THESIS

A COMPARISON OF METHODS TO DERIVE AGGREGATED TRANSFER FACTORS

TESTED USING WILD BOAR DATA FROM THE FUKUSHIMA PREFECTURE

Submitted by
Donovan Anderson

Department of Environmental and Radiological Health Sciences

In partial fulfillment of the requirements
For the Degree of Master of Science
Colorado State University
Fort Collins, Colorado

Spring 2017

Master’s Committee
Advisor: Thomas Johnson

Alexander Brand|
Ann Hess



Copyright by Donovan Aaron Anderson 2017

All Rights Reserved



ABSTRACT

A COMPARISON OF METHODS TO DERIVE AGGREGATED TRANSFER FACTORS

TESTED USING WILD BOAR DATA FROM THE FUKUSHIMA PREFECTURE

In March of 2011, the Fukushima Daiichi disaster released airborne raggoactierial
dominated by Cs-134 and Cs-137. When the radionuclides settled, they contamihated soi
plants, with wild boar also becoming contaminated through various pgshvn estimate of the
radiocesium concentration in wild boar tissues can be obtained fraggaegated transfer
factor based on soil contamination levels. The aggregated transter(fagt for purposes of
this study, is the ratio of Cs-137 concentration in wild boar tissues (Bcdikgided by the Cs-
137 surface contamination of soils (BX)m In this study, two methods were used to estimate
the Tagvalues, and a comparison was made to determine which method reducé¢gintyc&oth
methods rely on harvesting and measuring radiocesium in wild ibsaes (bicep femoris
muscle). The radiocesium value used for soil, however, was different in the thhadneOne
was obtained from a public database of samples collected by theeSaggpvernment in 2015.
Oftentimes, the soil sample paired with the wild boar trap site m@revithin the home range of
the wild boar, reducing accuracy of the predicted radiocesium concenteatidsin the animal.
The other method used soil samples collected at the point of wild qmarecarhe purpose of
this study is to ascertain if the use of the database radiocesiuwrnrsm@ntration values is of
sufficient granularity to provide a useful estimatel'gfvalues. The meahyg value calculated in
the Fukushima prefecture for wild boar were 2.3%a6 kg fresh weight. The research revealed

that the database radiocesium concentration values for soil @Bgsad in calculating



aggregated transfer factors, do not accurately represent the contdieveénin the wild boar.
Collecting soil samples within the home range of the animal reducesainteim calculating
Tagvalues to estimate whole body contamination levels of a wild boar. Cacdaiplements
and supports the existing monitoring programs conducted by the National andupPeefect
governments in Japan by showing lower concentrations of cesiunt andawild boar within

decontaminated areas.
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INTRODUCTION

Aim:

An estimate of the radiocesium concentration in wild boar cabtzned froman
aggregated transfer factdrag) based on soil contamination levels. Thus, if the soil
contamination level an@lagvalue are known for an environment, then the contaminant level in
the boar can be easily estimated. Thgs the ratio of Cs-137 concentration in wild boar tissues

(Bg kg™ divided by the Cs-137 deposition in soils (Bd)m

Bqg

[Cs-lsawild Boar Tissues ki

T, = J
ag Bq
[Cs-l3asoil m2

Tagvalues vary by orders of magnitude because of the natural variationtangnant levels
in soils and in animals (Tagami et al. 2016). Nonetheleggalues are commonly used because
they are pragmatic, allowing estimates to be made without the expereguriing animals to
conduct radiocesium analyses on each animal. A database of so#sawlfgcted and
measured for Cs-137 by the Japanese government is often used to céiguidsearchers
currently use the soil sample information in the datatagen?) to estimate the Cs-137 levels
in animals (Tagami et al. 2016). Often the nearest soil sample daten usdclilatingTag is

taken a significant distance frotiie animal’s home range.

The objective of this study was to determin&aif values derived from soil samplasthe
location of the boar capture site do not differ fréggvalues derived from a data base of soil
samples. Accurate estimation of environment of contaminatiorslé&/ehportant in evaluating

evacuation procedures, duratspand possible health concerns.



Hypothesis:

I.  The use of the database radio cesium deposition values of sagufficient granularity
to provide adequate estimations of Cs-137 levels in wild boar. ThuBgthalues
derived from database radiocesium deposition values are notcagtlifidifferent from
Tag values derived from soil samples within the home range of the witd boa

[I.  Locations closer to the FDNPP will have higher Cs-137 concentratiovitdd boar
muscles tissues.

. Wild boar harvested in areas closer to the FDNPP will have simyjaalues than sites
further away. Similaffagvalues across the sample locations reveal similar
bioaccumulation of Cs-137 in wild boar.

IV.  Boar sex and age will have an influenceGsl37 accumulation in muscle tissue.

The hypothesis is that database radiocesium soil concentrati@s yvptovided by the
Japanese Government (MEXT, 20)&rovide a useful estimate of radionuclide uptake in
Japanese wild boar. Wild boar were trapped and muscle tissue wasdditeestimate wild
boar Cs-137 whole-body activity concentrations. Soil samples were ghtit¢he point of

collection of wild boar.

TheTagvalues of radionuclides in wild boar was determined using two methods.r3the fi
method of determining thBxyg values used soil measurements performed adjacent to the wild
boar collection siteTag1). The second method of determining the aggregated transfer facto
values Tago) utilized information obtained from the Japanese government soil cioatizon

database and collected wild boar tissue concentration of radiocesium.



Cs-137 concentration levels young animals were hypothesized to differ from older
animals.Cs-137 concentration levels in male animals were also hypothesizifier from
female animals (Skuterud et al. 2004). Thus, variations in Cs-137 concendtattorthe boar’s
age, sex, and location were investigated. Boar samples were categuozgaups of age, sex,
and location of capture. An additional outcome was to ascertain ifédhsuredCs- 137
concentration in boar living near the Fukushima Daiichi NucleareP®lant (FDNPP) was
higher than in boar in sample locations further awédne distance between boar trap locations

and the FDNPP ascalculated.

History

In March of 2011, an earthquake of magnitude 9.0 occurred in the northwést, Paci
followed by a massive tsunami. Both events caused immense damagé&tddishima Daiichi
Nuclear Power Plants (FDNPP) and caused a series of explosions whitddregsthe release of
radionuclides from the FDNPP reactors. The disaster presented maeyngéslin
understanding the environmental behavior and ecological impact of the radiocnueletsed.
Radionuclides, dominated by Cs-137, were released from the nuclear pavtemnplaleposited
in the region. Radiocesium was then taken up by the roots of planteasdid entered into
food-webs, resulting in contamination of the environment. Indigenous wilchaearconsumed

both plants and soils containing radiocesium.

Study Area

Wild boar and soil samples were collected from the areas designdtiggire 1. The

Fukushima city sample site is 60 km away, Namie is 7 km awdyQ&oma is 4 km away from



the FDNPP reactor. All three sample locations were used inuthg & compare trends of

radiocesium behavior from highly contaminated areas to less cowtithiareas.
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Figure 1. All samples were taken in Fukushima Prefecture, Japan (left,) and the sample
locations (right). The map on the left is courtesy of the University of Texas Libraries, The
University of Texas at Austin, and the map on theright is courtesy of Google Earth. Copyright-
reference is found in Appendix H.

The majority of the fallout of Cs-137 from FDNPP was deposited mhs¥m-central parts of
Japan in Fukushima Prefecture (Saito et al 2015). Okuma and Namie are amongt the mo
affected areas from the contamination. Fukushima City, also affectbe lagcident, has been
decontaminated to background contamination levels (MEXT, 2015).dampturrently
resettlingin Namie. Okuma is still in the evacuation zone and residency [@enmitted in the

city (Tagami et al. 2016).

