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ABSTRACT
Experiments with artificial wet depositions of 134Cs and 85Sr at different times
during the growth period were carried out. The studies are complementary to the
experiences after the Chernobyl fallout and the results are compared with similar
earlier Swedish works on nuclide retention in experiments and on fallout in
agriculture. The aim has been to cover the nuclide transfer to grain crops after
depositions at different times during the growing period.

The initial interception capacity per kg d.w., TRd, seemed to depend on the
surface/weight ratio of the plant parts considered. Changes in TRd-values were
rapid during the early growth but slower in later stages. The reduction half-time
was then often 2 weeks for vegetative parts. Considering the fraction of a
deposition retained, FRd, the residence half-time had an average length of 3-4
weeks. During that time there were possibilities for caesium penetration into the
plant and further transfer to ears and grain. Strontium did not seem to be
transferred that way. There was no increase of caesium in the ears per unit d.w.
after the initial interception. However, there was a steady increase in the total
content, especially after depositions during the latter half of the growth period
when about 5 % was retained of caesium, and 2 % of strontium. The retention of
fallout caesium in 1964 was statistically estimated to be of about the same size in
Swedish grains.



1. INTRODUCTION

Grasslands as well as arable crops in agricultural production contribute in
the transfer of fallout nuclides to human food. This transfer has been
studied since the sixties, because it was realized that the crops may be the
main pathway of radio-active nuclides entering the human diet. The studies
have dealt with numerous direct observations of the fate of fallout in crops
and animal produce, with experimental investigations and with modelling
works to predict the out-come of different fallout situations. These
approaches are complementary to each other in providing information on
fallout problems.

Examples of experimental and field work, that have contributed to this
body of information, are early as well as later studies (cf. Aarkrog, 1975;
Eriksson et al., 1976, 1997; Eriksson, 1977, 1991; Hoffman et al., 1989;
Rosen, 1996 and Rosen et al., 1996). They have aimed at determination of
the initial interception and/or the retention of wet and dry deposited
nuclides by crops in experimental situations and following fallout in the
open field.

The size of the fraction of wet fallout that can be intercepted depends on
factors such as the intensity of precipitation connected with the fallout, the
time of the year and type of crop, and stage of development. Once
intercepted by the above-ground parts of the crop, the nuclides are partly
lost by fall-off to the ground at a rate that depends on the environmental
conditions.

This loss by fall-off is to some extent counter-balanced by other routes of
entry. The nuclides deposited onto the soil can reach the plant surfaces by
resuspension with soil particles, or reach the interior of the plants by ion
uptake of the roots from the surface layer of the ground. Also, the nuclides
bound to plant surfaces may, if soluble, penetrate the outer plant layer and
be transferred to the interior of the plant and to the harvest products.

In acute situations following deposition, correct predictions of the transfer
of the fallout nuclides to the crop products at the harvest time might be
helpful if counter-measures have to be considered.

Experiments may give reliable indications on the retention of the inter-
cepted material up to harvest time. Such experiments with several crops
and also with vegetables have been conducted at the Department of Radio-



ecology, Swedish Univ. of Agric. Sciences, Uppsala. The results obtained
in experimental work with a spring wheat crop are given below and
compared with those obtained with other crops in earlier studies.

The aim is to discuss the transfer of wet fallout on grain crops to the
harvest products. The work has been supported by the Swedish Radiation
Protection Institute.

2. MATERIALS AND METHODS

2.1. Experimental layout

The experiment was carried out with a technique similar to that used in the
grass studies (Eriksson et al., 1998). The experimental crop was spring
wheat, (S. wheat), variety "Starke", sown on May 20 in micro plots,
0.5*0.5 meter in size. The fertilisation level was 600 kg 16-7-13 NPK per
ha and year. The experiment was carried out with 2 replicates. It was
estimated that slightly more than 50 % of the crop plants had emerged on
June 10. Samplings covered the development of the crop and the retention
of tracer nuclides on the crop of four experimental micro plot sections
labelled by depositions on different deposition days.

The tracers simulating nuclides in wet fallout were 134Cs and 85Sr. Before
the deposition of these, the crop was pre-wetted with water including a
minute amount of a detergent. The labels, in 0.1 N HC1, were then mixed
into 0.25 litres of water and deposited in a spray, similar to a shower of
small rain drops, and so making an artificial precipitation of 1 mm water
over each plot. To keep the tracers in the correct plot this operation was
carried out in aluminium frames, which protected each plot up to a height
of 1 m from the influence of weather conditions for one day after the
deposition. The depositions and the subsequent samplings took place on
the dates and Julian days given in Table 1. Each sample comprised a whole
plot yield.



Table 1. Layout of deposition and sampling operations during the season
in the experiment with spring wheat in 1991

Deposition

Date

June
July
July
Aug.
Aug.

19
2

22
6

22

Julian Day No.

170
183
203
218
234

Sampling cuts

Date

July
July
Aug.
Aug.
Sept.

3
23

7
23
2

Julian Day No.

184
204
219
235
245

Table 2. Number of samples generated in the deposition experiment in spring
wheat on the different sampling days, Sad, during the season in 1991

Sad

184
204
219
245

184
204
219
245

204
229
245

219
245

235
245

All

Straw iand leaves

5-25 cm 25-40 cm

Section:
0
2
2
2

Section:
0
2
2
2

Section:
2
2
2

Section:
2
2

Section:
2
2

26

>40cm

Deposition Day No. 170
0
2
2
2

Deposition Day
0
2
2
2

0
2
2
2

No. 183
0
2
2
2

Deposition Day No. 203
2
2
2

Deposition Day
2
2

2
2
2

No. 218
2
2

Deposition Day No. 234
2
2

26

2
2

26

Generative

Ears

0
0
2
2

0
0
2
2

0
2
2

2
2

2
2

20

parts

Grain

0
0
0
2

0
0
0
2

0
0
2

0
2

0
2

10

Whole
plant
sample

2

2

4

Total
No. of
samples

2
6
8

10

2
6
8

10

6
8

10

8
10

8
10

112



2.2. Sampling and measurements

The sampling of each section was finished by the last harvest date. The
earlier the date of the deposition, the longer the part of the season covered
by subsequent sampling or harvest cuts. The design of the experiment with
the number of plots used and samples obtained is given in Table 2. It
shows that the harvested material was separated in vegetative and in
generative parts. The former comprised straw and leaves of 5-25 cm, 25-40
cm and > 40 cm length. The latter comprised the ears. The grains were
separated by threshing. Altogether 112 samples were collected for drying
and subsequent analytical treatments. These divisions were made to study
the interception and the changes in retention of the wet deposited material
in different parts of the plant.

After harvest the samples were dried, weighed and representative samples
taken from each plot to be carefully disintegrated and transferred to 330 ml
sample containers for measurement of the tracer content with a computer-
aided multichannel analyser using Nal-crystals.

To get a general ecological value, the measurement value for a tracer
nuclide with short half-life has to be corrected for decay. In the text below,
corrected values are given without exception.

