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Since the Fukushima Dai-ichi accident, monitoring of tissues from hunted game animals ensures
compliance with the standard food limits for radionuclides in Japan. We quantified the transfer
of ¥’Cs from contaminated land to game animals using the Aggregated transfer factor (Tag =
activity concentration in meat [Bq kg fw] / amount in soil [Bq m™]) of '¥’Cs for Asian black
bear, wild boar, sika deer, green pheasant, copper pheasant and wild duck, collected between
2011-2015. Open data sources were used from Fukushima, Miyagi, Ibaraki, Tochigi and Gunma
prefectures. Our initially compiled data showed that the maximum reported '*’Cs activity
concentration in wild boar after the Fukushima Dai-ichi accident were lower than those reported
after the Chernobyl accident. The geometric mean Tag values (m?kg™! fw) of '3’Cs in 2015 for
Asian black bear, wild boar, sika deer and copper pheasant were similar (1.9-5.1)x10" while
those for green pheasant and wild duck were about one order of magnitude lower at (1.0—
2.2)x10™*. Effective half-lives were 1.2-6.9 y except for sika deer and copper pheasant where no
decreases were found. In contrast to the Chernobyl accident, no seasonal change occurred in the

meat *’Cs activity concentrations of the wild animals during the study period.

INTRODUCTION

More than 5 years has passed since the Fukushima Dai-ichi Nuclear Power Plant (hereafter
Fukushima Dai-ichi) accident occurred on March 11, 2011. In Fukushima Prefecture, forests
cover 71% of the land area; many of these forests have been contaminated after the Fukushima
Dai-ichi accident to varying extents.! Currently, the sale of wild food from forests, such as
mushrooms, game animal meat, berries and edible new shoots of some trees, has been banned
from areas which were highly contaminated by radiocaesium fallout,> because these foods often
exceeded the standard limit for total radiocaesium (***Cs and '3Cs) of 100 Bq kg™! fresh weight

(fw).
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Decontamination of the land in Fukushima and surrounding areas were initially carried out in
the areas where people live and on agricultural land. The edge of forest areas was also
decontaminated if they were close to houses or agricultural areas. However, large forest areas
remained untreated® because they are less accessible to residents so decontamination of these
areas would be less cost effective in decreasing external radiation to people and it would also
have negative environmental side effects. In Japan, collection of wild foods from forests and
other areas was an important recreational, as well as economically effective, activity for residents
who lived near the contaminated forests, although the consumption amount was small.* In
addition to the comprehensive food monitoring that is used, local food monitoring has been a
practical and effective way to check the radioactive content of wild food and ensure that people
avoid eating contaminated wild food exceeding food standard limits (> 100 Bq kg™! fw) from the
forests affected by the fallout from Fukushima Dai-ichi accident.’

To be able to inform local residents of areas where more contaminated wild food exceeding
the food standard limit (> 100 Bq kg' fw) may occur, and to guide authorities in the
management of the forest, it is important to quantify the transfer of radiocaesium from
contaminated forests to wild food. The Aggregated transfer factor (Tag), which is defined as
radionuclide activity concentration in food (Bq kg™' fw —for '*’Cs given as [!*’Cs] in this paper)
divided by the radionuclide ground deposition in soil (Bq m?), is commonly used to quantify
transfer in extensive ecosystems such as forests.®” The Tag provides an estimate of the
radiocaesium activity concentration in wild food collected in the forest based on the ground
deposition of radiocaesium onto the forest floor. It therefore enables direct comparisons to be

made between species, with respect to temporal and spatial factors by taking the varying
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deposition rates into account. The Tag can also be used to assess internal radiation dose to
animals.