Another major nuclear accident: Chernobyl

The Chernobyl Nuclear Power Station (NPP), in Ukraine, experiencedtarraecident with
release of radionuclides on April 26, 1986(Steinhauser et al. 2014). An explosion caased by

sudden surge of power during a systems test resulted in the releasernichdis.



Radionuclides were distributed locally, and carried by winds up to greatahistdmissions
continued for ten days after the initial explosion due to a coredoen. Due to the weather
conditions, Sweden received the highest fallout of radioactive matek&arope (Chaiko, 2012).
The accident’s immediate and severe radiation effects killed 28 people, and exposed another 106
workers to receive a high enough dose to cause acute radiatiorssickhe post-Chernobyl
assessment emphasized the importance of improving reactemsyssigns, maintaining proper
procedures for emergencies, having competent operating staff, and backypysaéehs (NRC,

2013).

Chernobyl vs Fukushima accident

The Chernobyl NPP accident and the Fukushima Daiichi Nuclear Pow¢raBtdent
resulted in a world-wide dispersion of radionuclides. The Fukushimaestdd not result in
any radiation related deaths. Both accidents had negativetsrgathe environment that can be
studied. Specifically, radionuclides andithenvironmental impact and ecological behavior can
be studied. Each accident deposited material in different ecosyatehigd different levels of

contamination (Table 1).



Table 1: Smilarities and differences of the Fukushima Daichii Nuclear Power Plant and the
Chernobyl Nuclear Power Plant accidents (Sleinhauser et al. 2014)

Fukushima Daichii Nuclea

Power Plant Accident

Chernobyl Nuclear Power
Plant accident

Cause of accident

Magnitude 9.0 East Japan
Earthquake occurred,
followed by a massive

tsunami that destroyed and

flooded back up diesel
generators that provided
electricity to cooling
components of the reactor;
lack of cooling led to high

temperatures and hydroger

explosions

Inappropriate reactor operatig
at low power and critical
warnings not noticed by unde
trained staff led to an
explosion in Unit 4 of the
reactor

No containment building
surrounded the reactors

Radioactivity released

Cesium, iodine and noble
gases

520 PBq

Cesium, iodine, noble gases
and transuranics

5300 PBq

International Atomic Energy

Agency International Nuclear ang

Radiological Event Scale

7 - Major accident

7 - Major accident

Area contaminated

75% forested, <10% rice
paddy fields, <10%
agricultural areas and <5%
urban areas

43% agricultural, 39%
forested, 2% bodies of watel

Weather the day of accident

Weather transported an
estimated 80% of the
radionuclides towards the

ocean

Wind carried radionuclides
into nearby countries,
including: Belarus, Austria,
Greece and others

Evacuation

600 kn?, immediate

evacuation and stable ioding

pills provided

2800 kni, evacuation was 2-3
days after accident and no
stable iodine pills provided

Fatalities due to acute radiation
injury after accident

0

28




Decontamination of the Fukushima Prefecture

Decontamination of the land in Fukushima prefecture began shortlytedtactident. The
Japanese government’s goal is to decontaminate the region to allow re-settlement of evacuated
areas. Decontamination was initially carried out in inhabitedsa However, large forest areas
make up 71% of the contaminated land area and have not been decontaminatedgfTalgam
2016). The decontamination of the forest has not been performed primarily due ghthedhj
the fact that people @anot impacted directly, and possible negative environmental side effects.
Cleaning the contaminated forests would not sufficiently lower the ektediation dose to
people at an effective cost because the regions are less accessbidents. Since forests will
remain untreated, an increased radionuclide bioavailability foa hiieng in the area is possible.
A map of the contaminated region and land utilization is shown in FRyjuwkeasurements of
any soil samples taken from an area that has been decontaminatiedluesge the Cs-137

reading, thus impacting the cesilig of wild boar in the area.
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'Figure 2: Land utilization (left) and the contaminated region (right) show that most of the
contaminated area is forest. The dose survey was done on 2016 using an airborne monitoring
system. Map on left is courtesy of the University of Texas Libraries, The University of Texas at

Austin, and the map on theright is courtesy of Geospatial Information Authority of Japan?.

Radionuclide Transfer to Biota

Parameters that estimate radionuclide accumulation, such as thgatgdteansfer factor
(Tag), are used in assessing doses to biota in contaminated ecosystertnan3ier of
radionuclides to biota vess, making modeling and predictions of concentrations of
radionuclides in wildlife challenging; nonetheless, there aréadstto devise approaches which
are credible and acceptable to the scientific community. Theaooshon approach for
estimating the transfer of radionuclides is using the surface deposisoil a§ a starting point
to estimate the concentration of radionuclides in biota. Radiocégpically will transfer from

soil to plant to animal if it is not bound to clay materialsoil (Beresford et al. 2013).

1 Map used with permission from Geospatial Information Authority of Japan:
information on copyright approval found in Appendix H.


http://ramap.jmc.or.jp/map/eng/

Forest Ecosystems

Fukushima Prefecture is dominated by a forest biome. An estimaiotgewe percent of
the contaminated area is large forests. The forests have unique stirefrand they ara
complex natural ecosystem, especially when assessing the behaviat3# Gwavailability
(Tagami et al. 2014). The forests in the region have vegetation andl aiversity. The
relationship and interactions between biota create multiple tréglrets and food chains. The

complexity of forests factors into the behavior and mobility oflG8-

Cs-137 mobility in boreal forest soils and plants

Cesium-137 may assume different chemical forms in forest soil. T@michl forms are
dependent on the isotas@xidation state. Cesium will generally bind, reversibly, to organic
matter. Organic matter can release cesium when it decomposesd@agat. 1994).
Decomposing of organic matter releases the cesium back inta¢ise [ftter and media. The
resuspension of cesium from the decomposing matter generates asadameobility of the

radioactive isotope in forest regions (Oughton et al. 1994).

Cesium can also bind, in some cases irreversibly, to clay mineaisevdr, clay minerals in
forest soils are not typically present. (Giannakopoulos et al. 2011). MaldilCs-137 is also
dependent on the presence of nutrients available for plantst Bolleswhich lack essential
nutrients, like potassium, will uptake elements such as resiiom due to similar physical and
chemical properties (Giannakopoulos et al. 2011). The uptake of Cs-13inis will relocate
radiocesium above ground as a secondary contamination. The resuspedsiloaation

generate a long-term mobility cycle for Cs-137 in a forest ecosy§&i@anrfakopoulos et al.



2011). More than 90% of the Cs-137 stays within the upper five cm of most forest ecEsyst

(Shaw et al. 2001).

Agricultural ecosystems

Agricultural land is less complex than a forest ecosystem andeweral differences. Human
activity in the area is the largest difference. Human agricultataitées continuously disturb
the soil and reshape the land. Thus, the upper organic layer (forest léeseist and Cs-133
distributed directly in the upper soil ksyand on crops at the time of the deposition. If
agricultural plants, such as rice stalks, are present during theftiime deposition, most of the
cesium will land on the leaves and some fraction absorbed. Thanegnadiocesium will drop
to the soil by weathering. The agricultural soil structure will decreasaadbdity of Cs-137 and
reduce the uptake by plants. The agricultural soil is fertilized withsgatm, which means the
crops and plants will not uptake as much of the Cs-137 (Strebl et al. 200&1). ploughing
occurs, Cs-137 will migrate deeper in the soil, thus Cs-137 will be found deeggicultural

soil than in forest ecosystems (Shaw and Bell, 2001).