2.3 Interception and retention units

The initial interception by a unit weight of the crop can be described by a
Transfer Ratio to plants from the deposition, TRpd, where p refers to plant
material (nuclide content expressed in Bq(kg d.w.)"1 and d to the total
deposition through the unit area (Bq m"2 ). In a later stage, or when only the
deposition on the ground is available for calculation of the Transfer ratio,
TRpg may be used, where g refers to the deposition on the ground. As only
plant material is considered below, and the deposition is known in this
experiment, a shorter term, TRd, has been used. In field surveys, even early
samples are taken some time after the initial interception has occurred, and
what can be determined for plant material and for the soil is the activity
retained in the plants and the activity deposited on the surface soil layer on
the particular day of sampling. The TRd-value is thus obtained when the
activity of 1 kg dry weight of the sampled material is weighted by the
deposition m' :



TRd=(Bq(kg d.w.)-1)/(Bq wr2)=m2(kg d.w.)-1 (1)

The interception capacity per kg dry weight (d. w.) of the crop may vary
during the growing period. In the leafy stages it may be higher than when
the straw appears and increases the weight later in the season.

The initial interception depends on the qualities of the deposited material
and of the recipient, the crop. The surface area/weight ratio differs between
crop materials of different type and stage of development. After inter-
ception, the concentration of the nuclide changes with time and growth.
The calculated value of TRd is directly proportional to the contamination
level of the crop but inversely proportional to the fallout level.

If the yield, kg d.w. per m2 or kg d.w.per unit area, is determined, the
amount of a nuclide intercepted and retained by a crop per unit area can be
weighted by the amount deposited through this unit area. The result of this
operation is the fraction of the deposition retained by the crop, here called
FRpd. This term, in analogy with that of TRpd may be reduced to FRd.
FRd may also be calculated on the basis of the fallout reaching the ground
and available for measurement afterwards. If the nuclide content in the crop
is comparatively large, it is added to the nuclide content deposited on the
ground before weighting for FRd. The size of the yield-dependent FRd is
influenced also by the same factors that influence the size of TRd.

Although the initial interception values of TRd and FRd may be helpful
when estimating the damage of a fallout, neither of them is of primary
interest in experiments with wet fallout, because the conditions in the field
can be expected to vary much more than can be simulated in any
experiments. Instead, the behaviour of the intercepted material during the
period up to harvest is of primary interest because the retention should be
of the same nature both in field experiments and under fallout conditions.

The Fraction FRd of the fallout retained or recovered at the sampling
operations during the season or at harvest can be found by multiplying TRd
by the crop weight per unit area:

FRd = m?(kgd.w.y1 *(kgd.w.) m2 . (2)

where FRd is dimensionless.



After the initial interception of the fallout and up to harvest, there is a
period of time dependent fall-off, which reduces the nuclide content in the
crop. By repeated samplings during that part of the season the changes in
the crop can be observed and half-times calculated with regard to the
reduction of the nuclide content per unit weight and to TRd. The changes
in the retention of the nuclide per unit of land area or in the fraction, FRd,
of the deposition initially intercepted or previously retained, can also be
observed as a half-time in nuclide recovery. The latter can be referred to as
a residence half-time, the former as a reduction half-time.

2.4. Precipitation during the season

The weekly precipitation during the experimental period is given below in
Figure 2. The precipitation was low in May and in June but was intense in
week No. 29 in the middle of July. The precipitation increased again in
week No. 32 and may have influenced the nuclide recovery in the latter
part of the season. No additional artificial precipitation was given.
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B Unas 1990
";H Unas 1991
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Figure 1. Weekly rainfall during the growing period, mm per week, during the
season.



3. RESULTS AND DISCUSSION

3.1. Crop development

The results obtained are shown in Tables 3 - 9 . Table 3 gives the yields on
the sampling occasions and also the distribution on plant parts and harvest
products. The average development of the crop parts during the season is
indicated in Table 4 and in Figure 2.

The yield levels vary somewhat between sections in Table 3 due to the
natural variation in the relative density of the crop plants. It should not
influence the retention data with regard to the 77W-values, but may have
caused a variation in the nuclide fractions retained, the .FiW-values.

Table 3. Development of the spring wheat crop in the Deposition Experiment.
Yield data are given in kg d.w. m2 obtained on the sampling days, Sad, in the
sections linked to the different Deposition Days, DDay No.

Sad

184
204
219
245

184
204
219
245

204
219
245

219
245

235
245

Straw and leaves

>5- 20 cm 0 - 40 cm

Section: DDay No. 170
0.10±0.03
0.12+0.01
0.1910.01
0.12±0.02

0.20+0.02
0.23+0.01
0.16+0.02

Section: DDay No. 183
0.12+0.02
0.131+0.01
0.181+0.01
0.12±+0.03
Section: DDay
0.15±0.02
0.17±0.00
0.14+0.00
Section: DDay
0.22+0.02
0,17+0.01

0.33±0.01
0.24±0.01
0.17+0.05
No. 203
0.32±0.03
0.23+0.01
0.1910.01
No. 228
0.28±0.00
0.22+0.00

Section: DDay No. 234
0.16+0.02
0.13±0.01

0.2010.03
0.18+0.01

>40cm

0.20±0.01
0.21+0.00

0.27±0.03
0.2410.01

0.3010.07
0.2810.03

0.2810.01
0.2910.01

0.1710.03
0.24+0.03

Generative

Ears

0.04+0.00
0.2010.00
0.5110.09

0.0710.00
0.2310.03
0.4710.25

0.07+0.00
0.2510.02
0.6610.04

0.2810.01
0.7810.00

0.2910.09
0.5610.06

parts

Grain

0.1010.02

0.3510.20

0.5110.03

0.5910.01

0.42+0.05

Whole
plant
(tot.)

0.10+0.03
0.36+0.04
0.81+0.02
0.96+0.17

0.12+0.02
0.54+0.02
0.9110.07
1.0010.34

0.54+0.00
0.95+0.10
1.2710.08

1.06+0.01
1.47+0.00

0.81+0.17
1.12+0.11



Table 4. Average development of the crop in 1991, cf. Table 3

Sad

184
204
219
245

Straw and

5-20 cm

0.11±0.03
0.13+0.02
0.19+0.02
0.14±0.03

leaves

20-40 cm

0.28±0.07
0.25±0.02
0.1810.04

>40cm

0.26±0.06
0.24+0.05

Generative parts

Ears Grain

0.06±0.02
0.24±0.04
0.60±0.18 0.45+0.14

Whole

crop

0.11±0.03
0.48+0.10
0.94±0.12
1.17±0.26

Figure 2 shows the development of straw, ears, and the whole crop, kg d.w.
m" . The curves are based on Table 4 and calculated according to the least
square method for a trinome equation:

Y=a+bt+ct2 (3)

where Y represents the dry weight of the developing crop per square meter
and t the number of days after the emergence day of the crop plants.

SPRING WHEAT. Development

20 30 40 50 60 70
Day after emergence

80 90

Figure 2. Development of the spring wheat experimental crop during the season. Day
No. 1, or the day of the emergence of the crop, appears when approximately about
half of the plants are clearly visible.

The curve representing straw shows a maximum after two months, while
the one representing the ears, the generative parts, steadily increases up to
harvest time as organic matter is transferred from the vegetative parts. A
parallel flow of metal ions occurs and of principal interest here is the
degree of the transfer of fallout cesium and strontium ions to the grain after
interception and penetration into the plants. Contamination of the grain

10



during the build-up can thus occur both from a source of direct fallout as
well as from earlier fallouts retained during the season by the vegetative
parts of the plants and slowly being transferred from the inside.

3.2. Interception and retention of deposited nuclides

The behaviours of I34Cs and 85Sr in the crop during the growing period
after deposition on different occasions are outlined in Tables 5 - 9 . The
interception and the retention of the nuclides in the crop components are
measured by TRd in Tables 5 and 7 and by FRd in Tables 6 and 8. 134Cs is
dealt with in Tables 5 and 6, 85Sr in Tables 7 and 8. Table 9 contains the
recovery of both tracers in the grain at the final harvest, following the
experimental depositions on the different occasions.