In European countries, many studies on the fate of '*’Cs in forests were carried out after the
Chernobyl accident, including the derivation of Aggregated transfer factors for wild food
products. These values were collated in the parameter handbook published by IAEA® in
Technical Report Series No. 472 based on review results by Calmon et al.’ published in IAEA-
TECDOC-1616. After the publication of the handbook, many additional related publications on
the fate of *’Cs in forest ecosystems were published.!!¢ The data from Chernobyl fallout
studies in forests showed that the ['*’Cs] decreases with time in many different forest
compartments such as tree leaves and understory plants. However, that in wild animals such as
wild boar and roe deer, ['*’Cs] remained high for a long time, with seasonal peaks depending on
the animals diet.!”2° After the Fukushima Dai-ichi accident, Ta¢ values for different components
of trees were reported?!>* which decreased with time, as expected, due to processes such as the
decreasing importance of direct interception of radiocaesium and a reduction in the bioavailable
fraction in soils.?>?¢ For wild animals, no information has yet been reported in international
literature on the time dependency of Tag for wild animals since the Fukushima Dai-ichi accident.

In this study, we have compiled Tag data for '*’Cs in game meat collected from forest and other
non-agricultural, extensive areas in the period 2011 to 2015. We have quantified how the *’Cs
Tag values change with time by calculating effective half-lives in the game animals. By
comparing these values with previously observed data after the Chernobyl accident, we consider

whether the Chernobyl data are applicable for Japan after the Fukushima Dai-ichi accident.

MATERIALS AND METHODS
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Animal $¥’Cs data sources. Cs-137 activity concentrations in game meat data for Asian black
bear (Ursus thibetanus), wild boar (Sus scrofa), sika deer (Cervus nippon), green pheasant
(Phasianus versicolor), copper pheasant (Syrmaticus soemmerringii) and wild duck (Anas
poecilorhynch and Anas platyrhynchos) were reported in food monitoring data from more than
10 prefectures after the Fukushima Dai-ichi accident. Because we needed soil *’Cs ground
deposition data (Bq m™ to calculate Tag, the game meat ['3’Cs] data were only collated from
areas where adequate nearby soil measurements were available. A map of the five prefectures,
Fukushima, Miyagi, Ibaraki, Tochigi and Gunma, used for data collection is shown in Fig. 1. The
following data sources were used for this analysis.

- Food monitoring (Ministry of Health Labor and Welfare?)

- Wild animals monitoring (Fukushima Prefecture®’)

- Wild boar monitoring (Tochigi Prefecture?®)

The data collection period was from May 8, 2011 to December 31, 2015.

For game animals collected in Fukushima Prefecture, the location of each animal collection
site was specified according to a Fukushima hunter map.?® The hunter map uses 31x31 cells
covering Fukushima Prefecture; one cell area is about 5.5 km (wide) % 4.7 km (long). The
location where the wild animals were obtained for the other four prefectures, where radiocaesium
deposition is less spatially variable, was allocated to the nearest local government specified
location (cities, towns and villages).

To calculate Tag, we used '*’Cs (T12=30.17 y) because it has a longer physical half-life than
134Cs (T12=2.06 y). If only total radiocaesium (i.e. ['**Cs] and ['*’Cs]) data were provided in the
monitoring data, the contribution of '**Cs was subtracted from the total radiocaesium using an

assumed ['**Cs]:['*"Cs] activity ratio of 1:1 on March 11, 2011. All [**’Cs] were decay corrected
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to the date of measurement. Typically, the interval between sampling and measurement varied
from 1-30 day so the delay in measurement was negligible due to the long physical half-life of
1370,

To obtain Tag values for each species from 2011 to 2015, further data selection was necessary
because some meat samples had ['*’Cs] below the detection limit. For these samples, if there
were soil '¥’Cs data in corresponding areas, then Tag were reported as not detected, if not then the
Tag was not reported. A summary of the data is given in Table 1. The total number of Tag values
obtained for animals was relatively high for the mammals at 506 for Asian black bear, 2263 for
wild boar, 470 for sika deer, and lower for the birds at 86 for green pheasant, 50 for copper
pheasant and 140 for wild duck.

