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Summary

This study was aimed to reveal systematically that the
accumulation and migration dynamics of radiocesium
(RCs) in deciduous orchards contaminated during the
dormancy before sprouting due to the Fukushima Daiichi
Nuclear Power Plant (FDNPP) accident. Based on the
hypothesis that RCs on the bark is the source of inward-
migration into tree and RCs transferred to the fruit directly
from the bark as for the deciduous fruit trees contaminated
in the dormant season, the following investigation and
examinations were conducted to verify (1) direct migration
into the tree from bark (2) transport via leaves deposited
from bark after sprouting (indirect contamination) (3)
absorption and leaching of *3’Cs through epidermis over
the bark (4) behavior of *¥'Cs in stemflow caused by
rainfall.

1. Vertical profiles of RCs and of undergrowth root in
orchards contaminated by FDNPP accident.

Five orchards approximately 60 to 65 km northwest of
the FDNPP were selected for investigation. Three of them
belonged to the Fruit Tree Research Center (FTRC),
Fukushima Agricultural Technology Center in the city of
Fukushima. The other two were orchards in the town of
Kohri and in the city of Fukushima. The temporal changing
of the vertical profile of 13’Cs in soil in the depth of 30 cm
in each orchard was verified. As a result, in 2011 of the year
occurred FDNPP accident, it was found that more than
80% of 137Cs was present in the topsoil of 3 cm for at least
7 months after contamination.

Furthermore, the root distribution and *¥Cs
concentration of the undergrowth root within the depth of
15 cm in three orchards in the FTRC, in which sod-culture
management is carried out by mixed planting of perennial
grass species, was investigated. As a result, the distribution
of the root weight of the undergrowth was 73.8% at the
topsoil of 3 cm within the depth of 15 cm. In addition, the
137Cs concentration in the root of undergrowth was lower
in the deeper layer than that in the topsoil of 3 cm.

2. Contamination of RCs in fruits and leaves in the first
year after FDNPP accident.

The following 17 orchards were selected for
investigation: eight orchards with 6 different fruits (cherry,
peach, grape, Japanese pear, apple and Japanese
persimmon) in FTRC, three orchards (peach, grape and
Japanese persimmon) in Date City, four orchards (cherry,
peach, Japanese pear and apple) in Fukushima City, and
one peach orchard in Kohri Town.

Topsoils of 5cm and mature fruits were collected in each
orchard. Transfer factor (TF) was calculated by the
following equation.

TF = radiocaesium concentration in mature fruit (Bq * kg
L FW) / radiocaesium concentration in the top 20 cm soil
(Bg - kg DW),

where kg FW and kg DW are based on fresh weight and on
dry weight. Radiocaesium concentration in soil was taken
one-fourth of the top 5 cm RCs concentration as the mean
concentration in the depth of 20 cm. TFs were 4.7 x 103 to

5.4 x 102, which was one to two order of magnitude higher
than that of the previous studies excluding chestnuts.
Obviously higher *3"Cs concentrations in fruits detected as
the indirect absorption from the soil considering the TF.

Furthermore, the concentrations of *3Cs in the leaves of
fruit trees planted in FTRC were compared with the
concentrations of ¥’Cs in the foliage of undergrowth
grown in the same orchard. The leaves of the following
undergrowth was collected in summer for annual plant and
in mid-September for perennial plant; barnyardgrass
(Echinochloa crus-galli (L.) Beauv. var. crus-galli),
southern crabgrass (Digitaria ciliaris (Retz.) Koeler) and
common purslane (Portulaca oleracea L), for annual plant,
and Japanese dock (Rumex japonicus Houtt.), Kentucky
bluegrass (Poa pratensis L) and white clover (Trifolium
repens L), for perennial plant. As a result, there was a
significant difference between the ¥’Cs concentrations in
the leaves of the fruit trees and of the undergrowth. The
187Cs in the leaves of fruit trees was approximately three
times higher than that of undergrowth. This result was
inconsistent with the positional relation of the root between
undergrowth and fruit trees.

3. Verification of the pathway of inward-migration into the
deciduous tree contaminated in dormancy.

Five tree species planted in FTRC, peach, sweet cherry,
grape, Japanese pear and apple, selected for the
investigation. On May 10 in 2011, the radiation count rates
at the top, side, and bottom (ground-facing) sites were
measured on scaffold limbs at 30 cm from the bifurcation.
As a result, the radiation count rate on the surface of the
scaffold limb was significantly different due to the
measured site, and was higher in the order of top> side>
bottom indicating that more RCs were deposited on the
sky-facing side of the scaffold limb than that on the
ground-facing side.

RCs solution extracted from peach bark was pasted on
the surface of main trunk of non-contaminated peach
seedlings, or the washed solution of yuzu leaves was
sprayed over the canopy of non-contaminated young peach
tree. Both treatment conducted before sprouting. As a
result, 34 to 85 Bq- kg FW RCs were detected from leaves
and 5.6 Bq - kgt FW RCs were detected from fruits. It was
confirmed that RCs migrated from bark to leaves and fruits
due to contamination before sprouting.