For vegetative plant parts the reduction in TRd with time, from deposition
to sampling, depends partly on dilution by growth and partly on fall-off to
the ground. Penetration into the interior and transfer to other parts as
oulined above may also contribute to the reduction observed. It is thus
found that the rapid early growth, by dilution, reduced the TRd-vahie with
time considerably, from about 1.4 to 0.16 in three weeks. Later in the
season, from the end of July and in August when the relative increase in
weight of the vegetative parts was less the reduction of TRd was also less.

It should be stressed that the initial interception by the crops as shown by
TRd- and FRd-values depends on the development of the surface/weight
ratio of the particular plant part during the season. After depositions on the
maturing plants the initial interception according to the 7/W-values seemed
to reach only about one-quarter of those early in the season. The top values
for the initial interception in the developing ears were recorded after
depositions in July. The retention was duly reduced with time in the same
way as for vegetative parts.

Table 6 shows the distribution of the caesium tracer as FRd on plant parts
after depositions during the growing period. The initial interception was
low at the start of the growth but reaches nearly 40 % after deposition in
July. Of interest here is the residence time, measured as the half-time on
the plant, because there should be a relationship between the activity of
caesium transferred to the grain and that retained on the plant over time.

11



• 134/'
Table 5. Initial interception and retention of Cs after deposition in the spring
wheat crop in 1991. The transfer of caesium to the different crop parts is shown as
TRd, m2(kg d.w.)"1, for each Section and DDay No. and for each Sampling Day No.,
Sad

Sad

184
204
219
245

184
204
219
245

204
219
245

219
245

235
245

Straw and leaves

>5- 20 cm

Section: DDay
0.131±0.034
0.01810.003
0.006+0.000
0.001+0.001
Section: DDay
1.356±0.248
0.162±0.005
0.091±0.010
0.043±0.005
Section: DDay
0.54010.037
0.271+0.008
0.204+0.006

20 - 40 cm

No. 170

0.018+0.010
0.003+0.001
0.000+0.000

No. 183

0.11010.003
0.06610.002
0.03110.008

No. 203
0.81710.011
0.21410.024
0.15810.025

Section: DDay No. 218
0.238+0.020
0.17810.001

0.28910.044
0.13410.012

Section: DDay No. 234
0.42110.016
0.22510.060

0.555+0.088
0.25510.124

>40cm

0.00110.000
O.OOO+D.OOO

0.036+0.008
0.046+0.022

0.32510.113
0.244+0.028

0.34710.069
0.239+0.002

0.61010.093
0.25410.066

Generative
parts,
Ears

0.001+0.001
0.00210.002
0.000+0.000

0.04610.001
0.037+0.005
0.02410.002

0.590+0.076
0.221+0.012
0.14010.014

0.288+0.030
0.14610.008

0.24810.007
0.137+0.064

Whole
crop

0.13110.034
0.016+0.007
0.00310.000
0.000+0.000

1.356+0.248
0.11410.000
0.05510.004
0.03510.011

0.70810.039
0.25610.039
0.17210.003

0.29210.040
0.16710.002

0.434+0.046
0.18410.032

While the reduction of TRd largely depends on both dilution by growth and
on fall-off, the reduction of FRd and the length of the residence time
depend on fall-off only. A comparison of data in Tables 5 and 6 also shows
a much lower reduction in FRd than in TRd.

12



1-134,Table 6. Initial interception and retention of Cs after deposition in the spring
wheat crop in 1991. The transfer of caesium to the different crop parts m is
given as Fractions, FRd, of that deposited per unit area, for each Exp. Section
and DDay No., and for each Sampling Day No., Sad

Sad

184
204
219
245

184
204
219
245

204
219
245

219
255

235
245

Straw and leaves

>5 - 20 cm 20 - 40 cm

Section: DDay No. 170
0.012±0.001
0.002±0.000 0.003+0.002
0.001±0.000 0.001±0.000
0.000±0.000 0.000+0.000
Section: DDay No. 183
0.162+0.007
0.022±0.003 0.036±0.000
0.017+0.001 0.016±0.000
0.005±0.001 0.005±0.000
Section: DDay No. 203
0.080+0.006 0.258±0.024
0.047±0.001 0.049+0.003
0.029±0.001 0.031±0.007
Section: DDay No. 218
0.053±0.009 0.081+0.012
0.030+0.002 0.030±0.002
Section: DDay No. 234
0.067±0.012 0.106±0.002
0.029±0.009 0.045±0.020

>40cm

0.000±0.000
0.000±0.000

0.009±0.001
0.011±0.005

0.088±0.010
0.068±0.014

0.096+0.015
0.070±0.003

0.100±0.001
0.058+0.018

Generative
parts,
Ears

0.000±0.000
0.000+0.000
0.000±0.000

0.061±0.003
0.009+0.002
0.011+0.005

0.041±0.003
0.054+0.001
0.092±0.004

0.081+0.011
0.114+0.006

0.073+0.024
0.073±0.027

Whole
crop

0.012±0.001
0.005±0.002
0.003±0.000
0.000±0.000

0.162±0.007
0.120+0.000
0.050±0.000
0.031+0.001

0.379±0.021
0.238±0.012
0.220±0.018

0.311+0.047
0.244±0.003

0.346+0.036
0.205+0.020

Considering the whole crop, the residence time in July and August seems
to be in the range of 3-4 weeks. With regard to generative parts both Table
6 and Figure 3 show that there is a tendency for an increase of the nuclide
fraction in the ears with time after a deposition even when there is a
general reduction of the nuclide fraction in straw and leaves.

13



S. wheat.. FRd after _dep..on Day .43

50 60 70
Day after emergence

80

Figure 3. Description of the fractions of 134Cs tracer retained by the spring wheat
crop after deposition on July 22,43 days after emergence.

The interception and retention of 85Sr was about 20 % less than that of
134Cs by the wheat crop after deposition. The fall-off was comparatively
larger for 85Sr as shown by Tables 6 and 8. Very little or no 85Sr was
detected in samples of ears from the two sections with the earliest
depositions (Tables 7 and 8). The fractions of both nuclides intercepted by
the ears was about 10 % of that intercepted by the crop totally at DDay 203
but increased with plant growth up to 20-25 % in the latter part of the
season at DDay 218 and at DDay 234 (Tables 6 and 8).

A comparison of Tables 6 and 8 displays differences in the transfer of the
two nuclides to the ears during the latter part of the season. In contrast to
the case with I34Cs, there is no increase of 85Sr in the ears with time, which
indicates that, in contrast to 4Cs there is no translocation of 85Sr to the
grains from inside parts of the plants.

A very low recovery of 85Sr in the sections with early depositions, DDay
No. 170 and DDay No. 183, makes Table 10 incomplete with regard to the
ratios between the tracers for these sections. However, the ratios in the later
sections, DDay No. 203 and DDay No. 218, provide clear evidence of the
fact that caesium and strontium behave differently after being intercepted
by grain crops.