Corresponding soil data source. Soil ground deposition, in Bq m™, was obtained from open
source data from the Ministry of Education, Culture, Sports, Science and Technologies
(MEXT).! The soil values for '*’Cs (Bq m™) from MEXT, were plotted on a map of Japan as of
June 14, 2011, March 1, 2012, September 1, 2012, December 1, 2012, July 1, 2013, December 1,
2013, and December 1, 2014. All data were decay corrected to the sampling date. The first
intensive monitoring data were focused largely on the Fukushima Prefecture contaminated area,
then subsequent monitoring campaigns covered other areas including Miyagi, Ibaraki, Tochigi
and Gunma prefectures. For the first and second monitoring campaigns were carried out by
collecting five soil samples at one sampling point and the mean value was provided for the
sampling point. The following five campaigns were conducted by using standard in-situ Ge
spectrometry for 1*’Cs and '**Cs determination (MEXT).*°

Each wild game animal sampling site in Fukushima prefecture was located in the hunter map

and the corresponding area in the '3’Cs soil ground deposition map was identified. If there was
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no soil data in the corresponding hunter map cell, then the soil data next to that cell (from any
direction) were applied for the Fukushima samples. Outside Fukushima prefecture, the sampling
sites of the animal samples in the four selected prefectures were at least 50 km from the
Fukushima Dai-ichi site. Therefore, we assumed that the '¥’Cs ground deposition in each local
government level area was uniform (city, town and village). Thus, soil ground deposition *’Cs
data collected anywhere in the specified animal collection city/town/village were applied from
the soil survey data map.

For soil *’Cs ground deposition determination in all prefectures, if a single value was found in
the corresponding area (cell or local government size), then the single value was used. If there
were two data, then an average value was used, and a geometric mean (GM) value was applied if

more than three soil data were available.

Data analysis. The Aggregated transfer factor, T, was calculated using the following
equation.

Tag (m? kg! fw) = 37Cs in meat (Bq kg fw) / 1¥’Cs in soil (Bq m™) (1)

We also calculated effective half-life (Tetr) of ['*’Cs] to compare with previously reported
values after the Chernobyl accident. Effective half-life takes into account ecological and physical
half-lives. To calculate Tefr of '*’Cs, the change with time ['*’Cs] in a population in a natural
ecosystem is generally used. However, as the samples were collected from areas with different
soil '¥Cs radioactivity concentrations they were not appropriate for this calculation. To
normalize ['*Cs], we simply applied the calculated Tag data to calculate Tesr, which is defined as

Teft= In2/Nett (2)
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where At is the '¥’Cs loss rate in each animal species. Aefr is obtained from the slope of the
exponential decline in [*’Cs] in the meat over time as follows:

At = Ao exp (-Aeff t) 3)

where At is Tag of *’Cs at time t and Ao is the expected initial Tag. Using the ['*’Cs] data, a best
fit exponential trend line for each species was computed using KaleidaGraph software (Synergy

Software, version 4.1.4).

RESULTS AND DISCUSSION

187Cs activity concentrations in soil and game animals. In some areas data on the soil 1*’Cs
ground deposition was only available for one or two of the five years of the study period so we
initially considered whether the available data were adequately representative of the entire
sampling period of 2011-2015. We examined the change in '*’Cs ground deposition in soil from
June 2011 to December 2014 using data collected at 150 sampling locations which had been
measured on seven occasions in Fukushima Prefecture. The major soil type was brown forest
soil, which occurs widely in the forests of the five prefectures considered in this study, with
andosol, grey lowland soil and brown lowland soil also present. Both the GM of the seven '3’Cs
ground deposition data at each sampling location and the ratio between each sampling time to the
GM value was calculated.

The results are shown in Fig. 2; there was no statistically significant reduction in *’Cs ground
deposition over the period considered. Earlier data showed that in Japanese agricultural fields,
the GMs of effective half-lives of global fallout '*’Cs were 18.1 y for paddy fields and 14.7 y for
upland fields.>! Thus, a longer observation period would be needed to detect a decrease in the

137Cs ground deposition in forest areas. Therefore, we could reasonably assume that the *’Cs
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ground deposition was similar between 2011-2015 and Tag values were, therefore, directly
comparable.

