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ORIGINAL ARTICLE

Radiocesium transfer into the fruit of deciduous fruit trees
contaminated during dormancy

Mamoru SATO1, Daisuke TAKATA2, Keitaro TANOI2, Tsutomu OHTSUKI3 and
Yasuyuki MURAMATSU4

1Fruit Tree Research Center, Fukushima Agricultural Technology Center, Hirano, Iizaka-machi, Fukushima, Fukushima, 960-0231,
Japan, 2Graduate School of Agricultural and Life Science, The University of Tokyo, Midori-cho, Nishitokyo, Tokyo, 188-0002,
Japan, 3Research Center for Electron Photon Science Tohoku University, Sanshinmine, Taihaku, Sendai, Miyagi, 982-0826, Japan
and 4Department of Chemistry, Faculty of Science, Gakushuin University, Mejiro, Toshima-ku, Tokyo, 171-8588, Japan

Abstract

Following the accident at the Tokyo Electric Power Company, Fukushima Daiichi Nuclear Power Plant
(FDNPP), radiocesium (134Cs + 137Cs) concentrations in deciduous mature fruits were determined in
orchards in the northern area of Fukushima Prefecture. At the time of the nuclear accident, most deciduous
fruit trees were in the dormant stage prior to bud burst. To evaluate the relationship between radiocesium
deposition in the soil and fruit contamination, radiocesium concentrations were measured from the 5-cm
topsoil and from six fruit species across 17 orchards in 2011. The vertical distribution of radiocesium in the
topsoil (0–30 cm in depth) and its spatial distribution in the 5-cm topsoil underlying the tree canopy of a
peach, Prunus persica (L.) Batsh, orchard (“Akatsuki” cultivar) were also investigated. Significant correla-
tions between the radiocesium concentration in the mature fruit and that in the 5-cm topsoil layer were
observed for the 17 orchards as well as for the trees of the peach orchard. However, 93% of the 137Cs found
in the 30-cm soil core was retained within the top 3 cm of the soil in the peach orchard. Considering the
profile of the root of this deciduous fruit tree, we assumed a negligible level of radiocesium uptake via the
roots. However, the possibility of inward migration via the bark was undeniable, because some radiocesium
adhered to the tree canopy before bud burst while depositing on the soil surface. Additionally, transfer
factors for peach and grape, hybrid of Vitis labrusca L. and Vitis vinifera L., from young, uncontaminated
trees cultivated with contaminated soil were lower than those previously reported.

Key words: Fukushima Daiichi nuclear accident, inward migration via the bark, radiocesium in fruits,
vertical distribution in orchard soil.

1 INTRODUCTION

Radioactive fallout released from the Tokyo Electric Power
Company, Fukushima Daiichi Nuclear Power Plant
(FDNPP) accident contaminated orchards throughout the
major fruit production area in Fukushima Prefecture.
Deposition of radionuclides in this area was caused primar-
ily by rainfall on March 15, 2011, which took place during

the dormant phenological stage of deciduous fruit trees.
Unfortunately, there are not many reports concerning decid-
uous fruit trees from previous nuclear accidents. Anguissola
Scotti and Silva (1992) measured cesium-137 (137Cs) on the
leaves and fruits of Prunus avium (L.) L. (sweet cherry),
Prunus persica (L.) Batsch (peach), Pyrus pyrifolia (Burm.
f.) Nakai (Japanese pear) and Malus pumila Mill. (apple)
during June and September in the Chernobyl accident year
of 1986. The content of 137Cs in leaves showed a depen-
dence on the interception ability of the foliage. This report
indicates that 137Cs immigration into trees occurred by leaf
absorption in theChernobyl accident. Antonopoulos-Domis
et al. (1991) showed that contamination by root uptake is a
small fraction of the total contamination of each year’s new
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tree product, investigating the radiocesium contamination of
different parts (fruits, leaves and shoots) of selected apricot,
Prunus domesticaL., trees inNorthGreece during 1987 and
1988, regardingChernobyl fallout. But they did notmention
the radiocesium migration into the deciduous fruit trees in
the accident year of 1986. In addition, they proposed a
compartment model for the long-term contamination of
perennial plant products with time-dependent decay by the
sum of two exponentials based on experimental observa-
tions of the radiocesium contamination of fruits or leaves of
various fruits (sweet cherry, peach and apple) on two agri-
cultural experimentation farms in North Greece from 1987
to 1995 (Antonopoulos-Domis et al. 1996). In contrast, Al-
Oudat et al. (2006) showed that the transfer of 137Cs from
contaminated soil by cesium chloride (CsCl) solution mixed
137Cs solution to fruits of olive, Olea europaea L., apricot
and grape, hybrid of Vitis labrusca L. and Vitis vinifera L.,
occurred with no consistent differences for four successive
years under irrigated field conditions in arid regions (Syria),
indicating no apparent aging effects.
However, there is no information on radiocesium