14



Table 7. Initial interception and retention of 85Sr after deposition in the spring
wheat crop in 1991. The transfer of caesium to the different crop parts is given as
TRd, m2(kg d.w.)"1, for each Exp. Section and DDay No. and for each Sampling
Day No., Sad

Sad

184
204
219
245

184
204
219
245

204
219
245

219
245

235
245

Straw and leaves

>5- 20 cm 20 - 40 cm

Section: DDay No. 170
0.093+0.017
0.001+0.001 0.002±0.002
0.000±0.000 0.000±0.000
0.000±0.000 0.000±0.000
Section: DDay No. 183
1.114+0.245
0.137+0.005 0.047±0.005
0.093±0.017 0.040±0.009
0.043+0.017 0.016±0.011
Section: DDay No. 203
0.356±0.005 0.563±0.014
0.204±0.046 0.145±0.009
0.167+0.036 0.127±0.005
Section: DDay No. 218
0.178±0.010 0.233±0.037
0.185±0.007 0.105±0.016
Section: DDay No. 234
0.293+0.022 0.41310.072
0.129+0.129 0.341±0.000

>40cm

0.00010.000
0.00010.000

0.00010.000
0.009+0.009

0.286+0.134
0.231+0.029

0.23010.042
0.20310.007

0.37910.070
0.118+0.118

Generative
parts,
Ears

0.00010.000
0.00010.000
0.00010.000

0.000+0.000
0.000+0.000
0.00010.000

0.36710.093
0.045+0.012
0.026+0.007

0.184+0.008
0.06310.009

0.16310.000
0.12310.021

Whole
crop

0.093+0.017
0.00110.001
0.00010.000
0.00010.000

1.114+0.245
0.06310.003
0.029+0.002
0.012+0.008

0.48010.028
0.167+0.026
0.102+0.000

0.20710.024
0.11110.003

0.296+0.035
0.15810.029
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Table 8. Initial interception and retention of 8SSr after deposition in the spring
wheat crop in 1991. The transfer of caesium to the different crop parts m"z is
given as Fractions, FRd, of that deposited per unit area, for each Section and
DDay No. and for each Sampling Day No., Sad

Sad

184
204
219
245

184
204
219
245

204
219
245

219
245

235
245

Straw and leaves

>5 - 20 cm 20 - 40 cm

Section: DDay No. 170
0.009+0.001
0.00010.000
0.000+0.000
0.000+0.000
Section: DDay
0.133±0.011
0.018±0.001
0.017±0.002
0.005±0.001
Section: DDay
0.054±0.009
0.035±0.008
0.024±0.005
Section: DDay
0.040±0.006
0.031±0.001

0.000±0.000

o.ooo+o.ooo
0.000±0.000

No. 183

0.015±0.001
0.009±0.002
0.002±0.001

No. 203
0.178±0.018
0.033±0.000
0.025±0.003

No. 218
0.065±0.010
0.024+0.003

Section: DDay No. 234
0.047+0.010
0.019±0.019

0.079±0.002
0.062±0.003

>40cm

0.000±0.000
0.000+0.000

O.OOOiO.000
0.002±0.002

0.075±0.019
0.064±0.014

0.064±0.009
0.059±0.000

0.062±0.001
0.032±0.032

Generative
parts,
Ears

0.000±0.000
O.OOOtO.OOO
O.OOOtO.OOO

O.OOOtO.OOO

o.oooto.ooo
0.000+0.000

0.02510.005
0.011 ±0.004
0.01710.004

0.052±0.004
0.04910.007

0.04810.015
0.068+0.004

Whole
crop

0.009+0.001
0.00010.000
O.OOOiO.000
0.00010.000

0.133+0.011
0.03310.000
0.02610.000
0.00910.004

0.25710.015
0.15510.008
0.130+0.008

0.22110.028
0.16310.005

0.23510.021
0.180+0.050

Table 9. Transfer of 1J4Cs and 8SSr to the grain of spring wheat in the deposition
Expt in 1991. Yield levels and transfers refer to the harvest on Sept 2, Sad No 245

DDay
No

170
183
203
218
234

Yield
level, kg
d.w. m

0.1010.02
0.3510.20
0.51+0.03
0.5910.01
0.4210.05

TRd, m2(kg

Cs-134

0.00110.000
0.01810.007
0.11210.016
0.10410.011
0.07310.038

d.w.)1

Sr-85

0.00010.000
0.00010.000
0.01810.006
0.03210.006
0.03210.009

Fraction, FRd

Cs-134

0.00010.000
0.005+0.001
0.057+0.005
0.06110.005
0.02910.012

Sr-85

0.00010.000
0.00010.000
0.00910.002
0.019+0.003
0.01310.002
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Table 10. Ratio between the contents of 8SSr and 134Cs in crop parts
of spring wheat after deposition during the growing period, averages
and standard variation. Vegetativ parts comprise straw and leaves

Sad

184
204
219
245

204
219
245

219
245

Veg. parts

Section: DDay No.
0.816±0.044
0.466±0.206
0.636±0.046
0.420±0.162
Section: DDay No.
0.685±0.009
0.781±0.016
0.894±0.087
Section: DDay No.
0.734+0.011
0.879±0.008

Ears

,183
-
-
-

203
0.611±0.111
0.208±0.090
0.184±0.049
218
0.645+0.057
0.425+0.056

Grain

-
-
-

-
-
0.158±0.040

0.304±0.040

In Table 10, the Sr/Cs ratios in vegetative parts increase with time in the
two latter sections, which should depend on a reduction in the caesium
content relative that of strontium. The explanation of this is thus the
mobility of the ions; caesium is more mobile than strontium. It penetrates
easier into the plants and moves easier with the organic matter (like
potassium) to the ears for build-up of the grains. Consequently, in the ears
there is a reduction of the ratios with time due to a relatively higher inflow
of caesium than of strontium. The ratios are also lower in the grain than in
the ears, which again shows that caesium is more mobile than strontium.

The double labelling of the crop thus permits evaluation of the pathways of
the two nuclides from interception on outer parts up to deposition in the
grains.

4. COMPARISONS WITH EARLIER STUDIES

4.1 Field experiments with artificial depositions of Cs

Depositions at different times during the growing period have different
effects on the contamination of mature grain and seeds. Some differences
may occur also between crops, and therefore cereal crops of spring wheat
and barley as well as peas were also compared in these respects by data on
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vegetative and generative parts of the crops available from experiments
carried out at the Department (cf. Eriksson, 1991 and Appendix I and D).

The retention and transfer observed is discussed on the basis of curves
compiled from values in the tables and calculated according to the least
square method for eq. (3), (Y=a+bt+ct2), where a, b and c are constants, Y
is the yield or dry weight of the crop, TRd- or FRd-values obtained for the
different parts of the crops and t is days numbered after the day when most
of the crop plants had emerged. The development of the crops is shown by
such curves, spring wheat in Figure 2 above, barley and peas in Figures 4
and 5 below.

As shown by these figures the development of straw and ears and pods, the
vegetative and the generative parts, is rather similar. The vegetative parts

10 20 30 40 50 60
Day after emergence

Figure 4. Development of the barley experimental crop during the season.
Day No. 1, or the day of the emergence of the crop is set to the day when
approximately half or more of the plants are visible.

0,7

0,6

1 0,5 \.
8. 0,4

Peas. Crop development

-Straw

-Pods

-Wh. crop^

20 25 30 35 40 45 50 55 60 65 70
Day after emergence

Figure 5. Development of the pea experimental crop during the season.
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reach a top weight after 6 - 8 weeks and decline later when the transfer of
assimilates to the generative parts increases and the grains and peas are
ripening.

4.1.1 Retention of the nuclide on the vegetative parts

The retention of 134Cs on the vegetative parts of the crops after depositions
at different stages of development is indicated by TRd-values in Figures 6 -
8 and by FRd-values in Figures 9 -11 .