A Japanese persimmon 'Hachiya' planted in FTRC
before the FDNPP accident (tree in orchard) was excavated
to a depth of about 2 m on January 31 in 2012, and
dismantled into each organs. In addition, 6-year-old young
trees of non-contaminated Japanese persimmon 'Hachiya'
were planted on March 28 in 2013 using soils collected
from the contaminated Japanese persimmon orchard in
FTRC (potted tree), and 1 tree per year was dismantled
from 2014 to 2016. The distribution ratio of *¥Cs in the
underground and above-ground parts of tree in orchard and
potted trees was compared. As a result, the distribution of
187Cs in the xylem at above-ground and at underground
were 70% and 30.0% for tree in orchard, and means of
137Cs distribution between 2014 and 2015 at above-ground
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and at underground were 35.0% and 65.0% for potted tree.

The relation of *3’Cs distribution at above-ground and at

underground between tree in orchard and potted tree was

almost reversed.

4. Decontamination effects of bark washing with a high-
pressure washer on peach [Prunus persica (L.) Batsch]
and Japanese persimmon (Diospyros kaki Thumb.)
contaminated with RCs during dormancy.

The bark washing treatment carried out in the winter in
the first year after FDNPP accident using the peach

‘ Kawanakajima Hakuto > in FTRC and Japanese
persimmon  ‘Hachiya’ in farmer’s orchard in Date City.
RCs concentration in fruit the both species significantly
reduced the following year. The effect of bark washing in
Japanese persimmon continued for several years, and the
decontamination effect on the *’Cs concentration in the
fruit was estimated to be 29.1%. However, the
effectiveness of bark washing on RCs decrease in peach
fruit was only one year. Since peaches do not form rough
bark easily and Japanese persimmon easily form rough
bark, the difference in the bark washing effect was
presumed to be due to the presence or absence of
exfoliation of the bark.

5. Effects of bark washing and epiphytic moss on ¥’Cs
activity concentration in bark and stemflow in Japanese
persimmon.

Atea pack (made of polyester / polyethylene composite
fiber; sphagnum pad) was placed on the moss grown over
the main trunk, and the amount of ¥Cs held in the
sphagnum pad was measured by collecting the sphagnum
pad at each events of rainfall. As a result, a significant
proportional ~ expression was obtained between
precipitation and the amount of *¥’Cs. In addition, more
137Cs was collected by the sphagnum pad placed on the site
with moss than that placed on the adjacent site with no
moss growing. Furthermore, a significantly higher
concentration of 13’Cs was detected in the bark just under
the moss than that in the adjacent bark with no moss
growing. The concentration of *¥Cs in the Entodon moss
[Entodon challengeri (Paris) Card.] growing over the bark
of unwashed Japanese persimmon trees in farmer’s
orchard in Date City showed a significant difference
between the year from the fifth year after contamination
and the next year. And the concentration of ¥Cs in the
moss decreased over time from 2015 of the fifth year after
contamination. These result indicated that the epiphytic
moss could act as a long-term reservoir of *3’Cs for the fruit
tree.

6. Translocation of '3’Cs into deciduous fruits via foliar
interception.

Approximately 1~3 Bg - mL* dissolved ¥'Cs solution
extracted from moss collected from Kawamata Town and
litate Village was pasted on the surface of leaves of
Japanese persimmon, sweet cherry and grape to verify the
transfer rate of 1*’Cs via leaves to fruits and the transfer rate
(%) of absorbed **Cs into fruits. As a result, the transfer
rate of 1¥Cs via the leaves depended on the phenological
stage of fruits at the time of treatment, the distance between

the spiked leaves and fruits, and the number of fruit in
cluster. The transfer rate of *¥’Cs via leaves at the beginning
of coloring or at the fruit growing stage was 14.34.9%,
18.1%5.1% and 16.4%5.0% in sweet cherry, grape and
Japanese persimmon. As a consequence, there was no
difference in the transfer rate via leaves between the fruit
species from the fruit growing stage.

Based on the fruit to leaves ratio of 13’Cs concentration
at the harvest by the treatment of contamination at the
young fruit stage and fruit growing stage, the relative
contributions of the ¥'Cs via leaves to the '¥'Cs
concentration in Japanese persimmon fruits at farmer’s
orchard in Date City was calculated. As a result, it was 34.2
* 6.3% (mean value + standard deviation) for the
contamination at the young fruit stage and 16.9 + 3.1% for
the contamination at the fruit growing stage. The high
concentration of *¥Cs solution for stemflow used in the
experiment suggests that the contribution of indirect
transfer to the fruit via the leaves is unlikely high.

As a consequence, it was concluded based on the results
of investigation and experiment examined in this study;
(1) RCs on the bark were the main source of migration into
deciduous fruit trees contaminated during the dormancy.
(2) Most of the 1¥’Cs detected in the mature fruit of the

deciduous fruit tree was translocated by the inward-

migration via bark.

Considering the findings of this study, a compartment
model on the accumulation and migration pathways of
RCs in orchards contaminated during dormancy was
proposed. Compared with the compartment model by the
previous study, epiphytic moss over the bark for an external
storage component feeding the stemflow, undergrowth for
topsoil elements, and soil pores (pores) for downward-
migration elements of RCs in soil was added to the
elements.
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ATHEG6 FHEMIEMTRS 0~30 cm OTEEF ¥Cs  REET—F (2011 F~2017 4E)