migration pathways into deciduous fruit trees from
radioactive fallout during the dormant period. In gen-
eral, the absorptive rhizosphere of fruit trees (except for
some species such as blueberry,Vaccinium corymbosum
L., grape, and citrus, Citrus unshiu Marcow. et al.,) is
deeper than 10 cm in orchard soils (Antonopoulos-
Domis et al. 1990). In addition, there were roots of
undergrowth running through the surface soil of the
ground with high density because sod culture was
applied in almost all orchards of these regions.
Therefore, radiocesium contamination by root uptake
was likely negligible during the accident year, as was
reported by Antonopoulos-Domis et al. (1990) in rela-
tion to the Chernobyl accident. Carini and Bengtsson
(2001), in their review of an interesting experiment con-
ducted by Katana and colleagues, showed that 134Cs
migrated into mature apple fruits from the bark of a
2-year-old stem kept in contact with the cesium-134
(134Cs) solution after 10 weeks.
Investigation of radiocesium deposition in orchards

and development of decontamination methods were
started on April 11, 2011, by the Fruit Tree Research
Center of Fukushima Agricultural Technology Center
(FTRC). Monitoring surveys for radiocesium contamina-
tion of various fruits and soil were carried out in the
major fruit production areas in northern Fukushima
Prefecture, including Fukushima City, Date City and
Kohri Town.
In the present study, the relationship between the

radiocesium concentration in mature fruit and soil
within the first year following the accident was inves-
tigated. In addition, in order to examine how fruit

trees take up radiocesium from soil, the transfer fac-
tors for peaches and grapes were studied by trans-
planting uncontaminated young trees or vines into
contaminated soils and analyzing radiocesium in
mature fruits. In this paper, radiocesium means the
sum of 134Cs and 137Cs.

2 MATERIALS AND METHODS

2.1 The relationship between the radiocesium
concentration of mature fruit and soil in the
accident year

The following 17 orchards were selected for investiga-
tion: eight orchards with six different fruits (sweet
cherry, peach, grape, Japanese pear, apple and Japanese
persimmon, Diospyros kaki Thunb.) in FTRC, three
orchards (peach, grape and Japanese persimmon) in
Date City, five orchards (sweet cherry, peach, Japanese
pear and apple) in Fukushima City, and one peach orch-
ard in Kohri Town. These investigation orchards were
approximately 60 to 80 km away from FDNPP. The
observation area in each orchard was approximately
300 to 600 m2.
Topsoils of 0 to 5 cm depth were collected in each

orchard. Five topsoil samples were collected per orchard
using a cylindrical soil sampler made of polyvinyl chlor-
ide (70 mm inside diameter), and were combined into
one sample. The cylindrical soil sampler was the original
equipment that was self-made by the Research Center for
Electron Photon Science (RCEPS) of Tohoku University.
Soils were sampled on April 26, 2011, in FTRC’s orch-
ards and on April 27 in the other orchards. Fruits were
collected at the mature stage from three to five trees in
each orchard. The fruit samples were combined into one
sample for each orchard and washed. Sweet cherry and
grape were measured using the flesh part with peel, and
the others were measured using the flesh part without
peel. The stone and seeds were removed from mature
fruits, and then the fruits were pulped. Radiocesium
concentrations in soil and fruit samples were measured
as described in section 2.4.
To estimate the contribution of root uptake, the F-to-S

