014 o C251No 6
Apples Denmark T- 2 0N74=-00019 0012 145 C251 N0 13
Pork - = < 0001 0022 - C341N0 3
Oeef - -7 00t 0032 oa C341No 1t
Eggs - -T- oo 0010 T C361N0 6
Total et C - B8q 9Sr kg Car~ 133 132 10 C421No 1
Towsl deet P - -7 9% 101 095 C4a421No 7
Human bone
> 29w - .- a4 177 =098 & v c48 C431No 13
Whole yeor
grass Isiands e 4 o =27 %5 08 C241No1
Fucus
vesculosus - T- 4 146 =43 418 035 C271No 3
Ground
woater® Denmark  BqQ®Srm-) 10 024 =013 o 114 C141No 1
Stream water - -7 8 68 =095 59 118 C141No 2
Lake water - -7 8 140 =27 M o C141No 6
**Meen of sl ground water samples except Feidbek (cf. 43 1)
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Table C.2.A. Comparison between observed and predicted 137Cs levels in environ-
mental samples collected in 1988

Sample Lecation Unit Number Observed Predicted Obssred. Modelin
observations =1SE reference
inmean  (Arithmetic mean) (Aarkrog 1979)
Dried milk Jutland  Bq'37Cs (kg X}! 48 250 =18 201 1.18 C3.22No.1
N Islands 2. 36 57 =5 66 086 C322No.3
Rye Jutisng  Bq'3’Cskg! 5 027 =012 052 0.52 Appendix A
- {slands -7 5 0.098-=0.032 0.34 0.28 Appendix A
Barley Jutland -"- 7 026 =0.105 0.40 0.65 Appendix A
- Islands - 10 0.066 =0.024 0.22 0.30 Appendix A
Wheat Jutiand -7 7 0.137=0.022 0.40 0.24 Appendix A
~ istands -7 9 0.04820.012 o 0.23 Appendix A
Qats Jutland - 4 051 =025 0.53 0.96 Appendix A
- Islands - 4 0.109=0.044 0.22 050 Appendix A
Potatoes Jutland -7 5 0.144=0.030 0.199 0.72 C253No.5
" Islands - 5 0.045=0.017 0.034 1.32 C253No.7
Cabbage Denmark -7 8 0.045=0.014 0.078 0058 C253No.1
Carrot " -t 8 0.043=0.016 0.0M 061 C253No.3
Apples -7 8 0.066=0.016 0.60 0.1 C.253No. N
Pork " - 047 1.38 034 C342No. 3
Beef - 1.36 1.32 1.03 C342No.1
Eggs - 0.102 0.09 112 €362°5.6
Total diet C £q'37Cs kg K)! 165 1140 014 C422No.1
Total diet P - 112 580 019 C422No. 6
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Table C.2.B Comparison between observed and predicted 13’Cs levels in environ-
mental samplos collected in 1988

Sampie Location Unit Number Observed Predictey  Obs/pred. Modelin
observations *=1SE reference
in mean {Arithmetic mean) (Aarkrog 1979)
Dried miik Jutiand  Bq'3Cs (kg K} 48 155 =10 142 .09 C322No.1
- Isiands - 36 42 =3 a 1.02 C3.22No. 3
Aye Jutland  Bqg'3Cs kg 5 0.24 0076 024 1.00 Appendix A
" Islands -"- 4 0.041 20015 0.073 0.56 Appendix A
Barlev Jutland - 10 0.097=0.015 0.160 01 Appendix A
- Islands -7 8 0.080=0.060 0.042 1.9 Appendix A
Wheat Jutland -7 6 023 =0.067 0.160 144 Appendix A
- Islands -7 9 0.026 = 0.004 0.052 0.50 Appendix A
Qats Jutland - 5 043 =0.162 033 1.30 Appendix A
" Istands -"- 5 0.108=0.049 0.052 208 Appendix A
Potatoes Jutiand - 5 0.164+=0.061 0167 0.98 C253No.5
- isiands - 5 0.065=0023 0.008 8.1 C253No.7
Cabbage Denmark - 8 0.045=:0.021 0.066 068 C263No.1
Carrot " -7 8 0.058 = 0.023 0.048 1.21 C253No.3
Apples - - 8 0.069=0.014 0.30 0.23 C253Nn M
Pork - -7 0.52 0.62 084 C342No.3
Beef - - 1.14 083 137 C342No.1
Eggs - -7 0.042 0.059 on C362No.6
Total diet C Bqg 137Cs (kg K)-' 105 52 202 C4.22No.1
Total diet P - -7 125 480 0.26 C4.22No. €&
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Appendix D