# A6.1 FRHZEAT Y o2 HE S

Orchard Date Elapsed days Depth BCs DP Distribution rate
(kBg - kg DW) (%)
(cm) Mean + SD Mean + SD
KO 2011/4/15 31 15 471E+01 9.66E+01
KO 2011/4/15 31 45 4.94E-01 2.14E+00
KO 2011/4/15 31 75 1.36E-01 5.88E-01
KO 2011/4/15 31 10.5 2.31E-02 9.99E-02
KO 2011/4/15 31 135 1.54E-02 6.66E-02
KO 2011/4/15 31 165 1.41E-02 6.11E-02
KO 2011/4/15 31 21 1.41E-02 1.22E-01
KO 2011/4/15 31 27 3.21E-02 2.78E-01
KO 2011/5/25 71 15 1.16E+01 9.10E+01
KO 2011/5/25 71 45 3.18E-01 5.26E+00
KO 2011/5/25 71 75 1.30E-01 2.14E+00
KO 2011/5/25 71 105 6.14E-02 1.02E+00
KO 2011/5/25 71 135 1.39E-02 2.29E-01
KO 2011/5/25 71 16.5 8.67E-03 1.43E-01
KO 2011/5/25 71 195 2.83E-03 4.68E-02
KO 2011/5/25 71 225 2.49E-03 4.12E-02
KO 2011/5/25 71 255 2.44E-03 4.04E-02
KO 2011/5/25 71 285 5.23E-03 8.65E-02
KO 2011/10/25 224 15 5.56E+00 9.13E+01
KO 2011/10/25 224 45 4.17E-02 1.39E+00
KO 2011/10/25 224 75 2.53E-02 1.04E+00
KO 2011/10/25 224 105 1.89E-02 6.93E-01
KO 2011/10/25 224 135 1.79E-02 6.93E-01
KO 2011/10/25 224 16.5 2.13E-02 6.93E-01
KO 2011/10/25 224 195 3.86E-02 1.39E+00
KO 2011/10/25 224 225 2.13E-02 6.93E-01
KO 2011/10/25 224 255 2.42E-02 6.93E-01
KO 2011/10/25 224 285 3.70E-02 1.39E+00
KO 2012/5/24 436 15 145E+01 £ 9.96E+00 8.56E+01
KO 2012/5/24 436 45 6.64E-01 + 234E-01 8.29E+00
KO 2012/5/24 436 75 1.67E-01 +  8.72E-02 2.08E+00
KO 2012/5/24 436 10.5 1.13E-01 +  2.74E-02 1.41E+00
KO 2012/5/24 436 135 4.61E-02 +  4.44E-03 5.75E-01
KO 2012/5/24 436 18 4.03E-02 + 9.77E-03 1.01E+00
KO 2012/5/24 436 255 2.78E-02 +  447E-03 1.04E+00
KO 2013/5/22 799 15 160E+01 £+ 1.57E+00 7.48E+01
KO 2013/5/22 799 45 184E+00 £ 1.26E+00 1.74E+01
KO 2013/5/22 799 75 3.61E-01 + 1.63E-01 3.45E+00
KO 2013/5/22 799 12 1.81E-01 + 1.89E-01 3.34E+00
KO 2013/5/22 799 18 3.14E-02 + 1.25E-02 6.02E-01
KO 2013/5/22 799 255 1.56E-02 +  8.20E-03 4.47E-01
KO 2014/7/16 1219 15 1.32E+01 + 6.54E+00 7.00E+01
KO 2014/7/16 1219 45 151E+00 +  8.36E-01 1.69E+01
KO 2014/7/16 1219 75 7.35E-01 + 7.34E01 8.22E+00
KO 2014/7/16 1219 10.5 1.45E-01 +  5.08E-02 1.62E+00
KO 2014/7/16 1219 135 8.39E-02 +  4.04E-02 9.39E-01
KO 2014/7/16 1219 165 6.33E-02 +  3.38E-02 7.07E-01
KO 2014/7/16 1219 195 5.61E-02 +  3.70E-02 6.27E-01
KO 2014/7/16 1219 225 3.39E-02 + 3.18E-02 3.79E-01
KO 2014/7/16 1219 255 3.32E-02 +  3.40E-02 3.71E-01
KO 2014/7/16 1219 285 2.07E-02 + 6.38E-03 2.31E-01
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Orchard Date Elapsed days Depth 187Cs Distribution rate
(kBq - kgl DW) (%)
(cm) Mean + SD Mean + SD