ratio was calculated. F is the 137Cs concentration in mature
fruit. S is a quarter of the 137Cs concentration in the 5-cm
topsoil layer, representing the 137Cs concentration in 20-
cm topsoil layer. The International Atomic Energy Agency
(IAEA) report (2010a) adopted the standardization of the
International Union of Radioecologists (IUR) of rooting
depth, which is 20 cm for all plants excluding grasses of
10 cm, instead of the real rooting depth in defining soil-to-
plant transfer factors. Since most of the 137Cs in the top soil
layer of 20 cm is present in the surface layer within 5 cm, a
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standardized soil layer was assessed at a quarter of the
137Cs concentration in the 5-cm topsoil layer.
To confirm the dilution effect to the mature fruit’s radio-

active Cs level, a regression analysis between fruit weight
and radiocesium concentration was conducted. Data on
“Benisayaka,” “Satonishiki,” “Benisyuho” (sweet cherry),
“Hatsuhime,” “Akatsuki,” “Kawanakajimahakuto,”
“Yuzora” (peach), “Kosui,” “Ryoho” (Japanese pear),
“Fuji” (apple) and “Hachiya” (Japanese persimmon) col-
lected in FTRC in the year 2011were used for analysis. The
weight of 10 to 30 mature fruits was measured. The aver-
aged fruit weight data and radiocesium concentration were
converted in dry base by the drymatter content after freeze-
drying for 72 h or more.

2.2 Vertical and spatial distribution of the
radiocesium concentration in orchard soils

To examine the vertical distribution of radiocesium, topsoil
(0 to 30 cm in depth) in the “Akatsuki” peach orchard at
FTRC, where 12 “Akatsuki” trees were planted at
7 m × 7 m intervals, was collected with a cylindrical soil
sampler at one location on April 26, 2011, and sub-divided
into 3-cm layers. To estimate the spatial distribution of
radiocesium contamination by the tree canopy in a peach
orchard covering an area of 600 m2, four 5-cm topsoil
samples were collected per tree canopy, on June 6, 2011.
Four soil sampling locations were selected at a distance of
2 m from trunk. Soil samples were sieved using stainless
steel sieves (5.66 mm of opening). The soils were put into
counting vessels (U-8 vessel; 5 cm diameter and 5 cm
height) after they were homogenized by shaking the plastic
bags containing soil. Tenmature fruit samples per tree were
collected on August 10, 2011. Radiocesium concentrations
in soil and fruit samples were measured as described in
section 2.4.
The vertical distribution of radiocesium within the top

0–30 cm soil layer was expressed as a deposition rate, D,
according to depth, as calculated by the following equa-
tion, assuming a bulk density of 1 for each depth
interval:

D ¼ 100wiCiTc�1; (1)

wi ¼ hih�1
min; Tc ¼

X
wiCi;

where i represents the sample interval number, wi is a
weighting coefficient based on the thickness of the soil
interval, hi is the thickness of each interval, hmin is the
thickness of the smallest interval and Ci is the radio-
cesium concentration for each soil interval.

2.3 Transfer of radiocesium into leaves and
fruits from soil

To examine the transfer of radiocesium from the contami-
nated soil into fruit, three 5-year-old peach trees (cultivar
“Akatsuki”), grown in containers with uncontaminated
soil, were obtained from the greenhouse at the Institute
for Sustainable Agro-ecosystem Services, Graduate School
of Agricultural and Life Science, University of Tokyo
(ISAS) at Nishi-Tokyo City, about 230 km from FDNPP.
These plants, which were free from contamination of
radiocesium fallout from the accident, had their roots
cleaned with a high pressure washer and were transplanted
into the same sites where peach trees had been removed at
FTRC on April 14, 2012. Three samples of fruits and
leaves were collected from “Akatsuki” trees on August
12, 2012, when the fruit had ripened. The 30-cm topsoil
layer was collected with a cylindrical soil sampler at a
distance of 35 to 45 cm from the trunk of each tree, on
November 11, 2012. The soil layer was sub-sampled at
depth intervals of 3, 9, 15 and 21 cm.
Furthermore, in order to examine the transfer factor of