Japanese Wild Boar (sus scrofa)

Wild boar,Sus scrofa leucomystax, is an omnivorous mammal living in evacuated cities and
natural ecosystems. Radiocesium uptake by wild boar is mohg ilikeatural ecosystems.
Concentration of radiocesium in wild boar is expectduethigher in areas within four km of
FDNPP, such as Okuma. Variation in radiocesium concentratienm @cosystem may alter the

concentration levels in the meat of wild boar with time (Hamptah. &004).

Wild boar in the evacuation zones have increased in population sinEBifePaccident

five years ago (Tanoi et al. 201@he mammal’s aggressive behavior poses a threat to citizens,

10



workers, and farmers in the Fukushima Prefecture. Wild boar of allaagedoeing harvested by
professional hunters within Fukushima Prefecture. The Japanese goveshouergntly
attempting to reduce boar populations in the evacuated zones surroundiagtged reactor
complex. Expanding populations of wild boar are considered a tripld thmgacting

biodiversity, agricultural production, and public health. The cull@thals provide a unique
resource of tissues that can be made available for scientific stuldyb®ér are well suited to be
a sentinel mammal for ascertainifg values of radiocesium, and wild-life radionuclide uptake
(Hampton et al. 2004). The boar’s habitat, diet, and mammal characteristics provide useful

information to understanding environmental radioactivity.
Wild Boar habitat and home range

Wild boar can be found throughout Japan, save for Hokkaido and the RywysisThe
boar population is now being controlled by the Japanese government, harveistialg shrough
hunting and trapping. Wild boar have a varying home range, which can ysaydieg on a
boar’s threats in a habitat and the seasdfiost of the boar’s threat are from human activities.
Human threats can cause wild boar to migrate large distances (Kewdih@@09). Wild boar
are predominately forest or forest edge species, thriving in natimgtsa However, in summer
wild boar are observed to use agriculture fields and little shrubs féeishBloar can have a
home range of 5 kin(Keuling et al, 2009). An example of a bsahome range is shown in

Figure 3.

11
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=Trap Location
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Figure 3: The boar trap location (160603-1) corresponds to the boar capture site. The boar’s
home range has an estimated 1.26-kilometer radius from the trap site location. (Keuling et al,
2009. The map is courtesy of Google Earth. Copyright information found in Appendix H.

Wild Boar Diet

Boars are omnivores and may have fluctuating rates of cesium ingkestiotheir diet. In
forest ecosystems, radiocesium is more available for wild boar ufptaeplants and fungi
(Olsen et al. 1994 hus, the boar’s diet may contribute to an increased ingestion rate of
radiocesium based on the consumption of these plants and fungimdgsilso more
bioavailable because of the soil structure in the ecosystem (Sha2@23. Radiocesium is
less available for uptake in agricultural ecosystems due to decoatamiby the Japanese
government ancht area’s soil characteristics (Shaw et al. 2001). Wild boar may migrate from
evacuated zones, and the new ecosystem will bring a new diet. Whlchigmate to find new
fields or forest regions with high energy nutrients and safe shelter cilange in range will

impact the animal’s radiocesium concentration. For example, in some areas of northeastern

12



Japan, mushrooms grow rapidly and are a highly-contaminated food. The baanedhe
mushroom, which results in an increased radiocesium condentitathe boar’s meat (Tagami

et al. 2014.

Boar may also have variations of radiocesium intake due t@ucitawater consumption

sources, and changing concentrations in those same sources.

The sample locations have ecosystems that have sufficientifageoipthat the inhalation of
contaminated particles from resuspension by wild boar is estimabednbinimal. However,
rain-drop splash may cause resuspension. Contaminated particles may¢hem plants or

shrubs that are consumed by grazing animals, such as wild boar.

Chernobyl Wild Boar Sudies

Studies have found high concentrations of radiocesium in wild boar lmearé¢as impacted
by the Chernobyl accident. Boar meat collected in the FukushimecRnef in 2011 had a
maximum activity concentration of 7900 Bgk{Mers et al. 2015). Boar meat collected in 1996
near Chernobyl had a maximum that was two magnitudes higher at 661,000 Eeukakov et
al. 2014). The high concentrations are due to the Chernobyl NPP accidenil®6Ap®86
(Table 1). Even in remote areas after the Chernobyl NPP acditkehB7 concentrations are

much higher in boars surrounding Chernobyl than wild boars in Japan.

A decade and a half after the Chernobyl NPP accident a study on boar Cs-X¥3#ratino
in meat was conducted in Croatia in 2000-2002 (Vilic et al. 2005). Sevéddb@ar meat
samples were collected in the region, and gamma-spectrometsamaeeents of Cs-137 were
performed. Cesium-137 concentrations ranged from 0.4-611.5B(fregh weight). The range

of concentration varied by three orders of magnitude. Variation inrbeat concentration was
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postulated to be due to such variableghaanimal’s diet, home-range, age, or sex. The
researchers suggeslthe large variation is due to the food consumed by the wild boar and
variations in the contamination within their habitat. During autuanperiod of high mushroom
growth, the boars have higher consumption of mushrooms resulting in high87@alues in

boar meat (Vilic et al. 2005).

Wild Boar radiocesium concentration as a function of age

At all the sample locations of wild boar, a large age variationloshlvaar captured in the
study period was observed. The age variation of wild boar is betegethan five weeks to
greater than 220 weeks. The age variation is shown in Appendix Eadesmim levelsn young
boar may differ from mature boar. A previous study at Fukushima Universityiadithat age
of cattle was more important in determining their radiocesium burdens theorttagnination
level of the environment (Sato et al. 2015). Another study conductedret€hernobyl
accident focused on cesium accumulation in lynx. The study fouhdghahad an influence on
radionuclide uptake. Adult lynx tend to have a higher activity coreon than their cubs.
Adult lynx had 0.111 Bq kg (fresh weight) and cubs had 0.093 Bg'kiyesh weight), which
was a statistically significant difference (Skuterud et al. 2004). Thetdfe concentration
levels in multiple age groups of wild boar were investigated tdof segeiinfluences radiocesium

accumulation.

Wild boar radiocesium concentration as a function of sex

Uptake of radiocesium in wild boar living in contaminated areasF#aishima may be
influenced by the animal’s sex. A post-Chernobyl study in Sweden found a measureable, but not

statistically significant, difference between male and femaleddioceisum accumulation
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(Lowe et al. 1990). Lynx cubs were studied in affected areas of the Chernobyhaacdé¢he

researchers found no significant difference betweeasg®kuterud et al. 2004).

Aqggregated Transfer Factors

Modeling radiocesium accumulatiomwild boar is important to understanding radionuclide
behavior in ecosystems. Aggregated transfer factagsdre used to provide estimates of the
concentrations of radioactivity within a biota relative to theitaalin terrestrial biota, the
calculation requires the activity concentration of a radionuclideemhole-body organism and
the radionuclide ground deposition (IAEA 472). Aggregated transfer femterisey parameter
values for the evaluation of the transfer of radionuclides from envennto wildlife groupsTag
values can be used to assess potential radiation dose rates asdeffempulations in the
ecosystem. If the soil contamination level daglis known, then the contaminant level of a
population can easilydestimated. ATagis based on the ratio of radionuclide ground deposition

(Bg n7?) to wild boar’s meat (Bq kg).