We initially examined whether the [*’Cs] in meat corresponded to the '3’Cs activity on the
ground or not. Thus [!*’Cs] data in each animal observed in 2011-2015 were classified into three
different '*’Cs ground deposition categories in soil of 1-10 kBq m? (low), 10 - 100 kBq m™
(middle), and >100 kBq m™ (high). The results shown in Figure 3 indicated that the ground
deposition of '*’Cs affected the [*’Cs] in game meat. The ['*’Cs] in meat in the highly
contaminated area were significantly higher than that in the less contaminated area except for
sika deer (because there were no data in the >100 kBq m™ area) and wild duck by Student’s t-
test. Amongst the data in each soil *’Cs activity concentration category, wild boar ['*’Cs] were
significantly the most contaminated game animal sampled in high and middle categories, and
higher than those of bird species in the low contamination category.

Howard et al.” summarized Tae data for wild game animals and also reported ['*’Cs] in game
meat mostly collected in European countries. For wild boar, a maximum of 17.6 kBq kg! fw was
recorded where the '*’Cs ground deposition to soil was 50 kBq m?2. When wild boar data in
Japan in the corresponding middle band of soil '*’Cs at 10-100 kBq m™ were compared, a
maximum value of 24 kBq kg!' fw was observed. If we consider a smaller range which is more
similar to the Chernobyl value above of 40 to 60 kBq m™, then the highest [*’Cs] in wild boar
meat was 8.1 kBq kg'fw with a GM of 107 Bq kg''fw. Thus, the limited initial comparison
indicated that the maximum ['*’Cs] in wild boar was lower than that observed after the
Chernobyl accident.

Aggregated transfer factor (Tag). The determination of the underlying data for the deposition

to soil is a key component in the use the Tag value. The spatial resolution of the data is limited
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and the animals considered have different sizes of home range from which they derive their food,
which introduces an averaging effect, but unavoidably includes uncertainties. Detailed studies on
such uncertainties are currently being considered under the IAEA MODARIA programme,*? but
currently the use of Tag, which amalgamates a large number of underlying processes, is a
reasonable currently available approach which is widely used for radionuclide contamination.We
have summarized the data in each year showing the number of Tae values (m? kg'! fw) obtained,
GM, geometric standard deviation, and the range in Table 2. The percentage of detected to the
total samples measured (see Table 1) was relatively low in wild duck in Fukushima prefecture
(52%) and in green pheasant in the four less contaminated prefectures (45%), However, that for
other combinations was consistently higher than 85%; especially for mammals where it was
more than 95%. Because fewer measurable data were available for the birds and “less than” data
were not used some probably low Tag values are not included, so the Tag reported here will be
over estimated. The Tag data for mammals are less affected by this issue. The annual GMs from
2011 to 2015 decreased slightly for wild boar (from 6.8x107 to 3.1x107), green pheasant (from
8.9x10* to 1.0x10*) and wild duck (from 8.7x10™* to 2.2x10™). In contrast, no change was
evident for Asian black bear (from 5.2x107 to 4.2x107%), sika deer (from 7.2x1073 to 5.1x107%),
and copper pheasant (from 2.5%10 to 1.9x107?).

Using the most recent Tag data in 2015, the data variation (maximum/minimum) among game
animal species was compared. Maximum / minimum Tag ratios were within one to two orders of
magnitude except for wild boar where it varied by about four orders of magnitude. When we
classified the wild boar Tag data into each of the five prefectures, Fukushima prefecture had four
orders of magnitude difference whereas for the other four prefectures the Tag values were within

two orders of magnitude. Because the higher variation closer to the Fukushima Dai-ichi site may
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be due to greater heterogeneity in *’Cs ground deposition within each cell of the hunter map,
which might cause over -and under-estimation of the Tag value. Conversely, for the other four
prefectures, where the land was contaminated more uniformly, the variation of Tag was smaller
for wild boar.