Fallout Rates and Accumulated Fallout (mCi 2Sr
km-2) in Denmark 1950-1989

4,
Annual fallout rate in mCi %1 km-2 y-! or Bq %Sr m-2 y-!. Accumulated

fallout by the end of the year (i) assuming effective half-lives of %Sr of 28.8 y.
Unit: mCi %Sr km-2 or Bq %°Sr m-2.

di(May-Aug) 21 diguty.ugy’

The fallout rates in the periods: May-Aug and July-Aug, respectively. Unit:
mCi 8r km-2 period-! or Bq %9Sr m-2 period-!. The fallout rate (d;) was based
on precipitation data collected for all Denmark in the period 1962-1984 (cf.
Table 4.2.1) (Risp Reports 1957-1989). Before 1962 the levels in the tables were
estimated from the HASL data for New York (HASL Appendix 291, 1975)
(HASL 1958-1978) considering that the mean ratio between 0Sr fallout in
Denmark and New York was 0.7 in the period 1962-1974.

The dimay.Aug) and diguiy.aug) Vvalues were also obtained from 4.2 (Rise
Reports 1957-1989) for the period 1962-1984. For the years 1959-1961 the values
were calculated from data obtained from %0Sr analysis of air (1959) and preci-
pitation samples (1962 and 1961) collected at Risg. Before 1959, the values were
estimated from the corresponding d; values assuming that the ratios d;,,.
Augydi and dijgy,.a4gyd; 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 #0Sr km-2 figures and Table D.2 gives the Bq m-2
values.
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Appendix D.1. Fallout rates and accumulated fallout (mCi 9Sr km-2) in Denmark

1950-1989
Denmark Jutland Islands
Year di Aij2g g2) di A28 82) di Aig 82
1950 0.0 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 0224 0.347 0172 0.270
1953 0.500 0.789 0.566 0.891 0434 0.687
1954 1.901 2623 2152 2967 1.650 2.279
1955 2.501 4997 2.831 5.655 21N 4.340
1956 3.101 7.898 3510 8939 2.692 6.858
1957 3.101 10.728 3510 12.142 2.692 9313
1958 4.302 14.658 4869 16.591 3734 12.725
1959 6.102 20.247 6.908 22918 5.297 17.576
1960 1.140 20.859 1.291 23610 0.990 18.107
1961 1.481 21.787 1.676 24.661 1.285 18.913
1962 7.428 28.493 7.976 31.830 6.880 25.155
1963 16.695 44.0NM 18.453 49.041 14937 39.101
1964 10.412 53.136 11.685 59.225 9.139 47.048
1965 3.954 55.679 4204 61.861 3.704 49 497
1966 2.145 56.395 2.166 62.445 2124 50.345
1967 1.047 56.023 1.176 62.048 0918 49.597
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 49615
1972 0.435 54.993 0.457 61.194 0413 48.792
1973 0.192 53.821 0.215 59.891 0.168 47.750
1974 0.710 53.183 0779 5917 0.643 47.197
1975 0.414 52.272 0.452 58.150 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 0538 54.985 0.388 43.867
1979 C.166 48.379 0.174 53810 0.156 42947
1980 0.095 47.244 0.114 52556 0.078 41932
1981 0.451 46.358 0.309 51.559 0.269 41.159
1982 0.046 45.287 0.048 50.332 0.043 40.184
1983 0.036 44.174 0.036 49123 0.037 39.227
1984 0.029 43.110 0.033 47941 0.026 38.283
1985 0.022 42.067 0.020 46.776 0.023 37.360
1986 1.041 42.042 1.081 46674 1.000 37.412
1687 0.039 42.022 0.038 46.649 0.040 37.396
1988 0.027 41.049 0.024 45564 0.030 36.537
1989 n.0147 40.088 0.0112 44.492 0.0183 35.687
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Denmark Jutland islands

Oimtay-ug)  Vuuyaugr  FiMayaug)  iuuy-aug  FiMay-aug  iuy-aug)