mature fruits for grapes and peaches in detail, three 3-
year-old grapevines, (cultivar “Pione”) and a 3-year-old
peach tree (cultivar “Hakuho”), grown in pots, were
obtained from a closed-system greenhouse at ISAS. On
April 14, 2012, their roots were cleaned with a high-
pressure washer and they were transplanted into black,
60-L plastic pots, which were filled with contaminated
soil collected from the top 5-cm soil layer, including
undergrowth, from the peach orchard in Date City, on
March 22, 2012. Contaminated soil was spread on a
sheet and mixed with undergrowth divided in pieces by
hand. Three samples of mature fruits were collected from
three “Hakuho” trees on August 10, 2012. Fruits and
leaves of “Pione” were collected from three vines on
September 13 and September 20, 2012. The samples of
fruits and leaves collected from “Hakuho” and “Pione”
were combined into one fruit sample and one leaf sample
for each cultivar to measure the content of radiocesium.
One plant was cut into pieces on November 11, 2012.
Plant sub-samples included shoots, branches, fine roots
(1.5 mm and less) and other roots (> 1.5 mm diameter,
where nutrients are stored). Each sub-sample was
washed and analyzed for radiocesium content.
The transfer factor (TF) of the fruit or leaf was calcu-

lated using the following equation:

TF ¼ 137Cs concentration in mature fruit or leaf

ðBqkg�1FWÞ=137Cs concentration in soil Bqkg�1DW
� �

;

where FW is fresh weight and DW is dry weight.
The radiocesium concentration of the 20-cm topsoil

layer of the “Akatsuki” orchard was used to calculate
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the TF in the replanting examination of 5-year-old
“Akatsuki.” The soil at the site where the peach trees
were transplanted was well mixed, so the radiocesium
was distributed almost evenly down to a depth of 21 cm.
The radiocesium concentrations of the top 5-cm soil
layer scraped from the peach orchard in Date City were
used to calculate TFs in the pot-planting experiment of
“Pione” and “Hakuho.” The soil type in both FTRC and
Date City was clay loam – brown forest soil.

2.4 Sample treatments and radiocesium
measurements

The radiocesium concentration in soil was converted to a
DW basis using a dry-to-wet ratio after drying 1 d at
105°C. The radiocesium concentration in fruit was con-
verted to a wet weight basis using a dry-to-wet ratio after
freeze-drying.
The 134Cs and 137Cs concentrations in the samples

were analyzed with germanium (Ge) semiconductor
detector systems at the Faculty of Science, Gakushuin
University, and at the RCEPS of Tohoku University.
The counting time for each sample was about 1 to 24
h, depending on the activity level. Measurements were
carried out within 14 d after sampling. Decay correction
was made to the sampling date.
For the samples described in section 2.3, radiocesium

concentrations in plant samples were determined on the
Ge detector system at the Foundation for Promotion of
Material Science and Technology of Japan, and those in
soil samples were determined by an sodium iodide (NaI)
scintillation spectrometer (CAN-OSP-NAI, Hitachi
Aloka Medical) at FTRC. Radiocesium concentrations
were decay-corrected to the sampling date. The radio-
cesium concentration of the 20-cm topsoil layer in the
location of the planted 5-year-old “Akatsuki” was cal-
culated using a deposition rate according to depth that
was obtained from Eq. 1.

3 RESULTS

3.1 Relationship between the radiocesium
concentrations in mature fruit and soil in
the first year following the accident

There was a significant positive correlation between the
radiocesium concentration in the mature fruit and that in
the 5-cm topsoil layer (y = 4.38x + 4.71 R2 = 0.323,
P < 0.01). The F-to-S ratio of each deciduous fruit tree
species was almost 10–2 orders (Table 1). The F-to-S
ratio of sweet cherry, the harvest period of which is
earlier than that of others, was significantly higher than
that of other fruit species by Tukey’s test at P < 0.01.
There was a difference of 11.5 times in the F-to-S ratio

from the maximum value of 5.4 × 10–2 for the sweet
cherry “Benishuho” in FTRC, to the minimum of
4.7 × 10–3 in the Japanese pear “Kosui” in FTRC. The
relationships between the radiocesium concentration in
mature fruits and soils were different among the fruit
species. For example, radiocesium concentrations in
sweet cherries were relatively higher than those in grapes
or pears, regardless of the soil radioactive Cs level.
A significant negative correlation was recognized

between the mature fruit weight and the concentration
of the radiocesium (134Cs + 137Cs) in the regression
analysis conducted using data of sweet cherry, peach,
Japanese pear, apple and Japanese persimmon collected
in FTRC in the year 2011 (Fig. 1).