KO 2015/7/17 1585 15 6.12E+00 = 1.13E+00 8.05E+01 + 1.21E+01
KO 2015/7/17 1585 45 4.51E-01 + 298E-01 126E+01 £+  8.05E+00
KO 2015/7/17 1585 75 1.22E-01 + 1.24E01 352E+00 +  3.45E+00
KO 2015/7/17 1585 105 4.55E-02 +  2.78E-02 131E+00 * 9.04E-01
KO 2015/7/17 1585 135 2.07E-02 + 1.71E-03 6.56E-01 + 5.19E-02
KO 2015/7/17 1585 16.5 1.35E-02 + 5.09E-03 4.17E-01 + 2.11E-01
KO 2015/7/17 1585 195 1.05E-02 +  4.00E-03 3.14E-01 + 1.24E-01
KO 2015/7/17 1585 225 9.90E-03 + 9.27E-04 294E-01 £ 5.52E-02
KO 2015/7/17 1585 255 1.00E-02 + 6.37E-03 3.06E-01 =+ 2.02E-01
KO 2015/7/17 1585 285 5.17E-03 + 5.20E-03 1.34E-01 + 1.30E-01
KO 2016/7/13 1947 15 101E+01 £ 4.21E+00 7.84E+01 +  141E+01
KO 2016/7/13 1947 45 111E+00 +  6.96E-01 121E+01 £+  7.79E+00
KO 2016/7/13 1947 75 3.77E-01 +  279E-01 453E+00 +  3.51E+00
KO 2016/7/13 1947 105 1.92E-01 + 181E-01 242E+00 +  2.31E+00
KO 2016/7/13 1947 135 7.65E-02 +  3.88E-02 103E+00 * 5.30E-01
KO 2016/7/13 1947 16.5 4.73E-02 +  2.19E-02 5.78E-01 + 2.20E-01
KO 2016/7/13 1947 195 2.68E-02 + 1.31E-02 3.23E-01 + 1.05E-01
KO 2016/7/13 1947 225 2.35E-02 + 1.28E-02 3.08E-01 + 1.26E-01
KO 2016/7/13 1947 255 1.35E-02 + 8.85E-03 1.77E-01 + 9.63E-02
KO 2016/7/13 1947 285 1.20E-02 + 4.82E-03 154E-01 5.82E-02
KO 2017/9/13 2374 15 827E+00 + 4.88E+00 7T41E+01 = 254E+01
KO 2017/9/13 2374 45 8.40E-01 + 491E01 156E+01 £+  1.33E+01
KO 2017/9/13 2374 75 2.35E-01 +  2.09E-01 491E+00 +  5.56E+00
KO 2017/9/13 2374 10.5 1.27E-01 + 152E-01 241E+00 =  3.26E+00
KO 2017/9/13 2374 135 5.07E-02 + 5.01E-02 1.18E+00 £+  1.49E+00
KO 2017/9/13 2374 16.5 3.09E-02 +  254E-02 5.71E-01 + 5.96E-01
KO 2017/9/13 2374 195 1.81E-02 +  1.32E-02 3.33E-01 + 3.07E-01
KO 2017/9/13 2374 225 1.50E-02 +  9.98E-03 2.78E-01 + 2.68E-01
KO 2017/9/13 2374 255 1.51E-02 + 1.16E-02 2.95E-01 + 3.05E-01
KO 2017/9/13 2374 285 2.09E-02 +  214E-02 3.79E-01 + 4.69E-01
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Orchard Date Elapsed days Depth 187Cs DP Distribution rate
(kBq - kg™ DW) (%)
(cm) Mean + SD Mean + SD

AO 2015/7/27 1595 15 6.16E+00 + 1.64E+00 556E+01 +  9.58E+00
AO 2015/7/27 1595 45 201E+00 £  7.69E-01 223E+01 +  3.44E+00
AO 2015/7/27 1595 75 8.82E-01 + 353E-01 7.76E+00 5.56E-01
AO 2015/7/27 1595 10.5 4.83E-01 + 251E-01 448E+00 +  1.52E+00
AO 2015/7/27 1595 135 3.40E-01 + 238E-01 3.14E+00 +  1.69E+00
AO 2015/7/27 1595 16.5 3.21E-01 + 2.26E-01 245E+00 +  1.40E+00
AO 2015/7/27 1595 195 2.51E-01 + 187E-01 230E+00 +  1.43E+00
AO 2015/7/27 1595 225 1.58E-01 + 113E-01 1.36E+00 =+ 6.70E-01
AO 2015/7/27 1595 255 5.48E-02 +  4.38E-02 4.16E-01 * 2.81E-01
AO 2015/7/27 1595 285 3.25E-02 +  4.17E-02 2.42E-01 * 2.51E-01
AO 2016/7/13 1947 15 490E+00 + 6.42E-01 522E+01 +  2.00E+01
AO 2016/7/13 1947 45 239E+00 + 1.76E+00 277E+01 +  1.30E+01
AO 2016/7/13 1947 75 8.14E-01 +  359E-01 1.08E+01 =  4.15E+00
AO 2016/7/13 1947 105 4.08E-01 + 257E-01 482E+00 +  2.77E+00
AO 2016/7/13 1947 135 1.33E-01 +  145E-01 159E+00 =  1.59E+00
AO 2016/7/13 1947 16.5 1.33E-01 + 178E-01 1.28E+00 =  1.46E+00
AO 2016/7/13 1947 195 6.72E-02 + 1.03E-01 7.56E-01 + 1.10E+00
AO 2016/7/13 1947 225 2.93E-02 +  2.94E-02 3.46E-01 + 2.36E-01
AO 2016/7/13 1947 255 1.18E-02 +  140E-02 1.25E-01 * 1.23E-01
AO 2016/7/13 1947 285 3.65E-02 +  3.03E-02 3.88E-01 * 3.00E-01
AO 2017/9/13 2374 15 807E+00 + 4.29E+00 410E+01 +  1.79E+01
AO 2017/9/13 2374 45 3.02E+00 £  2.49E+00 3.25E+01 +  1.35E+01
AO 2017/9/13 2374 75 7.43E-01 + 491E-01 850E+00 +  3.32E+00
AO 2017/9/13 2374 10.5 5.82E-01 + 4.35E-01 528E+00 +  2.03E+00
AO 2017/9/13 2374 135 3.27E-01 + 157E-01 3.83E+00 £ 6.64E-01
AO 2017/9/13 2374 16.5 2.02E-01 +  9.96E-02 248E+00 2.04E-01
AO 2017/9/13 2374 195 1.85E-01 + 128E-01 226E+00 +  1.07E+00
AO 2017/9/13 2374 225 1.44E-01 +  7.76E-02 152E+00 + 4.28E-01
AO 2017/9/13 2374 255 1.62E-01 + 129E-01 1.70E+00 £+  1.05E+00
AO 2017/9/13 2374 285 1.05E-01 +  8.46E-02 9.32E-01 * 6.57E-01