0.01 0.01 0.01 0.01 0.01 0.01
0.05 0.02 0.06 0.03 0.05 0.02
on 0.05 0.12 0.05 0.09 0.04
0.27 012 0.31 0.14 0.23 0.10
1.03 0.46 1.16 0.52 0.89 0.40
1.35 0.60 1.53 0.68 117 0.52
1.67 074 1.90 084 1.45 0.65
1.67 0.74 1.90 0.84 1.45 0.65
2.32 1.03 2.63 1.7 2.01 0.90
2.50 0.68 2.76 0.75 224 0.61
047 0.31 0.52 0.34 042 0.28
0.66 047 0.73 0.52 0.590 0.42
4223 1.857 4566 2.052 - 3.880 1.662
9.965 5.629 10.753 5932 9177 5.327
6.235 2568 7.170 2910 5.299 2226
2.029 0.850 2.094 0.852 1.964 0.848
1.049 0418 0.984 0.496 1.114 0.340
0.367 0141 0.380 0.134 0.354 0.148
0.848 0.426 0.910 0.460 0.786 0.392
0614 0276 0.723 0.319 0.505 0.233
0.908 0.547 1.076 0.632 0.740 0.462
0.992 0405 1.154 0.516 0.830 0.294
0.253 0.084 0.262 0.084 0.244 0.084
0.075 0.033 0.093 0.039 0.057 0.027
0.421 0.190 0.463 0.219 0.378 0.162
0.159 0075 0.179 0.091 0.157 0.060
0.032 0.010 0.032 0.011 0.032 0.009
0.178 0.107 0.164 0.085 0.190 0.129
0.232 0.096 0.275 0.098 0.188 0.093
0.086 0.030 0.087 0.031 0.084 0.029
0.051 0.022 0.064 0.025 0.038 0.0180
0.175 0.060 0.176 0.058 0174 0.061
0.022 0.0071 0.024 0.0085 0.020 0.0058
0.013 0.0048 0.015 0.0055 0.0114 0.0043
0.013 0.0075 0.016 0.0090 0.0106 0.0059
0.0086 0.0054 0.0075 0.0046 0.0088 0.0062
0.74 0.052 0.78 0.055 0.70 0.048
0.0159 0.0068 0.0178 0.0068 00141 0.0070
0.0121 0.0075 0.0125 0.0074 0.0117 0.0076
0.0077 0.0042 0.0059 0.002% 0.0095 0.0060
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Appendix D.2. Fallout rates and accumulated fallout (Bg %°Sr m~2) in Denmark

1950-1989
Denmark Jutland Istands

Year di Ai2g 87, di Aizg 83) di Aijzg 82)

1950 0.777 0.759 0814 0.79% 0.740 0.722
1951 3.737 4.389 4218 4. 894 3.256 3.884
1952 7.326 11.436 8.288 12.868 6.364 10.004
1953 18.500 29.225 20942 33.007 16.058 25443
1954 70.337 97.196 79.624 109.954 61.050 84 438
1955 92.537 185.224 104.747 209.599 80.327 160.849
1956 114737 292833 129870 331.402 99.604 254 264
1957 11477 397884 129.870 450.310 99.604 345.458
1958 159.1% 543820 180.153 615481 138.158 472124
1959 225774 751.306 255.596 850.377 195989 652.236
1960 42.180 774629 47.767 876.800 36.630 672.495
1961 54.797 809.716 62.012 916.502 47 ,45 702.929
1962 274836 1058.779 295.112 1182821 254560 934.736
1963 617.715 1636.653 682.761 1821.249 552.669 1452.058
1964 385244 1973849 432345 2200039 338.143 1747.659
1965 146.298 2069.764 155548 2299609 137.048 1839918
1966 79.365 2098.057 80.142 2323.199 78588 1872915
1967 38739 2086.017 43512 23'.468 33.966 1861.566
1968 519117 2087.122 58.016 2312.200 45769 1862.009
1969 38.295 2074909 45917 2302.078 30.673 1847.704
1970 60939 2085.092 73.741 2319.360 48.137 1850.789
1971 55.722 2089.939 63.862 2326587 47582 1853.258
1972 16.095 2055.987 16909 2287.806 15.281 1824135
1973 7.104 2014.063 7.955 2241.204 6.216 1786.854
1974 26.270 1991.847 28823 2216.082 237917 1767.617
1975 15.318 1959.467 16.724 2179.746 13.912 1739.193
1976 3811 1916.622 4292 2132136 3330 1701.114
1977 14.208 1884.946 14985 2096.097 13.394 1673.764
1978 17.131 1856.876 19906 2065.718 14.356 1648.004
1979 6.142 1818.745 6.438 2022914 5772 1614475
1980 2504 1778.945 4229 1979.966 2.869 1577924
1981 10.662 1747.079 11.447 1944 .499 9967 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 1479.475
1984 1.094 1629.385 1.209 1813.506 0980 1445264
1985 0806 1591.452 0.744 1771.286 0.868 1411.618
1986 38.5 1591.218 40 1766.622 37 1415.882
1987 1.44 1554.810 1.4 1726.017 1.47 1383.670
1988 0989 1518.827 0.874 1685.853 1.105 1351.867
1989 0.544 1483.265 0413 1646.193 0.677 1320.402
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DCenmark Jutland Islands