The activity concentration of a radionuclide in soil is generally reportBd; ikg™.
Radiocesium concentration in soil surrounding the FDNPP is not unifosoil depth nor in
distribution. A thin surface layer of radiocesium of five-centimetgckhess contains most of
the soil contamination (Tagami et al). Thus, activity concentratioagadionuclide in soil are
difficult to apply to the Fukushima situation. Therefore, Thgvalues determined in this study
were developed based on the ratio of soil surface concentrBtiom?) to the activity
concentration irwild boar’s meat (Bq kg dry weight). TheTag values were calculated for
Fukushima Prefecture to estimate wild boar contamination levelatetermine maximum

doses to people who consume the meat (Tagami et al 20dA)alues can be used to help
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monitor contamination of an environmeni valuesare also used to estimate an organism’s

whole body activity concentration when only the ground depositiknas/n.

Compliance with the Japanese government standard food limit (> 100'Bépkg
radionuclides is ensured by monitoring tissues of hunted animalgytioot the Fukushima
prefecture. The transfer of Cs-137 from contaminated land to game animals cantifeedqua
using an aggregated transfer factor (Tagami et al. 2016). The aggregated tratwsfer tlae
activity concentration in meat (Bq ®pdivided by the amount of radioactivity in soil (Bg2m
Tag values for wild boar are calculated using monitoring data provided by thee3apa
government (Ministry of Education, Culture, Sports, Science and Technologyt®/ebs
Extension Site of Distribution Map of Radiation D&s€esium-137 activity concentrations in
boar are provided to the public by the Fukushima Prefecture. Soil groursitolepof Cs-137,
in Bg n2, were obtained from the Ministry of Education, Culture, Sports, Seiend
TechnologiesThese have been periodically plotted on a map of Japan and are a part of Japan’s
intensive monitoring program. The plotted Cs-137 concentration data points\areistfgure

4.
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Figure 4. Example Cs-137 ground deposition values from samples, taken by MEXT. Themap is
taken from the Geospatial Information Authority of Japan?

Wild boar muscle tissue samples and soil samples at the boarda#iprie were collected to
support the hypothesis of this project. N&xt values were calculated for each animal. The
appropriate databasgs-137 ground depositiofBg n?) was paired with the wild boar trap site
andaTag value calculated. Eachygvalue was used to estimate the contamination level of a wild
boar. Our hypothesis is that thg values can be estimated using aggregate data obtained from
Prefecture level sampling, and individual animal sampling is ragssary to ascertain

radiocesium concentrations in wild boar.

2 Map used with permission from Geospatial Information Authority of Japan:
information on copyright approval found in Appendix H
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MATERIALS AND METHODS

This project was reviewed by the Colorado State University Institdthomenal Care
and Use Committee on Novembef"12015 and was found to be exempt. The exemption memo

is provided in Appendix A

Sampling

The soil and boar data collection period was from Jih&€G16 to November's 2016.

Wild Boar sampling

Sixty-one wild boar were captured and 157 tissue samples were taking dercal¢iction
period, however more boar were captured after the collection period ardtittieral
measurements were included in this study. Location, sex and agetveasitable for every
wild boar captured during the collection period due to communication errors waitrsiuT hus,
sample sizes for each analysis varied depending on informationtedlfer each boaCs 137
concentration (Bq ké) were obtained for sixty-one wild boar. Wild boar were captured using a
large metal cage trap (Figure 5). Traps were baited using powdered cotrapEhwere
triggered by a trip wire. The number of traps in the area varied atidocthe hunters, and the

boar population.

Trap locations with GPS coordinates are provided in Table 2. Tveentyaps were installed
in Namie town and checked Mondays, Wednesgayd Fridays. Approximately 40 traps were
installed in Okuma, where the boar population is higher. Okuma trapsegeipped with an
electronic device indicating when triggered, and sent a signia¢ tounters. Every trap site

where a wild boar was captured is shown in Appendix E.
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Boar were euthanized by professional hunters as part of a large-sdalg apédration to
reduce the boar population. Researchers performed a necropsy on the edithaaizo collect
desired samples. A full set of samples from a boar included ribay femep femoris,
longissimus, masseter, liver, kidney, heart, lung, tongue, testicledh)yaodis. All samples
were packaged in plastic bags with unique identifiers and sent to the dERioAal information

such as sex and age were taken at the trap location.
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Table 2: List of all thetrap sites and their GPSlocations. All trap locations listed caught at least
one wild boar for the study.

20

Namie Fukushima City

Trap Trap

number | Longitude| Latitude Number | Longitude| Latitude
1 37.491431 140.97859 1 37.704008 140.401985
2 37.523055 140.931445. 2 37.761529 140.501009
3 37.508634 140.931026. 3 37.74873| 140.490098
4 37.480354 140.98920 4 37.744412 140.504675
5 37.568932 140.77801
6 37.479072 140.97939 Okuma
7 37.581339 140.72104 Longitude| Latitude
8 37.549639 140.79694 1 37.393036 140.995272
9 37.510019 140.93548 2 37.415958 141.012303
10 37.465361 140.94315 3 37.393036 140.995272
11 37.491317 140.941102. 4 37.400028 140.989244
12 37.465361 140.94315 5 37.39513| 140.97357
13 37.505422 140.92502 6 37.393047 140.997004
14 37.551871 140.78817 7 37.414074 140.987373
15 37.55606 140.78397. 8 37.400028 140.989244
16 37.46466| 140.92319 9 37.454348 141.002830
17 37.54061| 140.81465 10 37.399016 140.971983
18 37.478359 140.97747 11 37.384897 141.009965
19 37.568932 140.77801* 12 37.390051 140.998834
20 37.561920 140.74667 13 37.429225 141.009476
21 37.500294 140.94546 14 37.408544 140.975109
22 37.464554 140.94624! 15 37.384897 141.009965
23 37.479347 140.98190 16 37.443004 141.007252
24 37.497798 141.014961
25 37.465529 140.94711
26 37.480657 140.94089
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Figure5: (A) Thetrap onceit has been triggered by a wild boar. (B) The trap being prepared to

capture boar by professional hunters.

Six captured boar were not killed, but given general anesthesia. Doeiagésthesia period,
a whole-body count was performed using enf-Kromek CZT detector to measure Cs-137
(Figure 6). The boar were then released with a radio-collar (Figure 7). TaemoNided GPS
location information of the boar, providig estimate of the boar’s home range. The boar collar
data is still being analyzed. Howeven, average, the boar’s home range encompassed a radius

of 1.26 kilometers from the trap locatiofi&euling et al, 2009
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Figure 6: (A) 1-cm® Kromek CZT detector (B) The whole-body measurement of the boar
using the instrument

Figure 7: Radiocollar used on the boar to determine home range and external dose

Cesium does not accumulate equally in all tissues. Cs-137 accunt@&édsigher in muscle

tissue than any other organ tissue (Taxai. 2016). Radiocesium is the chemical analogue of

the stable element potassium. When radiocesium is ingestedadsrn the body like potassium

and accumulates in muscle (NCRP Report) 1bHerefore, the bicep femoris, a muscle tissue of

the wild boar, was collected and measured for Cs-137. All muscle tisap&esavere prepared

by removing all hair, connective tissue, and fat to reduce uncertalmymuiscle tissue was

assumed to represent the whbdgly measurement due to cesium’s bioaccumulation in the

muscle in the wild boar.
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All wild boar samples were measured using dry weight (D.W) samples. A D.Yes&n
dried to remove all water from the sample before it is measured for radiocd-resh weight
(F.W) were also measured to develop a correction factor. The correction(xsGF.W), for

bicep femoris muscle tissue in the wild boar, was 0.24.

At the IER, each sample was carefully homogenized and transferaefive-mL plastic bag,
weighed, and given the same identification number recorded in the fieldahtple was then
placed in a freezer for at least two hours at -80 °C. Once frozesartie was freeze-dried for
two days. All moisture was eliminated from the sample during the fidwa®y process. After
the process was completed, the sample was re-weighed and transfaer€drtd. plastic bottle.
The samples are shown in Figure 8. All boar sample measurement oé§igtd 37

concentrations using a HPGe instrument are provided in Appendix E.