122 11

FA63 FRIIZERT ) 3 CZBSL S

Orchard Date Elapsed days Depth 187Cs DP Distribution rate
(kBqg - kg DW) (*0)
(cm) Mean + SD Mean + SD
MO 2011/4/26 42 15 6.25E+00 9.68E+01
MO 2011/4/26 42 45 7.13E-02 1.70E+00
MO 2011/4/26 42 75 1.95E-02 4.66E-01
MO 2011/4/26 42 10.5 2.41E-02 5.75E-01
MO 2011/4/26 42 135 5.75E-03 1.37E-01
MO 2011/4/26 42 16.5 3.45E-03 8.22E-02
MO 2011/4/26 42 195 3.45E-03 8.22E-02
MO 2011/4/26 42 225 1.15E-03 2.74E-02
MO 2011/4/26 42 255 1.15E-03 2.74E-02
MO 2011/4/26 42 28.5 4.60E-03 1.10E-01
MO 2011/10/25 224 15 1.85E+00 6.86E+01
MO 2011/10/25 224 45 1.12E-01 6.41E+00
MO 2011/10/25 224 75 6.79E-02 3.87E+00
MO 2011/10/25 224 105 1.29E-01 7.37E+00
MO 2011/10/25 224 135 6.95E-02 3.96E+00
MO 2011/10/25 224 16.5 5.89E-02 3.36E+00
MO 2011/10/25 224 195 2.65E-02 1.51E+00
MO 2011/10/25 224 225 2.64E-02 1.50E+00
MO 2011/10/25 224 255 2.64E-02 1.51E+00
MO 2011/10/25 224 28.5 3.24E-02 1.85E+00
MO 2012/5/24 436 15 797E+00 + 2.68E+00 9.35E+01
MO 2012/5/24 436 45 2.38E-01 + 1.33E-01 4.29E+00
MO 2012/5/24 436 75 5.42E-02 + 898E-03 9.78E-01
MO 2012/5/24 436 105 2.19E-02 + 1.03E-02 3.95E-01
MO 2012/5/24 436 135 1.68E-02 + 1.22E-02 3.04E-01
MO 2012/5/24 436 18 1.21E-02 +  427E-03 4.37E-01
MO 2012/5/24 436 255 1.62E-03 + 1.27E-03 8.74E-02
MO 2013/5/22 799 15 154E+01 + 146E+01 8.50E+01
MO 2013/5/22 799 45 1.01E+00 +  8.09E-01 9.44E+00
MO 2013/5/22 799 75 1.93E-01 + 1.35E-01 2.66E+00
MO 2013/5/22 799 12 6.21E-02 +  4.64E-02 1.89E+00
MO 2013/5/22 799 18 1.43E-02 + 1.79E-02 5.02E-01
MO 2013/5/22 799 255 9.62E-03 + 1.30E-02 5.26E-01
MO 2014/7/16 1219 15 595E+00 <+  1.14E+00 8.53E+01
MO 2014/7/16 1219 45 3.35E-01 + 1.58E-01 7.38E+00
MO 2014/7/16 1219 7.5 1.85E-01 + 6.24E-02 4.08E+00
MO 2014/7/16 1219 105 7.68E-02 +  3.98E-02 1.69E+00
MO 2014/7/16 1219 135 3.49E-02 +  299E-02 7.70E-01
MO 2014/7/16 1219 16.5 1.92E-02 + 1.30E-02 4.24E-01
MO 2014/7/16 1219 195 6.67E-03 + 7.43E-03 1.47E-01
MO 2014/7/16 1219 225 3.63E-03 + 1.38E-03 8.01E-02
MO 2014/7/16 1219 255 2.96E-03 + 1.90E-03 6.51E-02
MO 2014/7/16 1219 285 2.41E-03 + 2.09E-03 5.32E-02
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Orchard Date Elapsed days Depth 181Cs Distribution rate
(kBq - kg™ DW) (%)
(cm) Mean + SD Mean + SD