Reduction with time as indicated by TRd is influenced both by fall-off and
by dilution by the growth of the plant. The FRd-values show the fraction of
the deposition retained, which is reduced by fall-off. Both values may be
used for calculation of half-lifes of the nuclide intercepted, a reduction
half-time or of a residence half-time, respectively. As shown by Figures 6
- 8 the reduction half-times indicated by the curves differs between crops
and between parts of the season. For spring wheat the half-time is about 2
weeks.

1,4

1,2

1

.Wheat 1991. Straw. TRd after depositions

20 30 40 50 60 70
Day after emergence

80

134,Figure 6. Reduction of the Cs content in spring wheat straw after
depositions during the season as indicated by TRd-values.
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1,5

0,5

Barley Expt in 1990. Straw '

10 20 30 40 50 60 70 80
Day after emergence

1 3 4 ,Figure 7. Reduction of the Cs content in barley straw after
depositions during the season as indicated by TRd-values.

—•—DDay 14

- B - D D a y 2 6

—Ar— DDay 42

20 25 30 35 40 45 50 55 60 65
Day after emergence

Figure 8. Reduction of the 134Cs content in pea straw after
depositions during the season as indicated by TRd-values.

After early depositions in 1990 the half-time was 1 week for barley and 10
days for peas but tended to be longer after depositions later in the season,
about 2 weeks and 2-3 weeks, respectively.

The residence half-times based on the development of the FRd-values, are
shown in Figures 9 - 11. As expected, when dilution by growth is
eliminated, they are longer than the reduction half-times. For the three
crops there is an average common range of 3 - 4 weeks.

Consequently, after depositions during the season, the intercepted burden
of caesium in wet depositions responsible for penetration into the plants
and further transfer to generative parts will have a residence half-time of
this length.
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-DD23
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Hk S. Wheat 1991

. , * k .

. # .! . . . . r ^ .
Straw. FRd

h g g g

20 30 40 50 60 70
Day after emergence

80 90

Figure 9. Reduction of the I34Cs content in spring wheat straw after
depositions during the season as indicated by FRd-values.

Barley, Straw. FRd

• DDay 8

- B - D D a y 2 6 |

DDay 42

20 30 40 50 60
Day after emergence

70 80

Figure 10. Reduction of the 134Cs content in barley straw after
depositions during the season as indicated by FRd-values.

0,25

0,2

Peas. t-Kd ror straw —•—DDay 14

—B— DDay 26

A DDay 42

30 40 50 60
Day after emergence

70

Figure 11. Reduction of the 134Cs content in pea straw after
depositions during the season as indicated by FRd-values.
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4.1.2 Behaviour of the nuclides in generative parts

The development after the depositions during the season of the TRd- and
the FRd-values for generative plant parts is shown in Figures 12-14 and in
Figures 15-17, respectively. According to Figures 12-14, there was usually
a reduction in caesium content per kg d.w. The reason for this should be a
comparatively low contamination level of the assimilates transferred to ears
and pods. The penetration rate into the vegetative parts is too low to
compensate for the dilution achieved by the transfer of the assimilates to
the generative parts. Thus, increasing accumulation of the caesium content
with time in grain and seed on a weight basis does not generally take place
after fallout.

0,

20 40 50 60 70
Day after emergence

80 90

134Figure 12. Reduction of the Cs content in ears of spring wheat after
depositions during the season as indicated by TRd-values.

1,2

1

0,8 •

5 0,6

0,4

0,2

0

Barley Expt in 1990. Ears

DDay 8

DDay 26 ;"

DDay 42 -

H—I—I—I—I—I—I—I
10 20 30 40 50 60

Day after emergence

70

Figure 13. Reduction of the 134Cs content in ears of barley after
depositions during the season as indicated by TRd-values.
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0,3

Peas. TRd for pods

40 45 50 55 60
Day after emergence

65 70

Figure 14. Change with time of the 134Cs content in pods of peas
after depositions during the season as indicated by TRd-values.

0,1
-DD10 S. Wheat 1991. Ears. FRd

; • • p p n n n-

20 30 40 50 60 70 80 90
Day after emergence

Figure 15. Change with time during the season of the Cs content in
ears of spring wheat after depositions as indicated by FRd-values.

40 50 60
Day after emergence

Figure 16. Change with time during the season of the 134Cs content
in ears of barley after depositions as indicated by FRd-values.
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I
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Figure 17. Change with time during the season of the 134Cs content
in pods of peas after depositions as indicated by FRd-values.

Figures 15-17, however, show that the total content of caesium in genera-
tive parts tends to increase during the season after the depositions. The
accumulation seems most efficient if the deposition takes place after the
start of the development of the generative parts, about 40 days after the
emergence of the crop plants.

Figures 18 and 19 contain curves showing the influence of the deposition
time on the efficiency of the transfer of the fallout to grain and seed. Figure
18 shows similarities between crops with regard to the caesium content
curves. Early depositions give small effects on the final caesium content in
grain and seed. Later deposition days tend to increase the transfer. A
maximum is reached when the deposition occurs 40-60 days after the
emergence of these annual crops. Peas reach a top value among the crops.

T3

a:

0 14

0,12

0 , 1 •

0,08

0,06 •

0,04

0,02

0 -

Retention of fallout in grain

XJ*- - .jt-A

X * • C3

f \ -X-Cs
. -rf- . . . . . ^ i-rr1

B'-Ml* l —i 1 i 1 r

TRd for Cs and Sr

sw
Peas ;

Barley g - B

10 20 30 40 50 60
DDay after emergence

70 80

Figure 18. Effect of deposition at different times, DDays, on TRd-values
for Cs and Sr retained in mature grains and seeds in the experiments.
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0,05

Retention of fallout nuclides in grain, FRd

20
-i ! 1 1 i 1——I—

30 40 50 60 70
DDay after emergence

80

Figure 19. Effect of deposition at different times, DDays, on the FRd-values
for i34Cs and 8sSr recovered in grains and seeds in the experiments.

Strontium shows a much lower transfer to the grain, about 15-20 % of that
of caesium. In addition, the strontium transfer to grain seems to be a
parallel to and depends on the interception by the developing ears (Fig. 2).

Figure 19 shows the same relationship between time for deposition and
content of fallout nuclides in the grains and seeds measured in fractions
recovered in the crop harvests. The top value for the recovery of caesium
was 5-6 % when the deposition took place around day 50 after emergence.
The recovery of strontium reached values around 1-2 % (cf. Table 10).

4.2 Fallout studies in grain crops

During the fallout period after the testing of nuclear devices in the atmos-
phere in 1961 and 1962 several field surveys of the contamination level of
agricultural products took place in Sweden (Fredriksson et al. 1962, 1970,
and Fredriksson and Eriksson, 1966). One of these referred to below was
started in the seventies, however, and carried out with grain samples
collected from 840 different field experimental sites in 1964. Each sample
measured was drawn from a bulk sample representing an experimental area
of about half an acre. The sites were at that time situated in 222 of the 415
agricultural districts in Sweden used for official estimation of the yield for
insurance purposes.