1.33 measured radiocaesium in reindeer and moose in Northern Finland after the

Koivurova et a
Fukushima Dai-ichi accident and found a similar Tag to that after the Chernobyl accident. Thus, if
source and environmental conditions were similar, then Tag could be the same after these two
accidents. We compared the Tag values in Japan with the internationally collated value by IAEA
in TECDOC-1616.% Only wild boar was reported in the IAEA data table and were directly
comparable with our data. The Tag range of GM values given within 5 y after the Chernobyl
accident is 4x1073 to 6.7x1072 so the data obtained for wild boar in Japan were in the same range
as the collated data by TAEA. There are IAEA data for red deer (Cervus elaphus), which is the
same family as sika deer (Cervus nippon), with Tag values of 3x102 to 5x10°% observed in 1986-
19917 which are slightly higher than our Tag values for sika deer. Similarly, the GM IAEA value
of pheasant (Phasianus colchicus), which is in the same family as green pheasant, was 3.2x10%;
thus the Tag is similar to the value we observed. For wild duck, waterfowl are a comparable
group and the value consistently decreased from 1986 to 1989, from 1.3x107 to 2.4x1073 in
TECDOC-1616%; the TECDOC-1616 data are one to two orders of magnitude higher than this
study. However, the IAEA TECDOC-1616 data for waterfowl has a wide range and the Japanese
data are within, but at the lower end of, the reported range across the world as summarized by
IAEA.

Statistical analysis was carried out to compare Tag values obtained in 2011 and 2015 for the six

animal species (ANOVA test), and the results are shown in Fig. 4. In 2011, Tag values for
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mammals were significantly higher than those for birds, however, by 2015, copper pheasant data
were of the same order of magnitude as that of the mammals. Sprem et al.>* reported that ['*’Cs]
in omnivorous species of brown bear (Ursus arctos) and wild boar, were higher than those of
herbivorous species, namely roe deer (Capreolus capreolus), red deer (Cervus elaphus) and
chamois (Rupicapra rupicapra). However, our Taz data showed no substantial differences among
Asian black bear, wild boar and sika deer. Asian black bear, wild boar and the three bird species
are omnivorous species and plants form an important part of their diet, sika deer is an
herbivorous species. >

Copper pheasant and green pheasant size, both male and female are similar, however, it is not
clear why the Tag values of copper pheasant were higher than other bird species because little
information is available on their diet. Furthermore, the number of data was too small for
statistical analysis of time trends so more data collection is necessary for further analysis.

Tetsr for game animals. The Tag values were plotted against the sampling date (days after
March 11, 2011) in Figure 5. Except for wild boar and sika deer, samples were not collected
evenly throughout the years, but effective half-lives of these animals can be calculated using
equations (2) and (3) using data during the collection period from 2011-2015. The Tefr data are
summarized in Table 3. Although no correlations were found between time and log(Tag) of sika
deer and copper pheasant (p>0.05), we estimated Tefr using fitting from equation (3).

Two of the three types of birds had a relatively short effective half-life of Tag-'*"Cs of 1.2-1.9
y, however, copper pheasant, had a longer Tefr, although the data used for the estimation of Ter
were relatively low. Copper pheasants are normally located in mountain forests, while the wild
35,37

duck live in freshwater and estuarine and green pheasant are usually located in grassy areas.

In freshwater and estuarine water, ['3’Cs] decreased rapidly after the Fukushima Dai-ichi
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accident®® and thus *’Cs sources to wild duck decreased faster than that in terrestrial areas. The
difference may contribute to the relatively fast Tefr in wild duck compared with the other game
animals. For green pheasant, the grassy areas that they inhabit were usually close to areas of
human habitation which were decontaminated. These factors may have contributed in these two
types of birds to the lower percentages of measureable ['*’Cs] compared with the other four
animals. Overall, there is lower confidence in the Ter value for these birds and further data
would be needed using longer counting times to obtain more reliable Tefr data for bird species.