MO 2015/7/17 1585 15 579E+00 +  1.59E+00 7.76E+01 +  6.95E+00
MO 2015/7/17 1585 45 4.16E-01 + 1.00E-01 105e+01 =  3.15E+00
MO 2015/7/17 1585 75 2.54E-01 + 164E-01 6.14E+00 +  4.38E+00
MO 2015/7/17 1585 10.5 1.01E-01 +  4.56E-02 247E+00 +  1.33E+00
MO 2015/7/17 1585 135 5.80E-02 +  1.62E-02 1.36E+00 = 5.09E-01
MO 2015/7/17 1585 16.5 3.65E-02 + 1.18E-02 8.66E-01 + 2.98E-01
MO 2015/7/17 1585 195 1.92E-02 + 3.17E-03 4.54E-01 + 147E-01
MO 2015/7/17 1585 225 1.08E-02 +  3.25E-04 2.39E-01 + 1.93E-02
MO 2015/7/17 1585 255 9.58E-03 +  6.53E-03 2.20E-01 + 1.36E-01
MO 2015/7/17 1585 285 6.68E-03 +  3.79E-03 1.07E-01 + 1.12E-02
MO 2016/7/13 1947 15 6.25E+00 +  2.26E-01 7.26E+01 +  8.76E+00
MO 2016/7/13 1947 45 100E+00 +  3.93E-01 176E+01 +  6.51E+00
MO 2016/7/13 1947 75 2.01E-01 + 8.70E-03 3.23E+00 * 5.30E-01
MO 2016/7/13 1947 105 1.65E-01 +  6.31E-02 280E+00 +  1.09E+00
MO 2016/7/13 1947 135 9.43E-02 +  244E-02 147E+00 =+ 2.93E-01
MO 2016/7/13 1947 16.5 5.16E-02 +  223E-02 9.54E-01 + 5.99E-01
MO 2016/7/13 1947 195 3.57E-02 +  1.64E-02 5.81E-01 + 2.42E-01
MO 2016/7/13 1947 225 2.31E-02 +  2.36E-04 3.77E-01 + 4.24E-03
MO 2016/7/13 1947 255 1.23E-02 +  3.72E-03 1.75E-01 + 5.35E-02
MO 2016/7/13 1947 285 1.47E-02 + 3.44E03 2.07E-01 + 2.45E-02
MO 2017/7/13 2312 15 564E+00 + 2.13E+00 753E+01 +  141E+01
MO 2017/7/13 2312 45 7.63E-01 +*  6.56E-01 1.79E+01 = 1.12E+01
MO 2017/7/13 2312 75 1.64E-01 + 1.25E-01 333E+00 +  1.80E+00
MO 2017/7/13 2312 10.5 9.30E-02 +*  6.70E-02 187E+00 = 8.24E-01
MO 2017/7/13 2312 135 3.09E-02 + 1.85E-02 6.92E-01 + 2.68E-01
MO 2017/7/13 2312 16.5 1.55E-02 +  1.24E-02 3.55E-01 + 1.96E-01
MO 2017/7/13 2312 195 9.73E-03 + 6.73E-03 2.33E-01 + 1.17E-01
MO 2017/7/13 2312 225 4.58E-03 + 411E03 1.39E-01 + 1.32E-01
MO 2017/7/13 2312 255 3.05E-03 +  2.75E-03 8.45E-02 + 8.30E-02
MO 2017/7/13 2312 285 1.28E-03 + 111E03 3.80E-02 + 4.11E-02
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FA64 ZFAHATEERE 1IOo0’ [HiE

Orchard Date Elapsed days Depth 187Cs DP Distribution rate
(kBg - kg* DW) (%)
(cm) Mean + SD Mean + SD
HO 2011/5/11 57 25  4.32E+00 9.04E+01
HO 2011/5/11 57 75 2.62E-01 7.73E+00
HO 2011/5/11 57 125 3.18E-02 9.39E-01
HO 2011/5/11 57 175 1.51E-02 4.46E-01
HO 2011/5/11 57 225 1.02E-02 3.02E-01
HO 2011/5/11 57 215 5.05E-03 1.49E-01
HO 2011/10/26 225 15 2.76E+00 8.80E+01
HO 2011/10/26 225 45 9.12E-02 4.09E+00
HO 2011/10/26 225 75 3.35E-02 1.50E+00
HO 2011/10/26 225 105 2.59E-02 1.16E+00
HO 2011/10/26 225 135 4.48E-02 2.01E+00
HO 2011/10/26 225 16.5 5.78E-02 2.59E+00
HO 2011/10/26 225 195 8.04E-03 3.61E-01
HO 2011/10/26 225 225 4.14E-03 1.86E-01
HO 2011/10/26 225 255 2.37E-03 1.06E-01
HO 2011/10/26 225 285  0.00E+00 0.00E+00
HO 2012/5/24 436 15 917E+00 + 1.22E+00 8.50E+01
HO 2012/5/24 436 45 5.27E-01 + 6.61E-01 6.89E+00
HO 2012/5/24 436 7.5 3.07E-01 + 1.94E-01 4.00E+00
HO 2012/5/24 436 105 1.39E-01 +  9.75E-02 1.81E+00
HO 2012/5/24 436 135 6.06E-02 +  4.22E-02 7.91E-01
HO 2012/5/24 436 18 2.19E-02 + 1.90E-02 5.73E-01
HO 2012/5/24 436 255 2.48E-02 +  199E-02 9.73E-01
HO 2013/7/10 848 15 533E+00 + 1.39E+00 7.45E+01
HO 2013/7/10 848 45 8.18E-01 +  4.24E-01 1.51E+01
HO 2013/7/10 848 75 2.37E-01 +  249E-01 4.55E+00
HO 2013/7/10 848 105 1.87E-01 + 1.64E-01 3.51E+00
HO 2013/7/10 848 135 6.47E-02 +  3.17E-02 1.25E+00
HO 2013/7/10 848 18 1.88E-02 + 8.30E-03 7.47E-01
HO 2013/7/10 848 255 5.97E-03 +  2.15E-03 3.47E-01
HO 2014/7/15 1218 15 6.23E+00 + 3.32E+00 7.50E+01
HO 2014/7/15 1218 45 8.73E-01 +  240E-01 1.48E+01
HO 2014/7/15 1218 75 2.24E-01 + 1.07E-01 3.81E+00
HO 2014/7/15 1218 105 1.49E-01 +  9.23E-02 2.53E+00
HO 2014/7/15 1218 135 1.21E-01 +  8.56E-02 2.05E+00
HO 2014/7/15 1218 16.5 4.89E-02 + 1.15E-02 8.30E-01
HO 2014/7/15 1218 195 3.15E-02 + 1.84E-02 5.34E-01
HO 2014/7/15 1218 225 1.40E-02 +  7.95E-03 2.37E-01
HO 2014/7/15 1218 255 5.73E-03 +  2.98E-03 9.72E-02
HO 2014/7/15 1218 28.5 8.13E-03 +  4.77E-03 1.38E-01
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Orchard Date Elapsed days Depth 187Cs Distribution rate
(kBqg - kg DW) (%)
(cm) Mean + SD Mean + SD