Figure 8: (A) Obtained samples from boar were labeled, homogenized, frozen and placed in a 5-
mL bag. (B) Example of prepared boar tissue sample
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Soil sampling

Method 1

Sixty-three soil samples at 21 sample sites were taken during lbetiool period. Three soill
cores were collected at each boar trap location. The soil samplesolleceed based on a
randomized process that provided a direction between five meters and 300 roetdhseftrap
location. Each soil core was nine centimeters long, had a five-centinaetestdr, and was
sliced into three individual parts to be analyzed (Figure 9). Those pdudaddhe top layer (3
cm), middle layer (3 cm), and lower layer (3 cm). The soil sampling proceksevis in Figure
10. The radionuclide ground deposition was then calculated using thectotiy 4Bq kg?) in
each slice, the mass of each slice (kg) and the area of the surfacttheeeore (). All
samples were air-dried and thoroughly homogenized. Stones were terandehe mass of the
samples was determined before gamma-spectrometric measturémdariveCs-137 ground
deposition(Bg n7?), weight based measurement results kgé dry soil) were related to the
recorded sample area and the soil bulk density for each depth incr&ameations 1.2 and 1.3
were used to calculate the bulk density of soil (k§) and then find the surface deposition. All

data are provided in Appendix D.

Equation 1.2:

V =mnr?h
V = volume
r = radius of core

h = height of core
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Equation 1.3

D= Z Cipiz;

Wh D=D iti ( Bq )
ere D = Deposition 2

. Bq

C = Concentration (E)

g ) _ mass (kg)

p = soil bulk density ( o volume

z = thickess (cm)
i = layer level

Plotting theCs-137 concentration vs. average depth in soil between soil slice A, B, and C
will provide an exponential regression equation for@sd 37 concentration with depth. Thus,
the ground deposition could be found using the regression equation and Equatibinel.2.
ground deposition calculated from the obtained soil samples is a$samepresent the home

range of the wild boar.

3cm

3cm

9cm

3em

Figure 9: Soil corestaken at each sample site were sliced into three layers.
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Figure 10: (A) Soil samples were collected in the boar home range. (B) Samples were sliced into
three 3-cm pieces. (C) Example of a prepared sample.

Each layer of soil was placed in a 60-mL plastic container fosanement oCs-137 using
an HPGe instrument. All soil samples were fresh samples and geddeshe field. All soil

measurement results are provided in Appendix D.

Method 2

After the boar were captured, the location of each boar’s trap site was specified on a Japanese
public hunter map (Fukushima Prefecture, Fukushima Huntef)MHpe map utilizes 31x31
cells, each cell is approximately 5.5 km wide and 4.7 km long, covering tlslkima
prefecture (Tagami et al. 2016). The specified cell can then be used to obtanrésponding

concentration of radiocesium in Bg?in the area. The corresponding concentration of

8 Fukushima Hunter Map is provided online at:
http://wwwcmes.pref.fukushima.jp/pcp_portal/PortalServletgaaad=5557128F1DC64A7D
BDE2695750E8600E?DISPLAY_ID=DIRECT&NEXT_DISPLAY_ID=U000004&CONTENTS _ID=26118
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radiocesium in the area was previously obtained by MEXT in Octobert304&mpling
throughout the prefecture. MEXT collected soil samples from JuRe204.1 to December 2015.
The MEXT soil monitoring program was accomplished by collecting fivessmiiples at one
sampling location, and the mean value of the soil concentrationmpugas the site’s ground
deposition. All data from MEXT was decay corrected to the samplirg MEXT usedHPGe
spectrometry for Cs-137 measurements (Tagami et al. 2016). The soil valGssiig7
concentrations from MEXT were plotted on an open source map of Jaa(r(M015). All

corresponding area Cs-137 soil ground depositions for each trap site areirsiAg@pendix D.

The methods of calculating tfigg values were compared using a paired t-test and the Bland-

Altman method of agreement (Bland et al. 1986).

Gamma Spectroscopy

All boar and soil samples were analyzed for Cs-137 activity concentratiom ER. A High
Purity Germanium detector system (HPGe, Canberra Industries, Meriden, Gautheweasured
activity concentrations through gamma spectroscopy. More informatioine instrument and

other devices used for measuring radiation is provided in Appendix C.

Data Analysis

Number of Samples

Sex and age class were investigated to determine their influenceldy @scumulation.
The wild boar were classified by sex (male and female) and age, (astehile, and squeaker).
Age classes (squeaker <12 weeks old, juvenile <52 weeks, and adult >52 feeekis) boar

are delineated in Table 3 (A) and (B). Boar age was determined at the &tpnidxy tooth
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erosion. A wild-life biologist at the trap location used a tooth erodiart that estimated the age

of each boatr.

Table 3(A): Captured wild boar categorized by age for statistical analysis purposes based on the

sample size.
Description Squeaker Juvenile Adult
(age) (<12 weeks) (<52 weeks) (>52 weeks)
Number of Wild 16 30 21
Boar

Table 3 (B): Captured wild boar categorized by sex

Description Male Female
(sex)
Number of Wild 37 33
Boar

Calculating Aggregated Transfer Factors
Tagvalues were calculated using Equation 1.1.
Equation 1.1:

activity concentration in whole organism (i—g,dry weight)

Tag=
9 Cs—137 ground deposition (%,)

The activity deposition in soiBg m?) was obtained by two methods fivalue
comparison. The first calculation involved soil sampling from method beesdil collectedt
each boar trap sitd4q). The second calculation involved local soil sampling from method two:

the MEXT public site provided database soil samplag)( Each Tagvalue’s calculation used the
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activity concentration in boar’s muscle for the numerator in Equation 1.1. Bty andTag Were

compared by using Bland Altman’s Agreement and a paired T-test (Bland et al. 1983).

After comparison ofaq andTag Values, the distance between trap sites and the FDNPP were

compared and analyzed.
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RESULTS

Wild Boar

Cs-137 concentration in wild boar as a function of location

Activity concentration of Cs-137 in boar muscle tissue was higher in eleses to FDNPP.
The highest activity concentrations of Cs-137 are found in Okumatheaample site closest to
the reactor (~4 km). The highest Cs-137 concentration found in the bgaufdmiceris (3.% 10*
Bg kgt dry weigh) was from Okuma. The lowest Cs-137 concentration in the boar feicepis
(3.0x 10? Bq kg* dry weight) was from Fukushima City. Mean Cs-137 levels at thé¢idosa
differed significantly (p < .0005). The data from each location are showiguneFL1 and Table
4A. The log transformed data mean and standard deviation are shownardBaflhis was
done because the original data were highly skewed and hence trat&forwas used to satisfy
the assumption of normality. An ANOVA test reveaéesignificant difference betwedds-137
concentrations in wild boar at Namie and Okuma (note that bothiwéhe plume of the
radioactive release) (p = .001). The ANOVA statistical analgsiigrther shown in Appendix G.
The wild boar sex and age ANOVA analyses are also included in thd prodigled in

Appendix G.
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Cs-137 activity variation in Location of Boar
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Figure 11: Cs-137 concentration (Bq kg dry weight) in wild boar muscle tissue from each

Table 4A and 4B: Cs-137 concentration (Bg kg D.W) rangesin wild boar muscle tissue (bicep
femoris) with means and standard deviations for location of boar, where n = number of samples

sampling site.