Year  dimayacg Fuy-aug  Fimayasg  Fuuyavg  Timayasg  Tluy-aug

1950 0.370 0.370 0.370 0.370 0.370 0.370
1951 1.850 0.740 2.220 1.110 1.850 0.740
1952 4.070 1.8580 4.440 1.850 3.330 1.480
1953 9.990 4.440 11.470 5.180 8510 3.700
1954 38.110 17.020 42920 19.240 32.930 14.800
1955 49.950 22.200 56.610 25.160 43.290 19.240
1956 61.790 27.380 70.300 31.080 53.650 24.050
1957 61.790 27.380 70.300 31.080 53.650 24.050
1958 85840 38.110 97.310 43.290 74740 33.300
1959 92.500 25.160 102.120 27.750 82.880 22.570
1960 17.390 11.470 19.240 12.580 15.540 10.360
1961 24420 17.390 27.010 19.240 21.830 15.540
1962 156.251 68.709 168.942 75.924 143.560 61.494

1963 368.705 208.273 397.861 219.484 339.549 197.099
1964 230.695 95.016 265.290 107.670 196.063 82.362

1965 75.073 31.450 77.478 31.524 72.668 31.376
1966 38813 15.466 36.408 18.352 41.218 12.580
1967 13.579 5217 14.060 4.958 13.098 5476
1968 31.376 15.762 33.670 17.020 29.082 14.504
1969 22718 10.212 26.751 11.803 18.685 8.621
1970 33.596 20.239 39.812 23.384 27.380 17.094
1971 36.704 14.985 42.698 19.092 30.710 10.878
1972 9.361 3.108 9.694 3.108 9.028 3.108
1973 2.775 1.221 3.441 1.443 2.109 0.999
1974 15.577 7.030 17131 8.103 13.986 5.994
1975 5.883 2.775 6.623 3.367 5.809 2.220
1976 1.184 0.370 1.184 0.407 1.184 0.333
1977 6.586 3.989 6.068 3.145 7.030 4773
1978 8.584 3.552 10.175 3.626 6.956 3.441
1979 3.182 1.110 3219 1.147 3.108 1.073
1980 1.903 0.816 2.386 0.936 1.420 0.664
1981 6.464 2.205 6.494 2144 6.433 2.265
1982 0.816 0.263 0.876 0.314 0.755 0.215
1983 0.483 0.178 0.544 0.202 0423 0.160
1984 0.488 0.277 0.581 0.336 0.395 0.216
1985 0318 0.200 0.276 0.169 0.326 0.230
1986 274 1.9 28.8 2.05 2€.0 1.76

1987 0.59 0.25 0.66 0.25 052 0.26

1988 0.447 0.276 0.462 0.272 0.432 0.280
1989 0.285 0.157 0.219 0.093 0.351 0.221
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Appendix D.3. Fallout rases and accumulated fallout (Bq 37C; m~2) in Denmark

1950-1989
Denmark Jutland islands

Year di Ai'm‘oz) di Ai(w_oz’ di Ai(30,02)

1950 1.243 1.215 1.302 1.273 1.184 1.157
1951 5.979 7.030 6.749 7.838 5.21¢ 6.221