HO 2015/7/29 1597 15 515e+00 =+ 7.27E-01 540E+01 +  9.99E+00
HO 2015/7/29 1597 45  146E+00 £  254E-01 3.02E+01 + 1.04E+01
HO 2015/7/29 1597 75 4.87E-01 +  458E-01 742E+00 £+  5.07E+00
HO 2015/7/29 1597 105 2.89E-01 +  3.86E-01 414E+00 =  4.72E+00
HO 2015/7/29 1597 135 223E-01 £ 3.25E-01 2.64E+00 *+  3.48E+00
HO 2015/7/29 1597 16.5 7.11E-02 +  6.45E-02 1.05E+00 + 7.16E-01
HO 2015/7/29 1597 195 7.04E-03 + 3.57E-03 2.58E-01 * 7.31E-02
HO 2015/7/29 1597 225 8.85E-03 =  3.40E-03 1.48E-01 + 2.37E-02
HO 2015/7/29 1597 255 1.46E-02 +  1.15E-02 1.26E-01 * 1.83E-02
HO 2015/7/29 1597 285 8.53E-03 +  3.62E-03 8.62E-02 * 1.08E-02
HO 2016/7/20 1954 15 238E+00 = 1.20E+00 537E+01 +  8.05E+00
HO 2016/7/20 1954 4.5 9.83E-01 + 571E-01 247E+01 =  5.76E+00
HO 2016/7/20 1954 75 400E-01 = 2.02E-01 107E+01 +  3.64E+00
HO 2016/7/20 1954 10.5 2.15E-01 + 1.04E-01 576E+00 +  1.44E+00
HO 2016/7/20 1954 135 1.26E-01 +  9.22E-02 3.05E+00 + 1.80E+00
HO 2016/7/20 1954 16.5 4.34E-02 +  271E-02 1.15E+00 * 3.57E-01
HO 2016/7/20 1954 195 1.87E-02 + 113E-02 4.77E-01 * 1.99E-01
HO 2016/7/20 1954 225 7.47E-03 +  5.90E-03 1.96E-01 * 1.05E-01
HO 2016/7/20 1954 255 7.03E-03 + 4.27E-03 2.03E-01 * 1.29E-01
HO 2016/7/20 1954 285 2.08E-03 + - 1.43E-01 + -

HO 2017/7/20 2319 15 256E+00 +  8.30E-01 415E+01 +  7.04E+00
HO 2017/7/20 2319 45  158E+00 + 1.29E+00 3.22E+01 + 6.16E+00
HO 2017/7/20 2319 75 6.11E-01 + 4.06E-01 137E+01 +  2.77E+00
HO 2017/7/20 2319 105 335E-01 = 2.30E-01 792E+00 =  1.62E+00
HO 2017/7/20 2319 135 112E-01 +  7.33E-02 2.82E+00 +  1.15E+00
HO 2017/7/20 2319 16.5 3.45E-02 + 3.57E-02 8.32E-01 * 4.83E-01
HO 2017/7/20 2319 195 1.17E-02 + 7.33E-03 2.79E-01 * 4.85E-02
HO 2017/7/20 2319 225 2.20E-02 =  2.86E-02 4.24E-01 + 417E01
HO 2017/7/20 2319 255 471E03 =  2.35E-03 1.11E-01 + 2.46E-02
HO 2017/7/20 2319 285 4.72E-03 +  245E-03 9.33E-02 * 3.07E-02
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KAGS EETENY =k 5L FHE