These homogenous districts were used as basic units, with separate data for
the fallout with rain in 1964 (Eriksson et al., 1976) in a statistical study of
the relationship between the content of 137Cs in the grain and the deposition
on the ground. Statistical data from the study are given in Tables 11-13.
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Table 11. Means and std for the deposition of Cs in rains and for the content
in cereal grain crops in yield survey districts (n) sampled in the fallout year of
1964. For comparison, TRd-values have been calculated for the grain by using
available data for the deposition on the crops before harvest

Crop

W. wheat
W. rye
S. wheat
Barley
Oats

W. wheat
W. rye
S. wheat
Barley
Oats

n

Deposition

June

Southern Region
27

9
28
45
20

70.3±19.2
60.7±14.1
74.4±19.6
74.7±18.1
75.9±21.5

of'37Cs,Bq

July

72.2±42.9
65.1±31.5
85.5±45.5
83.6±47.7

101.0±54.8

Eastern and Western Regions
84
22
48

120
95

84.0±29.6
74.4±32.6
81.4±28.5
91.8±32.9
88.8±30.7

65.5±18.9
67.3±22.6
65.9±24.8
71.0±21.8
70.3±18.9

m2

August

13.3±5.6
12.2±5.6
15.9±7.0
15.9±7.8
17.4±9.3

41.4±16.3
37.7±20.4
38.5±13.7
42.9±17.8
42.2±15.5

137Cs in
grain,
Bq/kg d.w.

13.0±4.4
23.3±4.8
13.7±5.2
18.1±5.9
14.1±5.2

13.3±4.8
22.2±7.8
11.1±3.7
12.2±3.3
11.1±3.3

TRd-
value,
m'kg1

0.091 a)
0.171 a)
0.078
0.104
0.073

0.070
0.123
0.060
0.059
0.055

a) Deposition in August was not included when the TRd-values were calculated.

Table 11 gives information on the average distribution of fallout during the
season, on the average caesium transfer to the grain of the crops, and on the
average TRd-values calculable from the deposition on the crop before
harvest and the caesium content in the grain.

It is observed in Table 11 that the fallout reaches about the same levels in
June and in July but is markedly lower in August. Some conclusions can
also be drawn on the sensitivity of the crops to fallout. The TRd-values
were higher in the southern region, where the crops, especially the winter
crops, start to develop earlier than in the rest of the country. Winter rye is
by far most sensitive to fallout and obtains double the caesium content of
winter wheat. The reason may be open flowers due to the fact that rye is a
cross fertiliser.

The regression analysis carried out indicated, as could be expected (cf.
Table 12), that the longer the part of the growing period that was
considered as fallout period in the study, the more of the variation in the
caesium content of the grain was explained (R2).
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Table 12. Fraction of the variation of the 137Cs content in grain explained
by the variation in deposition of I37Cs, R2, obtained at regression analyses
according to the equations : Yl=bO+bl*DJune, Y2=bO+bl*DJune+b2*DJuly
and to Y3=bO+bl*DJune+b2*DJuly+b3*DAugust, where Y was the
caesium content in grain and D the deposition of 137Cs

Region

Southern

Eastern +
Western

Crop

W. wheat
W.rye

S. wheat
Barley

Oats

W. wheat
W.rye

S. wheat
Barley

Oats

R2

Yl

0.54
0.29
0.67
0.52
0.47

0.34
0.54
0.23
0.05
0.12

Y2

0.76
0.62
0.74
0.58
0.47

0.43
0.55
0.40
0.11
0.29

Y3

0.76
0.58
0.55

0.43
0.57
0.50
0.31
0.35

In Table 13 some data on Bq per kg d.w. have been added to the original.
The Table shows that the statistical analysis enabled estimates to be made
of the TRd-values for depositions during separate months. Most of the
estimates were confirmed by the Tb-values obtained. Again, the TRd-
values and the monthly depositions found made it possible to evaluate the
origin and the content of caesium in the grain according to the formulas
given.

Thus in the southern region the transfer to grain of caesium deposited with
rain in June seemed higher than of that deposited in the following months.
One plausible interpretation may be that under the conditions prevailing in
this region, the early caesium transfer along the route; atmospheric fallout -
interception by plant surfaces - penetration into the interior - inside
transfer to ears and grain, has been much more efficient than the direct
contamination of ears and transfer to grain in the following months. In the
eastern and western regions, only the early developing winter rye showed
the same tendency. Otherwise, the TRd-value or the relative contribution
from the following months, July and/or August seemed equal or higher.

The comparison of Figure 18 and Table 13 with regard to the spring sown
crops display differences between the TRd-values found for the regions. In
the southern region, the TRd-values found for the transfer from the June
deposition was considerably higher than that from the July deposition.
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Table 13. Regression of 137Cs content in grain on the estimated monthly deposition of
l37Cs. Analyses according to Eq. Y=bO+bl*DJune+b2*DJuly+ b3*DAugust. (D has the
dimension m2 ,Y and bO the dimension kg'1 and so bl, b2 and b3 obtains the
dimension m2kg~'.) (1 nCi = 37 Bq)

Crop

W. wheat

W. rye

S. wheat

Barley

Oats

W. wheat

W. rye

S. wheat

Barley

Oats

R2

0.76

0.62

0.76

0.58

0.47

0.43

0.55

0.5

0.31

0.35

bO-value

nCi kg"1

Southern
0.001

0.237

-0.05

0.018

0.031

Bqkg1

Region
0.0

8.8

-1.9

0.7

1.1

b

No

bl
b2

bl
b2

bl
b2
b3

bl
b2

bl

(TRd)

m2kg'

0.129
0.054

0.143
0.087

0.140
0.028
0.170

0.190
0.035

0.168

Eastern and Western Regions
0.033 1.2 bl 0.076

b2 0.086

0.205

0.042

0.157

0.046

7.6

1.6

5.8

1.7

bl
b2

bl
b2
b3

bl
b2
b3

bl
b2
b3

0.160
0.041

0.025
0.067
0.082

0.003
0.033
0.084

0.022
0.074
0.054

Tb-
values

4.976***
4.656***

1.709
2.301

3.605**
2.191*
1.482

5.060**
2.487*

3.984***

5.037***
3.646***

3.496**
0.629

1.536
3.598***
2.922**

0.34
2.536*
5.863***

2.176*
4.529***
2.822**

Dep.
ofCs,
nCi m"2.

1.90
1.95

1.64
1.76

2.01
2.31
0.43

2.02
2.26

2.05

2.27
1.77

2.01
1.82

2.20
1.78
1.04

2.48
1.92
1.16

2.40
1.90
1.14

Bq (kg d.w)

. Orig. Tot.

9
4

9
6

10
2
3

14
3

13

6
6

12
3

2
4
3

0
2
4

2
5
2

13

23

17

18

14

13

22

11

12

11

These top June values showed a range 0.14-0.19 while the July values were
around 0.03. During the period of ripening, there was also a tendency in
spring sown wheat that the TRd-value for August rose again. (In Figure 18,
the Day No. 1-30 corresponds to June in Table 13, Day No. 31-60 to July
and so on.)
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For the East-West Region, Table 13 indicates similarities to tendencies
shown in Figure 18 with regard to the development of the TRd-values over
the season. Thus, the TRd-values are low for June but increase to much
higher values for the following months. Spring wheat and barley indicate
top sensitivity for fallout in August, oats in July. The top TRd-values are
somewhat lower, 20-25 %, than those found experimentally (c.f. Figure 18
and Table 9).