The other animals had longer effective half-lives, especially sika deer for which no decrease
was found. Prohl et al.*” reported Test of 10.5 y for wild boar (1986-1999) and 5.7-128 y for roe
deer (1986-2002) after the Chernobyl accident. Tetr was also summarized in IAEA-TECDOC-
1616% and the data obtained over a relatively early period after the Chernobyl accident (1986-
1996) was 22 y, which is in agreement with the relatively high value we estimated for sika deer.
Since our observation period was only for 5 years, and that there are a range of uncertainties
relevant to the calculations made, a longer observation period would be necessary for a more
informed and detailed data comparison with the data observed in European countries. However,
it is clear that the ['*’Cs] in Asian black bear, wild boar and sika deer has not declined much over
the first few years after the accident.

Over three years after the Chernobyl accident, Karlén and Johanson*” reported seasonal change
of ['¥7Cs] in roe deer, which were higher in August to September than January to July. However,
for sika deer, we did not find such a trend in the period 2011-2015. For wild boar meat, ['*’Cs]
data collected in 1988-1992," and in 2001-2003'® also showed a seasonal trend, which high
values in summer and low in winter. However, as for sika deer, no seasonal trend was evident for

wild boar in Japan. For both roe deer and wild boar in the Chernobyl fallout studies feeding on
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wild mushrooms and truffles (for wild boar) was the most significant contributor to high
autumnal seasonal ['*’Cs] in meat.!®!*#! Consistent with the Chernobyl accident, in Japan the Tag
of ['¥’Cs] in mushrooms®* showed the same order of magnitude as that reported in IAEA TRS
472.° and relatively high values have been reported in food monitoring data compared with
agricultural food.? Therefore, if sika deer and wild boar in Japan ate mushrooms then their Tag of
137Cs should have increased in the fruiting period of mushrooms in these areas, i.e. September to
November each year, but no such trend occurred. One possible reason for the lack of seasonal
trends may be that mushrooms do not form an important part of the autumn diet for wild boar
and sika deer in Japan contrasting with European animals. Available information supports this
suggestion. Mushroom consumption was not recorded in wild boar in Japan by Asahi** or
Kodera et al.** Also, only a trace amount of one fungal species was found in sika deer diet
collected in June to August in Tochigi Prefecture,** and most of their diet consisted of tree parts
and herbs.*® To understand the fate of radiocaesium in game animals for a longer period of time,
detailed research, such as that described by Hinton et al.,* of the ranging behavior and dietary
habits of these game animals and the long-term behavior of radiocaesium in forest ecosystems

will be needed in Fukushima Prefecture and surrounding areas.
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Table 1. Data used for analysis of [**'Cs] in wild animals in Japan.

Animal name Number

Fukushima Prefecture

Miyagi, Ibaraki, Tochigi and

Gunma Prefectures

Number Number of

Number

Number

Total
number of

Number of T,

measured detected Tag measured detected Tag calculated
calculated calculated
(%) (%)
. 268 267
bASIa“ black , ¢ 268 268 238 506
car (100%) (99.6%)
972 1630
Wild boar 972 972 1680 1291 2263
(100%) (97%)
29 443
Sika deer 29 29 467 441 470
(100%) (95%)
69 17
Glfeen .6 69 38 17 86
pheasan (100%) (45%)
39 11
Cﬁ’pper .39 39 13 11 50
pheasan (100%) (85%)
53 57
Wild duck 102 47 57 57 104
(52%) (100%)
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437  Table 2. Cs-137 Aggregated transfer factor T (m? kg* fw) of six wild animal species

438  collected in Fukushima, Miyagi, Ibaraki, Tochigi and Gunma prefectures.