Orchard Date Elapsed days Depth 187Cs DP Distribution rate
(kBq - kg™ DW) (%)
(cm) Mean + SD Mean + SD
FO 2011/4/30 46 25  7.34E+00 9.14E+01
FO 2011/4/30 46 75 2.58E-01 5.05E+00
FO 2011/4/30 46 125 1.84E-02 3.61E-01
FO 2011/4/30 46 175 1.60E-02 3.14E-01
FO 2011/4/30 46 225 4.96E-02 9.72E-01
FO 2011/4/30 46 275 9.60E-02 1.88E+00
FO 2011/10/26 225 15 3.71E+00 8.44E+01
FO 2011/10/26 225 45 1.28E-01 457E+00
FO 2011/10/26 225 75 9.04E-02 3.23E+00
FO 2011/10/26 225 105 9.45E-02 3.38E+00
FO 2011/10/26 225 135 5.95E-02 2.13E+00
FO 2011/10/26 225 16.5 4.98E-02 1.78E+00
FO 2011/10/26 225 195 1.06E-02 3.78E-01
FO 2011/10/26 225 225 4.79E-03 1.71E-01
FO 2011/10/26 225 255 0.00E+00 0.00E+00
FO 2011/10/26 225 285 0.00E+00 0.00E+00
FO 2012/4/25 407 15 128E+01 + 1.35E+01 8.18E+01
FO 2012/4/25 407 45 9.27E-01 +  9.66E-01 9.29E+00
FO 2012/4/25 407 7.5 4.20E-01 +  2.95E-01 4.20E+00
FO 2012/4/25 407 105 1.37E-01 + 3.31E-02 1.37E+00
FO 2012/4/25 407 135 8.18E-02 +  7.19E-02 8.20E-01
FO 2012/4/25 407 18 7.73E-02 +  4.80E-02 1.55E+00
FO 2012/4/25 407 255 3.17E-02 + 1.87E-02 9.54E-01
FO 2013/4/30 7 15 262E+H01 £+ 1.70E+01 8.51E+01
FO 2013/4/30 77 45 205E+00 + 1.39E+00 1.00E+01
FO 2013/4/30 7 75 3.25E-01 + 1.84E-01 1.71E+00
FO 2013/4/30 7 105 2.30E-01 + 235E-01 1.00E+00
FO 2013/4/30 7 135 1.55E-01 +  5.23E-02 9.20E-01
FO 2013/4/30 77 18 5.03E-02 +  2.99E-02 6.72E-01
FO 2013/4/30 77 255 2.24E-02 +  1.08E-02 5.63E-01
FO 2014/7/15 1218 15 311E+01 £+ 3.17E+00 6.74E+01
FO 2014/7/15 1218 45 8.62E+00 +  2.13E+00 2.94E+01
FO 2014/7/15 1218 75 3.10E-01 + 1.17E-01 1.06E+00
FO 2014/7/15 1218 105 2.13E-01 + 1.55E-01 7.25E-01
FO 2014/7/15 1218 135 1.54E-01 +  7.27E-02 5.27E-01
FO 2014/7/15 1218 16.5 1.20E-01 + 5.83E-02 4.11E-01
FO 2014/7/15 1218 195 4.85E-02 + 1.64E-02 1.65E-01
FO 2014/7/15 1218 225 3.84E-02 + 1.90E-02 1.31E-01
FO 2014/7/15 1218 255 3.66E-02 + 1.88E-02 1.25E-01
FO 2014/7/15 1218 28.5 1.34E-02 +  0.00E+00 4.58E-02
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Orchard Date Elapsed days Depth 187Cs DP Distribution rate
(kBg - kg* DW) (%)
(cm) Mean + SD Mean + SD

FO 2015/8/12 1611 15 117E+01 +  3.66E+00 858E+01 £ 7.60E+00
FO 2015/8/12 1611 45 3.90E-01 + 1.60E-01 507E+00 7.43E-01
FO 2015/8/12 1611 75 2.43E-01 +  3.05E-01 2.89E+00 2.09E+00
FO 2015/8/12 1611 105 1.33E-01 + 1.39E-01 186E+00 = 1.16E+00
FO 2015/8/12 1611 135 6.68E-02 +  7.29E-02 126E+00 +  1.02E+00
FO 2015/8/12 1611 16.5 3.42E-02 +  3.63E-02 9.82E-01 +  1.09E+00
FO 2015/8/12 1611 195 2.08E-02 +  150E-02 8.02E-01 + 1.00E+00
FO 2015/8/12 1611 225 1.80E-02 + 1.85E-03 5.30E-01 + 5.42E-01
FO 2015/8/12 1611 255 1.59E-02 +  4.55E-03 4.68E-01 + 5.31E-01
FO 2015/8/12 1611 285 1.24E-02 +  6.04E-03 1.15E-01 + 1.72E-02
FO 2016/7/22 1956 15 3.08E+00 + 1.34E+00 7.02E+01 +  7.18E+00
FO 2016/7/22 1956 45  477E-01 +  2.69E-01 108E+01 +  5.98E+00
FO 2016/7/22 1956 75 3.39E-01 +  259E-01 741E+00 +  4.46E+00
FO 2016/7/22 1956 105 1.66E-01 +  4.66E-02 414E+00 £ 6.56E-01
FO 2016/7/22 1956 135 1.10E-01 +  5.46E-02 3.19E+00 1.85E+00
FO 2016/7/22 1956 165 6.61E-02 +  3.80E-02 1.75E+00 = 9.96E-01
FO 2016/7/22 1956 195  4.34E-02 +  172E-02 1.09E+00 =+ 2.43E-01
FO 2016/7/22 1956 225 3.27E-02 +  1.79E-02 7.83E-01 + 3.08E-01
FO 2016/7/22 1956 255 1.26E-02 + 5.88E-03 3.35E-01 + 6.79E-02
FO 2016/7/22 1956 285 5.99E-03 + 1.40E-03 2.07E-01 + 9.71E-02
FO 2017/9/13 2374 15 140E+01 = 6.93E+00 6.00E+01 + 1.56E+01
FO 2017/9/13 2374 45 273E+00 =  1.45E+00 258E+01 1.67E+01
FO 2017/9/13 2374 75 6.30E-01 +  434E-01 6.36E+00 +  3.93E+00
FO 2017/9/13 2374 10.5 4.13E-01 +  450E-01 355E+00 £ 2.74E+00
FO 2017/9/13 2374 135 2.10E-01 +  246E-01 157E+00 £ 1.13E+00
FO 2017/9/13 2374 165 9.37E-02 + 1.20E-01 7.38E-01 + 6.83E-01
FO 2017/9/13 2374 195 5.58E-02 +  5.99E-02 5.56E-01 + 4.74E-01
FO 2017/9/13 2374 225 3.18E-02 +  3.25E-02 3.19E-01 + 2.93E-01
FO 2017/9/13 2374 255 6.15E-02 +  7.34E-02 4.90E-01 + 5.00E-01
FO 2017/9/13 2374 285 5.48E-02 +  198E-02 6.49E-01 + 2.87E-01