However, even if the experimental conditions may have been more
favourable for interception of depositions in spring-sown crops, the level of
the agreements between experiments and fallout under field conditions was
remarkably high. Also it should be remembered that in the Southern
Region, where the sensitivity to fallout in June was higher than to that in
July, the top TRd-values calculated statistically for 1964 were 30-50 %
higher than in the experiments. The observed differences of the crops with
regard to fallout transfer to grain following depositions during different
parts of the season may have various reasons. One may be that the weather
conditions, rain intensity, differed considerably between months, another
that the crops during their different stages of development have canopies of
different size and with different affinity and capacity for inter-ception and
absorption of minerals from the atmosphere.

5. CONCLUSIONS

The experiments were carried out in the field on micro-plots. The aim was
to study the interception and retention by spring wheat as compared with
barley and peas of simulated fallout nuclides wet-deposited at different
times during the season. The experimental results are compared with those
of fallout studies in Sweden regarding the conditions in 1964.

It was found that the interception capacity of vegetative parts and ears
varied with the stage of development of the crop. (The yield was measured
in kg d.w. m"2 and the capacity in TRd.) Thus, the initial interception
during the season started from a comparatively low level, reached a peak
value in the early part of July and then decreased again. This development
can be understood as a function of the leaf area/weight ratio of the plants as
it is displayed in the developing normal crop during the season.

The retention of the intercepted material in the crops when harvested can
be discussed from two points of view. One is the transfer ratio between
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nuclide content per kg d.w. and the deposition of the nuclide per m2, TRd,
and the other is the fraction of the nuclide retained in the crop, FRd. The
former is not yield dependent and changes mostly because of growth,
which causes dilution of retained material and on losses by fall-off from
the plants to the ground. However, also other nuclide movements,
penetrations from outside to inner parts, and transfer from vegetative parts
to generative parts contribute to both of the values obtained for the
harvested material.

Changes in TRd during growth can be described by reduction half-times
and are valid both for experimental and natural conditions. FRd depends
also on the changes in biomass of the whole plant cover per unit area. A
residence half-time can be calculated from the development of FRd.

It was found that the rapid early growth, by dilution, reduced the TRd-
value with time considerably, from about 1.4 to 0.16 in three weeks. Later
in the season, from the end of July and in August, when the increase in
weight of the vegetative parts was less also the reduction of TRd was less.
The reduction half-time was often about two weeks.

The initial interception according to FRd was low at the start of growth but
reached nearly 40 % after deposition in July. Here the residence time is of
interest, because there should be a relationship between the activity of
caesium transferred to the grain and that residing on the plant over time.

The residence half times are longer than the reduction half-times. For the
three crops studied there was an average common range of 3 - 4 weeks.
Consequently, after depositions during the season the intercepted burden of
caesium in wet depositions responsible for penetration into the grain crop
plants and further transfer to generative parts will have a residence half-
time of this length.

There was a reduction with growth in caesium content per kg d.w. in
generative parts as well as in vegetative parts. The penetration rate into the
vegetative parts was too low to compensate for the dilution achieved by the
transfer of the assimilates to the generative parts. Thus, increasing
accumulation of the caesium content with time in grain and seed on a
weight basis does not generally take place after fallout.

The total content of caesium in generative parts tended to increase during
the season after the depositions, however. The accumulation in ears and
pods according to the increasing FRd-values seemed most efficient if the
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deposition took place after the start of the development of the generative
parts, about 40 days after the emergence of the crop plants.

Strontium shows a much lower transfer to ears and grain, about 15-20 % of
that of caesium. In addition the strontium transfer seemed to depend on
interception by the developing ears. The top value for the recovery of
caesium was 5-6 %, found after experimental depositions around day 50
after emergence. The top recovery of strontium reached values around 2 %.

Comparison of the experimental studies with fallout studies carried out in
1976 on material from the fallout period in 1964 after the testing of nuclear
devices in the atmosphere in 1961 and 1962 showed agreements as well as
differences between experimental and field studies. The field study was
worked by statistical methods and the analysis enabled estimates to be
made of the TRd-values for depositions during separate months. Most of
the estimates were confirmed by the Tb-values obtained.

In the southern region of the country the transfer to grain of caesium
deposited with rain in June seemed higher than of that deposited in the
following months. One plausible interpretation may be that under the
conditions prevailing in this region the early caesium transfer along the
route; atmospheric fallout - interception by plant surfaces - penetration
into the interior - inside transfer to ears and grain, has been much more
efficient than the direct contamination of ears and transfer to grain in the
following months. In the eastern and western regions, only the early
developing winter rye showed the same tendency. Otherwise the TRd-value
or the relative contribution from the following months, July and/or August
seemed equal or higher.

However, even if the experimental conditions may have been more
favourable for interception of depositions in spring sown crops, the level of
the agreements between experiments and fallout under field conditions was
remarkably high. Also it should be remembered that in the Southern
Region, where the sensitivity to fallout in June was higher than to that in
July the top TRd-values calculated statistically for 1964 were considerably
higher than in the experiments by 30-50 %. The observed differences of the
crops with regard to fallout transfer to grain following depositions during
different parts of the season may have various reasons. One may be that the
weather conditions, rain intensity, differed considerably between months,
another that the crops during their different stages of development have
canopies of different size and with different affinity and capacity for inter-
ception and absorption of minerals from the atmosphere.
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7. Appendix I. Experimental data on the retention of caesium tracer in barley,
1990 (Eriksson, 1991).

Table 1.1 Mean yields in kg dry weight m*2 and the distribution of the weight on
straw and leaves, ears and grain at the six sampling days, Sad, in the deposition
experiment in barley, 1990

Corf

159
177
193
206
215
225

Straw and

5-25 cm

0.09 ±0.01
0.12 ±0.02
0.22 ±0.01
0.18 ±0.01
0.13 ±0.01
0.14 ±0.01

leaves

>25cm

0.13 ±0.02
0.23 ± 0.05
0.21 ±0.03
0.14 ±0.03
0.12 ±0.02

Generative parts

Ears Grain

0.07 ±0.01
0.20 ± 0.01
0.39 ± 0.03
0.49 + 0.05
0.52 ± 0.06 0.43 ± 0.06

Wholp
plant

0.09 + 0.01
0.31+0.04
0.65 + 0.08
0.78 + 0.05
0.76 + 0.09
0.77 + 0.08

Table 1.2 Interception and retention of 134Cs in the deposition experiment in barley
given for the sampling days, Sad, as means of TRd, m2(kg d.w.)'1 for the whole plant
and for the various plant parts in the sections of the experiment linked to the
deposition on different Deposition days, DDays

Sad

159
177
193
206
225

177
193
206
225

193
206
225

206
225 .

215
225

Straw and leaves

5-25 cm

DDay No. 158
1.963 ±0.146
0.262 ± 0.009
0.112 ±0.012
0.091± 0.018
0.083 ± 0.021
DDay No. 176
1.091 ±0.291
0.470 ±0.101
0.400 ± 0.093
0.444 ± 0.040
DDay No. 192
0.457 ±0.111
0.248 ± 0.028
0.225 ± 0.063
DDay No. 205
0.673 ±0.112
0.446 ± 0.090
DDay No. 214
0.718 ± 0.240
0.874 ±0.158

>25cm

0.195 ±0.030
0.079 ±0.019
0.078 ±0.031
0.054 ± 0.015

1.230 + 0.026
0.465 ± 0.069
0.456 ± 0.069
0.417 ±0.017

0.553 ±0.116
0.330 ±0.017
0.252 ± 0.030

0.743 ± 0.086
0.482 ± 0.072

1.082 + 0.243
0.743 ± 0.064

Generative

Ears

0.172 + 0.014
0.057 ±0.010
0.068 + 0.043
0.028 ± 0.005

1.030 ±0.068
0.253 ± 0.027
0.173 ±0.014
0.128 ±0.011

0.432 ± 0.064
0.282 ± 0.027
0.268 ±0.148

0.327 ± 0.027
0.177 ±0.038

0.296 ± 0.068
0.234 ± 0.016

parts

Grain

0.018 ±0.003

0.094 ± 0.009

0.116 + 0.008

0.112 ±0.022

0.099 ±0.010

Whole
TV llUAv

plant

1.963 ±0.146
0.214 ±0.016
0.083 ±0.013
0.076 ±0.017
0.042 + 0.008

1.136± 0.111
0.403 + 0.061
0.307 + 0.039
0.232 ±0.016

0.476 ±0.081
0.287 + 0.016
0.258 ± 0.090

0.510 ±0.049
0.277 ± 0.050

0.506 ±0.114
0.345 ±0.127
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7. Appendix I. Experimental data on the retention of caesium tracer in barley,
1990 (Eriksson, 1991). Continued.