3.2 Vertical and spatial distribution of
radiocesium in peach orchard soil

The vertical distribution of radiocesium in the peach
orchard soil from FTRC is shown in Fig. 2. Ninety-
three percent of the 137Cs found in the 30-cm soil core
was retained in the top 3 cm. The concentration thus
decreased with depth (Fig. 2).
Figure 3 shows the spatial distribution of radiocesium

in the top 5 cm of soil and in fruits for 12 trees in the
orchard. There was a large variability in the soil radio-
cesium concentrations, from 2.5 to 11.9 kBq kg−1 (DW).
The coefficient of variation was 42.2%. In contrast, the
fruit radiocesium concentration ranged from 23.1 to
34.9 Bq kg−1 (FW) with a coefficient of variation of
12.8 % (Fig. 3). A significant correlation (y = 0.766x +
21.8 R2 = 0.664, P < 0.01) was found in the radiocesium
concentration between fruits and soils in eight trees,
excluding the peripheral trees facing the road and sites
growing only grass to avoid the peripheral effect.

3.3 Transfer of radiocesium into leaves and
fruits from soil

Transfer of radiocesium occurred between soil and the
leaves or fruits of peach trees and grape vines which were
transplanted from an uncontaminated area to contami-
nated soil at FTRC or to pots with contaminated soil
(Table 2).
Radiocesium concentrations in each sub-sample of the

“Pione” vine are shown in Fig. 4. A higher concentration
was detected in fine roots than in leaves. The concentra-
tion found in branches was the same as that in the
“other” roots, which is approximately one third of that
in fine roots (Fig. 4). Fine roots have direct contact with
contaminated soil and the root tissue is not diluted
significantly.
TFs of mature fruits are on the order of 10–4 for

peaches and one order of magnitude higher for grapes
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(10–3). Foliar TFs are on the order of 10–3 for both peach
and grape (Table 2).

4 DISCUSSION

When the Chernobyl accident occurred on April 26,
1986, deciduous fruit trees were developing leaves.
Radiocesium was found to be absorbed into trees mainly

via leaves. Radiocesium is translocated from leaves to
other organs immediately after foliar absorption. Carini
and Lombi (1997) reported that root uptake of 134Cs
was 20 times lower than foliar uptake. The 137Cs con-
tents of the deciduous fruits in Italy in the year of the
Chernobyl accident were similar to the levels found in
our investigation, in spite of the 102 orders lower content
of 5-cm topsoil in Italy than that in the location of our
study (Anguissola Scotti and Silva 1992). However, the
FDNPP accident and subsequent radioactive fallout took
place before the bud burst of deciduous fruit trees.
Consequently, the major concern regarding radionuclide
dynamics focused on root absorption from soil.
According to an IAEA report (IAEA 2003a), the TFs
for deciduous fruit trees (except for the chestnut,
Castanea crenata Sieold & Zucc.) from soil to mature
fruits were in the range of 8.6 × 10–4 to 8.0 × 10–2, and
grape was found to have the highest TF.
Antonopoulos-Domis et al. (1996) related that it was

impossible to measure the radiocesium contamination
of fruits except sweet cherries in 1991 to 1995, indicat-
ing higher radiocesium contamination in fruits of sweet
cherry trees than other fruit trees. Cherry trees have
several scaffold limbs with many lateral branches even
after pruning, and the fruit size is smaller than other
fruit species. The higher levels observed in sweet cher-
ries may be because of the smaller fruit size, with less
material for dilution, or because of the prevalence of
lenticels on sweet cherry trees, where radiocesium can
accumulate and be absorbed (Takata 2013). Since a
significant negative correlation was recognized between
the weights and the concentrations of the radiocesium
in mature fruits by the regression analysis in the present
study, a size effect was identified (Fig. 1). Therefore,
one of the reasons for the high level radiocesium con-
tamination of sweet cherries (Table 1) was supposed to
be the dilution effect of assimilates transported into
fruit.
Although, considering the profile of the root of the