Location (A) Total Boar Cs137 Mean Cs-137  Standard
concentration | concentratior] Deviation
(n) range Bokg? Bq kg*

Fukushima City 13 3.0x1(3-6.0x10° 1.4x16 1.7x16
Namie 30 1.1x10-2.9x10P 7.3x16 7.0x16
Okuma 20 2.1x16-3.7x1CP 7.4x16 7.4x16
Location(B) Total Boar Cs137 Mean Cs-137| Standard

Log-transformed data concentration| concentration| Deviation

(n) range Log (Bg kg?)
Log (Bakg™)
Fukushima City 13 2.5-3.8 2.9 0.46
Namie 30 3.0-4.5 3.7 .37
Okuma 20 3.3-3.5 4.08 .30

The distance from the boar trap site to the FDNPP was caltufatemi-log plot of Cs-137

concentration (Bdkg™) in the boar versus distance (km) to FDNPP is shown in Figur 12.
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general linear model revealed that there was a correl@fon0.516) between the levels of Cs-
137 and the location of the trap site. As the distance between thedrapdsFDNPP decreased,

the Cs-137 levels in boar increased.

Cs-137 concentration vs Distance
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Figure 12: Cs-137 concentration in the boar muscle tissue vs the distance the boar was captured
from the FDNPP. The equation for the linear regression lineis
y=-0.04x +9.33.

Cs-137 Concentration in Wild Boar muscle tissues vs. sex

ANOVA was used to ascertain the influence of sex on the levels of Cs:tid#ya
concentration in the boar. The data were log transformed to satisfplitgrassumptions. The
sex of the boar had no significant influence on the accumulation of Cis-118¥ muscle tissue
(p=0.98) using the log transformed data. The range of Cs-137 concentration in phe bice
femoris for both male and female, and the mean for each, are gndable 5A. The log
transformed data’s mean and standard deviation are shown in Table 5B. A boxplot of the sex of
boar vs. Cs-137 concentration in the muscle tissue is shown in Figure E3béaaldid not have

a demonstrably higher uptake@$137 than female boar.
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Cs-137 activity variation in Sex of Boar
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Figure 13: Cs-137 concentrations (Bq kgt) in wild boar muscle tissues compared by sex

Table 5A and 5B: Cs-137 concentration (Bg kgt D. W) ranges in wild boar muscle tissue (bicep
femoris) with means and standard deviations for sex of boar (male and female), wheren =
number of samples

Sex (A) Total Boar Cs137 Mean Cs-137 Standard
(n) concentration concentration Deviation
range (Bokg™) (Bakg?)

Male 37 3.0x1(¢-3.7x10* 8139.4 7581
Female 33 3.2x1(¢-2.5x10* 7792.7 8893
Sex(B) Total Boar Cs137 Mean Cs-137 Standard

Log-Transformed Dati (n) concentration | concentration Deviation
range Log (Bqg kg™?)
Log (Bg kg™?)

Male 37 2.5-4.6 3.5 0.63

Female 33 2.5-4.4 3.7 0.54
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Cs-137 Concentrations in Wild Boar vs. age

ANOVA was used to determine the influence of age on Cs-137 aatityentration in the
boar. The boar were categorized into three groups: squeaker, juvedikgwdt based on their
age (Table 6). The age of the boar had no impact on the Cs-137 foundnnsitie tissue (p
0.62). A boxplot of each age category is shown in Figure 14. The ra@® 187 concentration
in the bicep femoris for all three categories, and the rferagach, are shown in Table 6A. The

log transformed data are shown in Table 6B.

Cs-13T7 activity variation in ages of Boar
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Figure 14: Cs-137 concentrations (Bq kg?) in wild boar muscle tissue compared by age
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Table 6A and 6B: Cs-137 concentration (Bg kg?) rangesin wild boar muscle tissue (bicep
femoris) with means and standard deviations for age of boar (squeaker, juvenile, and adult),
where n = number of sample) (A) The log transformed data and corresponding mean and
standard deviation (B).

Age (A) Total Boar| Cs137 concentration| Mean Cs-137  Standard
(n) range (Bokg?) concentration  Deviation
(Bakg?)
Squeaker 16 3.0x 1¢%-2.1x 10 6.0x 10° 9.1x 10°
(<12 weeks)
Juvenile 30 4.0x10%-3.7x 10¢ 9.8x1C° 8.3x1C°
(<52 weeks)
Adult 21 8.0x 10%-2.1x 10* 7.8x10° 7.6x10°
(>52 weeks)
Age(B) Total Boar Cs137 Mean Cs-137| Standard
Log-transformed datz (n) concentration| concentration| Deviation
range Log (Bg kg™)
Log (Bg kg?)
Squeaker 16 2.5-4.3 3.2 0.46
(<12 weeks)
Juvenile 30 2.6-4.6 3.8 0.47
(<52 weeks)
Adult 21 2.9-4.4 3.7 0.10
(>52 weeks)
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Soil

Cs-137 Concentrations in soil at each location

Method 1:

Sixty-three soil core samples were taken at the twenty-awewfiere wild boar were
captured. The result of each sliced core measurement is shownandip. Each site’s
average radionuclide ground deposit{8g nT?) and standard deviation are also provided in
Appendix D. The Cs-137 average at each location is provided in Table 7. Ascexsed
samples collected at the Fukushima City sites had much lower Cs-1&htrations than both
Namie and Okuma. Higher levels of Cs-137 are observed in Okuma. A bokghetsoil
samples at each location is provided in Figure 15.0$&37 concentration were log
transformed. ANOVA testing revealadignificant difference between the log transformed Cs-

137 ground deposition measurements and the location of th sdi.0001).

Fukushima city had little surface contamination from the accident whscitted in lower
Cs137 ground deposition measurements. There was a significant differeweeébe log

transformed Cs-137 ground deposition average values between Okuma aadiN&n9002).
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Figure 15: Cs-137 concentrations from collected soil samples from method one (Bg mr?) at each
location.

Table 7 (A) and (B): (A) Cs-137 concentrations (Bg nmr?) ranges in soil samples collected near
the trap site location with means and standard deviations; where n = number of samples. (B)
Log transformed data mean and standard deviations at each sample site.

(A) Method 1: Range of Cs-137 grounq Mean Cs-137 Standard

Local Soil (n) deposition(Bgq m?) ground Deviation

deposition
(Bg m?)

Fukushima 3 1.4x1(-2.2x1C¢ 1.2x10 4.7x16
Namie 16 5.9x10- 7.2x10 2.0x1¢ 1.5x10
Okuma 3 6.0x1(-5.9x10 2.8x10¢ 2.7x10¢

(B) Method 1.: Range of Mean Cs-137 Standard
Local Soil (n) Cs137 ground ground Deviation
Log-transformed datz deposition deposition
Log (Bgm?) | Log(Bgm?)
Fukushima 3 5.1-5.3 5.2 0.11
Namie 16 5.8-6.8 6.2 0.26
Okuma 3 5.7-6.7 6.3 0.49
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Method 2

MEXT database soil samples were paired with all boar trap site locatiwre soil samples
had been taken for method 1. All Cs-137 soil concentration measurenoemthé MEXT
database are provided in Appendix D. Eaefisiaverage Cs-137 soil depositioiBg m? fresh
weight) and standard deviation are shown in Table 8. A boxplot obtheasnples at each
location is provided in Figure 16. The low€s137 ground deposition was found in Okuma
(73000 Bg r? dry weight). ANOVA testing revealed significance between Cs-137

concentrations and the location of the soil sar(pte 0.038).