Table 1.3 Interception and retention of l34Cs in the deposition experiment in barley
given for the sampling days, Sad, as means of FRd,the fraction of the deposition per
m2, for the whole plant and for the various plant parts in the sections of the
experiment linked to the different Deposition days, DDays

Sari

159
177
193
206
225

177
193
206
225

193
206
225

206
225

215
225

Straw and leaves

5-25 cm

DDay No. 158
0.183 + 0.036
0.030 ± 0.003
0.024 + 0.003
0.015 ±0.002
0.012 ±0.005

DDay No. 176
0.135 ±0.030
0.094 ± 0.011
0.062 ± 0.014
0.060 ± 0.004

DDay No. 192
0.105 ±0.025
0.045 ± 0.006
0.036 ±0.014

DDay No. 205
0.133 ±0.018
0.063 ±0.010

DDay No. 214
0.093 + 0.032
0.115 ±0.019

>25cm

0.024 ± 0.003
0.022 ± 0.007
0.018 + 0.005
0.007 + 0.003

0.149 ±0.017
0.125 + 0.031
0.097 ± 0.008
0.054 ± 0.003

0.087 ±0.012
0.070 ± 0.008
0.030 ± 0.006

0.134 ±0.039
0.061 ± 0.005

0.145 ±0.037
0.084 + 0.009

Generative

Ears

0.011 ±0.000
0.012 ±0.002
0.027 ±0.019
0.014 + 0.002

0.065 ±0.010
0.050 ± 0.008
0.059 ± 0.005
0.064 ±0.001

0.083 ±0.011
0.118 + 0.014
0.146 ±0.075

0.135 ±0.013
0.087 + 0.015

0.149 ±0.046
0.120 + 0.006

parts

Grain

0.008 ± 0.002

0.039 ±0.001

0.053 ±0.001

0.045 ± 0.009

0.042 ± 0.001

Whnlp
TV UU1C

plant

0.183 ±0.036
0.065 ± 0.005
0.057 + 0.011
0.060 ±0.015
0.033 ±0.010

0.350 ± 0.021
0.268 ± 0.045
0.218 ±0.013
0.178 ±0.004

0.276 ± 0.033
0.234 ± 0.020
0.212 ± 0.067

0.402 ± 0.038
0.211 ±0.012

0.387 + 0.106
0.252 ± 0.098
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8. Appendix EL Experimental data on the retention of caesium tracer in peas,
1990 (Eriksson, 1991).

Table HI Development of the pea crop during the experimental season as shown by
yield data, given as kg dry weight per m2 at the sampling days, Sad, (Julian day No.)

Sad

177
193
206
215
227

Straw

0.06 ± 0.02
0.27 ± 0.09
0.37 ±0.11
0.35 + 0.13
0.26 ± 0.04

Pods

0.07 ± 0.03
0.28 ±0.15
0.42 ± 0.07

Peas

0.22 ± 0
0.33 ± 0.05

Whole crop

0.06 ± 0.02
0.27 + 0.09
0.44 ±0.13
0.63 ± 0.28
0.68 ± 0.09

Table 11.2 Interception and retention of 134Cs by the pea crop during the
experimental season as shown by TRd, mz(kg d.w.)1. Deposition day number is
given as DDay No. and sampling day number as Sad (Julian Day No.)

Sad

177
193
206
227

177
193
206
227

193
206
227

206
227

215
227

Straw

DDay No. 164
0.382 ±0.117
0.067 + 0.005
0.051 ±0.017
0.105 ±0.017

DDay No. 176
3.003 ±0.114
0.382 ±0.126
0.204 + 0.012
0.228 ± 0.002

DDay No. 192
1.143 ±0.257
0.529 ± 0.036
0.453 ± 0.055

DDay No. 205
1.238 ±0.048
0.726 + 0.003

DDay No. 214
0.861± 0.014
0.645± 0.351

Pods

0.003 ± 0.001
0.010 ± 0.001

0.044 ± 0.003
0.054 + 0.016

0.258 ± 0.002
0.159 ±0.056

0.298 ± 0.007
0.196 ±0.035

0.154 ±0.013
0.152 ±0.106

Peas

0.008 ± 0.001

0.048 ±0.014

0.123 ± 0.045

0.161 ± 0.009

0.073 ± 0
0.110 ±0.061

Whole crop

0.382 ±0.117
0.067 ± 0.005
0.044 ± 0.014
0.049 ± 0.006

3.003 ±0.114
0.382 ±0.126
0.174 ±0.008
0.114 ±0.007

1.143 + 0.257
0.485 ± 0.019
0.273 ± 0.033

1.096 ±0.026
0.413 ± 0.025

0.559 + 0.022
0.350 ±0.176
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8. Appendix II. Experimental data on the retention of caesium tracer in peas,
1990 (Eriksson, 1991). Continued.

r134.Table n.3 Interception and retention of Cs by the pea crop during the season as
shown by FRd, the fraction of that deposited at different times. Deposition day No. is
given as DDay No. and the sampling day number below Sad (Julian Day No.)

Sad

177
193
206
227

177
193
206
227

193
206
227

206
227

215
227

Straw

DDay No. 164
0.0235 ± 0.0049
0.0205 ± 0.0059
0.0250 ± 0.0085
0.0300 + 0.0014

DDay No. 176
0.180 + 0.081
0.101 ±0.007
0.080 ± 0.027
0.053 ± 0.001

DDay No. 192
0.244 ±0.165
0.175 + 0.066
0.111 + 0.025

DDay No. 205
0.319 + 0.010
0.207 ± 0.007

DDay No. 214
0.303 + 0.110
0.196 ±0.125

Pods

0.0040 ± 0.0014

0.004 ±0.001
0.025 + 0.007

0.015 ±0.001
0.061 ±0.016

0.014 ±0.001
0.081 ±0.008

0.044 ± 0.026
0.073 ± 0.069

Peas

0.0025 + 0.0007

0.018 ± 0.006

0.037 ±0.011

0.053 ± 0.008

0.016 ±0
0.039 ± 0.032

Whole crop

0.0235 ± 0.0049
0.0205 ± 0.0059
0.0250 ± 0.0085
0.0350 ± 0.0000

0.180 ±0.081
0.101 ±0.007
0.085 ± 0.029
0.080 ± 0.004

0.244 ±0.165
0.189 ±0.066
0.171 ±0.009

0.333 ±0.012
0.287 ± 0.000

0.346 ±0.137
0.268 ±0.194
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