deciduous fruit tree, a negligible level of radiocesium by
root uptake was supposed, significant correlations in the
radiocesium concentration between the mature fruit and
the top 5-cm soil layer were recognized in both the
investigation of 17 orchards containing six deciduous
fruit tree species and the eight peach trees in FTRC in
the present study, conducted in 2011. However, the ratio
of F to S was in the range of 4.7 × 10–3 to 5.4 × 10–2. The
difference among trees was within a factor of 10, and
fruits have even less variation, though sweet cherry
showed significantly higher values than the others.
These facts were different from the IAEA report (IAEA
2003b) that showed the difference of a factor of 102

within the same fruit tree species, such as apple.
Furthermore, the ratios of F to S in our investigation

Figure 1 Relationship between the mature fruit weight and
the concentration of radiocesium (134Cs + 137Cs) in the year
of 2011. Note: Regression analysis was conducted using the
data of “Benisayaka,” “Satonishiki,” “Benisyuho” (sweet
cherry, Prunus avium (L.) L.), “Hatsuhime,” “Akatsuki,”
“Kawanakajimahakuto,” “Yuzora” (peach, Prunus persica (L.)
Batsch), “Kosui,” “Ryoho” (Japanese pear, Pyrus pyrifolia
(Burm.f.) Nakai) “Fuji” (apple, Malus pumila Mill.) and
“Hachiya” (Japanese persimmon, Diospyros kaki Thunb.) col-
lected in FTRC in the year of 2011. DW, dry weight.

Figure 2 Distribution of radiocesium (137Cs) along the soil
profile in peach, Prunus persica (L.) Batsch, “Akatsuki” orch-
ard. Note: The 30-cm topsoil layer was collected with the
cylindrical soil sampler at one undisturbed place in the orchard
on 26 April 2011. The soil layer was divided evenly by 3 cm.
Decay correction was made to the sampling date. DW, dry
weight.
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were one to two orders of magnitude higher than the TFs
shown by the IAEA report.
It has been shown that birch canopies intercept 20 to

25% of resuspended radioactive particles during the
winter period (IAEA 2010b). It was also shown that
fruit trees’ canopy, like that of forest trees, intercepted
radioactive nuclides (Sato 2012). The contamination of
fruit is dependent on the growth dilution and the ratio
between the leaf area and the corresponding mass of the
fruit. The higher the ratio, the higher the radionuclide
uptake (Carini 2009).
The maldistribution of radiocesium in near-surface soil

(Fig. 2) agrees with other studies in orchards and undis-
turbed fields (Ohno et al. 2012; Shiozawa 2013; Sato
2014a). The correlation between radiocesium concentra-
tion in the mature fruit and in the topsoil layer is, there-
fore, likely due to the fact that radiocesium is strongly
retained in soil. On the other hand, the observed con-
centrations were also considered to reflect the levels that
are intercepted by the canopy of dormant trees. It was
found that radiocesium adhered to the tree canopy
before bud burst at the same time as the deposition on
the soil surface (Sato 2012). It was estimated that high
correlation between the contamination level on the bark
and the radiocesium concentration in the topsoil layer
may be latent. Consequently, the possibility of migration

inward via bark was undeniable, whereas it was sus-
pected that the relationship of the radiocesium concen-
tration between the mature fruit and the topsoil layer
might be a spurious correlation.
The absorptive rhizosphere of Japanese persimmon

and peach trees more than 6 years old is deeper than
20 cm (unpublished data). In previous work regarding
Chernobyl fallout in Northern Greece (Antonopoulos-
Domis et al. 1990, 1991), 95% of the radiocesium was
found within the top 10 cm of undisturbed soil and,
since trees have no roots in this layer, contamination
by rοοt uptake was a small or negligible fraction of the
total contamination of tree products from every year
studied. The principal source of the radiocesium inven-
tory was rather the plant itself for the first few years
following deposition. Takata (2013) compared the
radiocesium contamination of 5-year-old “Akatsuki”
peach trees planted in containers that were covered
with sheets and not covered when fallout occurred.
They concluded that, in the accident year, root uptake
of radiocesium deposited on the soil contributed very
little to the overall contamination compared with
adsorption through aboveground plant parts such as
leaves and bark. These studies further substantiate that
it is unlikely that radiocesium detected in sweet cherries,
peaches, Japanese pears, grapes, apples and Japanese