1952 11.722 18.323 13.261 20.618 10.182 16.029
1953 29.600 46.830 33.507 52.889 25.693 40.770
1954 112539 155.731 127.398 176.173 97680 135.290
1955 148.059 296857 167595 335922 128523 257.792
1956 183.579 469.471 207.792 531.304 159.366 407.637
1957 183.579 638.145 207.792 722.227 159.366 554.062
1958 254678 872445 288245 987.409 221.053 757.424
1959 361.238 1205526 408.954 1364.492 313.582 1046.561
1960 67.488 1243.959 76.427 1408.032 58.608 1079.940
1961 87.675 1301.241 99.219 1472.849 76.072 1129.632
1962 439.738 1701.242 472179 1900.635 407.296 1501 .949
1963 988.344 2628.199 1092418 2924.739 884.270 1331.659
1964 616.390 3170535 691.752 3533.949 541.029 2807.121
1965 234.077 3326905 248877 3696.486 219.277 2957.324
1966 126.984 3375.057 128227 3737.418 125741 3012.697
1967 61.982 3358.593 69.619 3720.145 54.346 2997.040
1968 83.058 3363.098 92.826 3725.944 73.230 3000.195
1969 61.272 3346.212 73.467 3712.693 49.077 2979.675
1970 97.502 3365.115 117.986 3743.247 77.019 2986.928
1971 89.156 3375430 102.179 3757.659 76.131 2993.148
1972 25.752 3323.554 27.054 3698.331 24.450 2948.724
1973 11.366 3258.804 12.728 3626.358 9946 2891.141
1974 42.032 3225.498 46.117 3588.654 38.066 2862.350
1975 24509 3175.828 26.758 3532.894 22.259 2818.77
1976 6.098 3109.302 6.867 3458.970 5328 2759.642
1977 22.733 3060.549 23.976 3403.451 21.430 2717.597
1978 27.410 3017.479 31.850 3356.893 22970 2678.016
1979 9827 2958.211 10.301 3290.341 9.235 2625917
1980 5.606 2896.171 6.766 3221.854 4591 2570.470
1981 17.059 2846.738 18.316 3166.216 15.948 2527.385
1982 2.706 2784 409 2.851 3096.736 2561 2472.203
1983 2151 2722.959 2126 3028.134 2175 2417.902
1984 1.751 2662.521 1.935 2960.911 1.567 2364.247
1985 1.290 2603.012 1.191 2894.495 1.388 2311.642
1986 1210.000 3725.984 1340.000 4137.847 1080.000 3314.232
1987 29.000 3669.280 32.000 4074.674 26.000 3263.994
1988 11.900 3597.161 13.400 3994.768 10.300 3199.562
1989 3500 3518.480 4510 3907.998 2530 3129.007
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Denmark Jutliand Isiands

Year  dimayaug  Yuuyaug  Jimayaug  Giuuwavg)  GiMav-aug  Jiuy-Aug)

1950 0.592 0.592 0.592 0592 0.592 0592
1951 2.960 1.184 3.552 1.776 2.960 1.184
1952 6.512 2.960 7.104 2.960 5.328 2368
1953 15.984 7.104 18.352 8288 13616 5920

1954 60.976 27.232 €8.672 30.784 52.688 23680
1955 79.920 35.520 90.576 49.256 69.264 30.784
1956 98.864 43.808 112.480 49.728 85.840 38.480
1957 98.864 43.808 112.480 49723 85.840 38480
1958 137.344 60.976 155.696 69.264 119.584 53.280
1959 148.000 40.256 163.392 44.400 132.608 36.112
1960 27.824 18.352 30.784 20.128 24 864 16.576
1961 39.072 27.824 43.216 30.784 34928 24864
1962 250.002 109.934 270.307 121.478 229.696 98.390
1963 589.928 333.237 636.578  351.174 543278 315358
1964 369.112 152.026 424 464 172.272 313.701 131.779
1965 120.117 50.320 123.965 50.438 116.269 50.202
1966 62.101 24746 58.253 29.363 65.949 20.129

1967 21.726 8.347 22.496 7.933 20.957 8.762
1968 50.202 25.219 53.872 27.232 46.531 23.206
1969 36.349 16.339 42802 18.885 29.896 13.794
1970 53.754 32.382 63.699 37414 43.808 27.350
197 58.726 23.976 68.317 30.547 49.136 17.405
1972 14.5.3 4.973 16510 4973 14.445 4973
1973 4.440 1.954 5.506 2.302 3374 1.598
1974 24923 11.248 27.410 12.965 22.378 9.590
1975 9.413 4.440 10.597 5.387 9.294 3552
1976 1.894 0.592 1.894 0.651 1.894 0533
1977 10.538 6.334 9.709 5.032 11.248 7.637
1978 13.734 5.683 16.280 5.802 11.130 5506
1979 +.091 1.776 5.150 1.835 4973 1.7%7
1980 3.045 1.305 3.818 1.498 2.2 1.063
1981 10.342 3.528 10.390 3.431 10.294 3624
1982 1.305 0.420 1.401 0.503 1.208 0.343
1983 0.773 0.285 0.870 0.324 0.677 0.256
1984 0.781 .0.443 0.929 0.538 0.632 0.347
1985 0.508 0.320 0.44" 0.270 0.522 0.368
1986 772.000 78.000 790.000 94.000 754.000 63.000
1987 12.000 5.400 12.500 5.500 11.400 5.300
1988 4.800 2.400 5310 2.620 4.160 2.080
1989 1.110 0.570 1.490 0.730 0.740 0.410
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