Database Cs-137 concentration in soil at each site
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Figure 16: Cs-137 concentration values from soil (Bq n7?) and the respective location.
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Table 8A and 8B: (A) Cs-137 concentration (Bq m?) ranges in soil samples from the Japanese

government database with means and standard deviations; where n = number of samples.
(B) Log transformed data mean and standard deviations at each sample site.

(A) Method 2: Range ofCs 137 Mean Cs-137 Standard
Map Database Soi (n) ground deposition ground Deviation
(Bg m?) deposition
(Bg m?)

Fukushima 3 9.9x1(3-2.2x10 2.5x10¢ 1.3x10
Namie 16 2.3x10-4.5x10 2.1x16¢ 1.2x16
Okuma 3 7.3x10-2.8x10 9.8x1C 1.6x10
(B) Method 2: RangeCs137 | Mean Cs-137| Standard

Map Database Soll (n) ground ground Deviation

Log-transformed Datg deposition deposition
Log (Bgm?®) | Log (Bgm?)
Fukushima 3 5.0-5.5 5.3 0.30
Namie 16 5.4-6.6 6.2 0.32
Okuma 3 4.8-6.4 5.4 0.91

Comparing Method 1 and Method 2 soil Cs-137 concentrations

TheCs137 concentration comparisons revealed that there was a significantearia
betweereach method’s measured soil samples. The ranges were 63001808x10 Bg m? and

7.3x10to 2.8x10Bq m?, for Methods 1 and 2 respectively.

If the samples collected from Okuma are omitted from the anatlysisthere is no
significant difference between Methods 1 ard<2137 ground deposition (after log
transformation to satisfy normality). A paired t-test betweethbtis 1 and 2 had a high p value
(p = 0.4599) indicating there is no statistically significant differenteden the means for the
two methods. Due to skewed data and unequal variance, the 95% lingteehant were found
performing a Bland Altman’s analysis on the log transformed data. The 95% limits of agreement

were -1.07 and 0.902. After back-transforming the limits of agreement, the losvapper
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bounds are 0.34 and 2.46. Thus, 95% of the MEXT database soil samples differ from the
corresponding Method @©s137 ground deposition measurertee MEXT database values for

soil concentration varied from 70% below to 250% above the corresponding methudlue.

A graph of the limits after logarithmic transformation is provide#igure 17.

Difference vs. Mean Plot
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Figure 17: Data after log transformation. The difference was cal culated by subtracting Method 2
(database soil samples) Cs-137 concentrations from Method 1 Cs-137 concentration values. The

average was calculated by using the formula; 2202 1+Method 2 tha graph uses ground
deposition (Bg nr?) data only.

Aggregated Transfer Factors (Tag)

Tag average at each location

Method 1Tag values used the Cs-137 concentration measurements found in the soigdollect
in the homerange of the wild boar. Method g values used the Cs-137 concentrations in the
soil provided by the database. Forty-six wild boar were captured at locatiores Mérod 1

soil samples were obtained. Several wild boars are associatethevgame soil samples due to
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being captured in the same location. Thus, nag@alues can be calculated from the twenty-

one soil sample sites. The high&sgcalculated ratio was from using the database soil samples in
Okuma. The boar in the Okuma area have a higher Cs-137 concentratioret@anliBi7 ground
deposition, thus a higher ratio would be expected. A table of averages eanthstandard
deviations from each method is provided in Table 9. A boxplot ofdfrealues is provided in

Figure 18. AllTagvalues were calculated using Equation 1.1. Thevalues were then re-

calculated using the correction factor (D.W/F.W) on all boar mussadisamples (Table 10).

Aggregated Transfer Factors at each Location of Boar Aggregated Transfer Factors at each Location of Boar

Mpgregabed Transks
1,010 0020
Mpgregabed Transks

Mathod 2 Agy

Matthod 1: Agy

Filkushima Maemien Oikuma Filkushima Maemien Oikuma

Location Location

Figure 18: Aggregated transfer factors at each location for Method 1 (left). Method 1 utilized
site-specific soil samples. A box plot of concentrations and the location for Method 2 (right).
Method 2 utilized soil samples froma MEXT database.
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Table 9: The means of the calculated aggregated transfer factors (m? kg D.W) at each location
for wild boar with mean and standard deviation values. Several wild boar are associated with
the same soil sample.

() Method 1: Using Local Soll Method 2: Using Database Soil
Tag range Mean | Standard| Tagrange | Mean | Standard
Tag Deviation Tag Deviation
(mPkg (mPkg
Location D.W) D.W)
Fukushima| 13 | 0.0014-0.012| 0.0059 0.0079 0.0009-0.033 0.0063 0.011
City
Namie 24 | 0.0003-0.1985 0.0060 0.0053 0.0005- 0.0049 0.004
0.0134
Okuma 9 0.001-0.204 | 0.0056 0.0057 0.007-0.3197| 0.135 0.133

Table 10: The means of the re-calculated aggregated transfer factors (n?kg*F. W) at each
location for wild boar. Measurements of Cs-137 concentration in dry weight samples were
converted using the (D.W/F.W) conversion ratio.

Location MeanTag MeanTag
Method 1 | (m?kg?F.W) | (m*kg*F.W)
Fukushima
City 0.0017 0.0013
Namie 0.0015 0.0017
Okuma 0.0037 0.03
(Total 0.01
Meal) 0.0023 0.0014*

* Okuma was removed from the mean calculation

Satistical analysis comparing Tagrand Tag2

Okuma was excluded from the statistical analysis because ofiteurate representation of

the Cs-137 concentration in soil, in the wileshr’s home range. Measurements of wild boar

muscle tissue show a high@s-137 concentration than the Cs-137 ground deposition in Okuma

samples, thus there would be a lafggvalue for Okuma wild boar. The sample of soil might

have been taken near a road or within the city, which does not repteseiititboar’s habitat.
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Thus, only Namie and Fukushima City were used to compare each methodiofydée Tag

andTag values. .

A paired t-test was used to compare each sampling method in dafptheTag values in
Namie and Fukushima City on log transformed data. Data were log traesfoo satisfy the
assumption of normality. There was a significant difference betvireméans ofag andTag
between Namie and Fukushima City50.0001). The Bland Altman statistical analysis of the
log-transformed data found that the lower and upper bounds of tite dihagreement are -0.42
and 0.335, respectively. Taking the inverse of these transformed linutts i@esnew bounds of
0.65 and 2.5. For 95% of cases, Thg value differs fromTlag values from 35% below to 250%

above. A graph of the limits of agreement is provided in Figure 19.

Difference vs. Mean Plot
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Figure 19: Data after log transformation. The differ ence was cal culated by subtracting Method 2
Tag values from Method 1 Tag values. The average of Tag values from both Methods 1 and 2 was
found and plotted. The graph uses Tag values.
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Due to the lack of agreement betwéag andTag, method 1 and method 2 soil concentrations
were compared directly to the Cs-137 levels in the boar muscle tiisdatermine the better

estimator ofCs-137 levels in the boar.

Method 1 (Tag1) of predicting wild boar contamination level using soil concentration from local
soil samples vs. Method 2 (Tag2) of predicting wild boar contamination level using soil

concentration values from database samples

There is a higher correlation between the measurements fromiltbelected at the site and
the Cs-137 activity (Bég?) in the wild boar muscle tissue than using database soil
measurements. A highe?®Ras found in Method 1 than Method 2. AddRabout 0.49 and of
about 0.10 was found for Methods 1 (Figure 20) and 2 (Figure 21), respectively. Okdma w

boar samples were included in the graphs.