Figure 3 Comparison between the radiocesium contamination in soil and fruit collected from the peach, Prunus persica (L.) Batsch,
orchard of “Akatuki.” Note: The 5-cm topsoil layer was collected with the cylindrical soil sampler at three places under the canopy
of 12 “Akatuki” trees planted in rows of 12 at 7 m × 7 m spacing, on June 6, 2011. We collected 10 fruits per tree on August 10,
2011. (a) Map of radiocesium (134Cs + 137Cs) concentration of 5-cm topsoil layer; (b) radiocesium (134Cs + 137Cs) concentration of
mature fruit. Every measured activity in samples was corrected back to the sampling date by decay compensation; FW: fresh weight;
DW: dry weight.
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persimmons was due to root uptake of radiocesium from
soil. Therefore, the significant correlation we found
between soil and fruit radiocesium concentration (dis-
cussed in sections 3.1 and 3.2) may not be indicative of
the TF in fruit due to root uptake. In fact, the fruit
radiocesium concentrations we found (discussed in sec-
tions 3.1 and 3.2) are much higher than the estimated
values based upon previously reported TFs (IAEA
2003b).
Finally, we concluded, from the results of our investi-

gations, that root uptake of radiocesium was negligible
in the deciduous fruit trees before bud burst. Therefore,
in order to clarify the influence of radiocesium in soil, an
examination of the transfer of radiocesium from the
contaminated soil into fruit was conducted.
The TFs for peaches and grapes, calculated in the

present experiment, were on the order of 10–4 and 10–3

(Table 2). In these pot examinations, undergrowth con-
taining radiocesium was mixed in contaminated soil to
increase the content of absorptive radiocesium.
However, the TFs of peaches were more than one order
of magnitude lower than the minimum value, 1.8 × 10–3,
in the IAEA report (IAEA 2003b). And the TF of grape
was similar to the minimum value, 1 × 10–3, in the
previous report (IAEA 2003b). Therefore, as stated pre-
viously, the radiocesium contamination of fruits found in
2011 (Table 1 and Fig. 3) is likely not due to root uptake
from soil, but rather mainly due to migration within the
aboveground parts of fruit trees. Following the accident,
the exposed portions of the trees and vines showed highT
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Figure 4 Concentration of radiocesium (134Cs + 137Cs) in dif-
ferent parts of the grape “Pione”, hybrid of Vitis labrusca L.
and Vitis vinifera L. tree. Note: fruits and leaves were collected
on September 11 and 20, 2012; other parts were collected on
November 11, 2012. Samples were combined into one fruit and
one leaf sample. One plant was cut into pieces on November
11, 2012. Plant sub-samples included shoots, branches, fine
roots (1.5 mm and less in diameter) and other roots (>
1.5 mm in diameter, where nutrients are stored). DW, dry
weight.
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levels of radiocesium (Sato 2012). Momoshima and
Bondietti (1994) examined the radial distributions of
137Cs in wood xylem for eight species in a forest in
Tennessee, USA, to evaluate the long-term behavior in
the wood stem of radionuclides from atmospheric
nuclear tests and nuclear accidents. The 137Cs concentra-
tion did not show any correlation with the temporal
record of cumulative deposition of fallout. Momoshima
and Bondietti (1994) related that 137Cs moved in ray
tissue, crossing through phloem and wood from peri-
derm to heartwood. It was suggested that radiocesium
migrates inward by way of these organs from the surface
of the bark, indicating that the migration source of the
deciduous fruit tree before bud burst was deposits on the
wet bark from rainfall containing radiocesium after the
nuclear accident. Sato (2014b) confirmed radiocesium
migration into the leaves of 2-year-old peach trees from
trunks pasted with radiocesium extract before bud burst.
Translocation of radiocesium therefore likely occurred
via the bark (ray tissue–xylem tissue)–leaf (phloem tis-
sue)–fruit pathway. This finding agrees with results
obtained by Takata (2013).
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