Tag (1’1’12 kg_l fW)

Animal name Year I(:Ifu grl;lep;les :
GM GSD Min Max
Asian black bear 2011 23 5.2x10°% 2.3 1.6x103  4.7x107
(Ursus thibetanus) 2012 160 3.9x103 2.5 3.2x10%  6.7x1072
2013 73 4.4x103 2.5 9.1x10*  4.2x107?
2014 191 2.8x107 2.6 3.4x10%  8.0x107
2015 59 4.2x103 2.2 6.0x10*  1.9x10?
Wild boar 2011 163 6.8x1073 2.7 4.7x10%  5.4x10!
(Sus scrofa) 2012 453 4.4x10° 2.6 2.1x10*  1.2x10°
2013 499 43x103 3.3 2.9x10*  1.5x107!
2014 543 2.6x103 2.6 2.4x10%  8.3x1072
2015 605 3.1x10° 2.8 8.9x10°  2.9x10!
Sika deer 2011 35 7.2x10° 2.7 1.3x10°%  2.3x107!
(Cervus nippon) 2012 102 5.6x10% 2.5 5.1x10*  1.2x10!
2013 131 5.5x103 2.5 9.5x10*  7.5%x107?
2014 104 6.3x103 3.1 4.6x10%  8.4x102
2015 98 5.1x10° 2.9 8.4x10*  3.7x107?
Green pheasant 2011 27 8.9x10% 2.4 2.7x10*  7.7x1073
(Phasianus versicolor) 2012 37 8.1x10% 2.6 5.9x10°  3.8x107
2013 12 2.7x10% 3.2 3.3x10°  1.2x107
2014 6 3.3x10% 2.4 1.2x10*  8.6x10*
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439
440

441

Copper pheasant

(Syrmaticus soemmerringii)

Wild duck, incl.
Gray duck (Anas zonorhyncha)
Mallard (Anas platyrhynchos)

2015

2011
2012
2013
2014
2015

2011
2012
2013
2014
2015

10
21

16
46
18
14
10

1.0x10*

2.5%107
1.6x107
4.8x107
1.7x1073
1.9x107

8.7x10™*
6.6x10™
5.5x10*
2.7x10
2.2x10*

2.6

2.2
2.8
3.0
34
1.7

2.0
2.9
2.5
2.2
23

5.4x107°

7.3%10*
2.5%10*
8.3x10*
6.1x10
1.3x107

1.9x10*
9.3x10°°
1.0x10*
7.4%107
5.3x107

4.2x10*

9.0x107?
1.3x1072
3.4x107
1.1x1072
4.6x107

2.9x107
2.3x107
2.3x107?
8.7x10™
7.0x10*
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442

443  Table 3. Correlations of log(Tag) with time and effective half lives (Terr) for six game

444  animals in Japan in 2011-2015.

Animal name R p Ao Aeff Tetr, y

Asian black bear -0.119 0.0074 0.0047 0.00027 6.9

Wild boar -0.227 <0.0001 0.0062  0.00053 3.6
Sika deer - 0.856 0.0056  0.00002 (101)*
Green pheasant -0.561 <0.0001 0.0016 0.00165 1.2
Copper pheasant - 0.674 0.0024 0.00015 (13.1)*
Wild duck -0.405 <0.0001 0.0011 0.00098 1.9

445  * Rough estimation values because no significant correlation with time for log(Tag).

446
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Tochigi

Miyagi
Fukushima

Ibaraki

Figure 1. Map showing the location of the prefectures where wild game animal data were

collected in 2011-2015.
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455  Figure 2. Ratio of the '*’Cs ground deposition at each sampling time to the geometric mean

456  value at 150 sampling locations for seven sample occasions from 2011 to 2014.
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Figure 3. Cs-137 activity concentrations in meat of six game animals collected in high, medium

and low bands of *’Cs ground deposition in soil for the five most contaminated prefectures in
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470  Figure 4. Comparison of Tag (m? kg™ fw) values in meat of six game animals collected in 2011

471  and 2015. Data with the same letter are not significantly different (p<0.05).
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Figure 5. Time dependences of Tag (m? kg™ fw) of ['¥’Cs] in meat samples of Asian black bear,

wild boar, sika deer, green pheasant, copper pheasant and wild duck. For the measurements with
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