Cs-137 concentration in wild boar muscle vs
Method 1: using local soil concentrations
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Figure 20: Concentration of Cs-137 (Bq kg?) in wild boar muscle versus the collected soil
samples (Bq n?). Aregression line is graphed with the respective R? value.
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Cs137 concentration in wild boar tissue vs Methoc

g 2: using map soil concentraions
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Figure 21: Concentration of Cs-137 (Bq kg*) in wild boar muscle versus the database soil
samples (Bg nr?). Aregression line is graphed with the respective R? value.
Method 1 better predicts the Cs-137 concentrationk@ in wild boar.
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DISCUSSION

Lower Cs-137 concentrations were expected in wild boar tissues inkbshtma City
sampling site due to the lower soil contamination. Lower Cs-137 grounditt@poss also
expected in Fukushima City sampling site. Higher concentrations of Cist 88ld boar tissues
were expected in Namie and Okuma sampling as they were directlyptuthe of the released
radioactive material. Areas in Namie and Okuma are in theepsaaf being decontaminated.
Lower concentrations are seen in wild boar tissues in decontaminagsq enplying that the

decontamination efforts are influencing the bioavailability ofoeesium.

Okuma excluded from Statistical Analysis

Okuma was excluded from the statistical analysis because oft®irate representation of
the Cs-137 ground deposition in the wilohr’s home range. The database provided sample
might have been taken near a decontaminated road outside thef#mgeitial plume. An
example MEXT soil location is shown in Figure 22. Thus, utilizing the dataBa-137 ground

deposition values coulde a significant source of uncertainty.
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‘Okuma

S YT

ma’

Figure 22: MEXT soil sample (Bg nr?) taken next to a major highway (Yellow line) in
Okuma. The sample was taken in October 2015 and had a soil concentration of 73000 Bq m2.
Map used with permission from the Geospatial Information Authority of Japan. Information
regarding copyright approval can be found in Appendix H.

Which technique of calculating Tag values wer e better ?

Using soil within the home-range of the wild boar will give a better agtgedeansfer
factor for estimating the contamination level in a wild boar. Methsdbktter in predicting the
Cs-137 concentration (Bkg™) in wild boar tissues. Each soil sample was collected in the home
range of the wild boar, reducing the error from changes in soil concentizdia@sult from
using radiocesium concentrations obtained further away, whicht miginepresent local
concentrations of radiocesium. The MEXT soil sample can save tifod, and cost. However,
using map-collected soil sample information can increase unagrt®ethod 2 utilized the
MEXT database radiocesium concentrations, and it had a largerainigeim predicting the
animal’s muscle tissue Cs-137 concentration. If the database radiocesium concentration sample
must be used for an estimate ofaaimal’s contamination level, then a better method for

determining a more representative soil sample should be usetkakgrie, a new hunter’s grid
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could be characterized to represent the wild boar’s home range. The wild boar spend most of
their time living in the forests and scavenging in the evacuated @euling et al, 2009). Thus,
the hunter grid should include neighboring forests when the teafs sitithin city limits. The
newly formatted grid will pair more appropriate MEXT soil samples tieghwild boar home

range.
Comparing Results

In 2011, the wild boar aggregated transfer factor was calculated toi€@®r8?kg?* (F.W)
for Fukushima Prefecture (Tagami et al. 2016). In 2@i%Jue of 3.¥10° n?kg? (F.W) was
found in Fukushima Prefecture boar (Tagami et al. 2016). Method 1 from #esaledound a
meanTag value 1.%103m? kg (F.W), 1.5x103m?kg? (F.W), and 3.%103m?kg* (F.W) in

Fukushima City, Namie and Okuma, respectively.

The mearTag values calculated in the Fukushima prefecture for wild boar wex@ @&
kg!(F.W) and 1.410°m?kg? (F.W), for Method 1 and Method 2, respectively. The decrease of
Tag values from 2015 studies to 2016 studies is expected and suggests that radiscesium
becoming less bioavailable in the environments. The I@agralues in this study might also

indicate that decontamination efforts are working.

The aggregated transfer factor from Method 1 could be different tharo&tdue to soll
sampling methods and the use of the government database radionuclide gpmsitibde Wild
boar may be exposed to more radiocesium based on their activitiggiobdn soil and eating
roots, possibly contributing to the difference in the reported valués (Tanoi et al 2016). The
smaller aggregated transfer factor could have been caused by not @pbestithsample core

and just collecting the surface layer of soil. Cesium migrates deeper wiltbees time. Thus,
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the sampling method utilized by MEXT may not reflect the full bioavdilglof Cs-137 to the
wild boar. It is unclear how MEXT collects the soil samples. piassible only the surface layer
of soil is collected. Method 1 in this study uses a nine-centiroete to collect soil samples,
which captures the cesium mobility over the past five years.dsedeuncertainty from Method

1 might be caused by the radiocesium that has migrated deeper thamtimetees.

Method 1 also extrapolates the mean value of surface contamiaatmss the whole home-
range of the wild boar using the mean of three soil samples akoeation. A superior method
would be to take multiple soil samples from an area of Atmultiple locations in the boar
home-range. The new method might reduce uncertainty in the meastseme better represent

the soil values used for the aggregated transfer factors.
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CONCLUSION

Aggregated Transfer Factork¢§) values, in this specific study, varied by orders of
magnitude because of the natural variation in contaminant lievedsls and in animals. The use
of thehunter’s grid to pair soil concentration values to each wild boar created vayiabiTags,
especially in Okumarlag values are commonly used in spite of the variability becausetbey
pragmatic and save the expense of capturing animals and perf@slr8y analyses on each

animal.

The purpose of this study was to ascertain if the use of the database rachicums
concentration values is of sufficient granularity to provide a ligsfimate of Cs-137
concentrations in wild boar muscle tissue. The map database soil sampase the
uncertainty in calculating thBgvaluesMore Tag values should be derived from Method 1 and

compared to Method 2 derivddg values to further characterize the uncertainty.

Both methods used in this study for calculaflag andTag values have their sources of
uncertainty, however, collecting soil samples in the home-rande didar have reduced
uncertainty. Estimating the contamination level in the wild boar magdre accurate if the soil
sample measurements accurately represent the home range of tHe Hmendatabase soll
samplesTag1) tended to be collected near decontaminated zones, roads, and other areas where

Cs-137 would not accumulate or would have been removed.

The two methods did not agree and should not be used interchangealdiff@reace in the
two method resultsTeq andTag2) could have been due to the high variability in the databzke s
samples. Other factors that could contribute to method 1 variabilitd be the small number of

soil samples, mobility of Cs-137, and lack of information regarding tin@léag process for the
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database soil measurements. More information regarding how the gowenuthected their soil

samples is needed to better test their methodology for calculatinglues.

The locations where the boar were captured influenced the Cs-137 aattomun the
muscle tissues. The relatively high activity concentrations of Cs-137l iargbwild boar in
Okuma suggest that there is still a significant source of bi@dlairadiocesium near FDNPP.
Lower activity concentrations in Namie and Fukushima City suggastiecontamination
efforts have helped reduce the sources of radiocesium. Wild boar living iddke FDNPP
have higher activity concentrations than boar living further away. Othatidas should &

investigated to see @&similar trend exists.

Fukushima City, Namie and Okuma did not have a significant differermoeamns ofTag
values. Thus, the bioaccumulation of Cs-137 in the wild boar is simiessaall three study

sites.

Radiocesium is expected to continue to decline in wild boar ecosysiigsrto the
radionuclidés physical decay, and as the Japanese government continues to decontaminate the
prefecture Tagvalues will become smaller as the radionuclides become less latdeao the

anmals in the ecosystem.

Conclusively, the main hypothesis of the stuttiie Tag values derived from database radio
cesium deposition values are not significantly different fidgvalues derived from soll
samples within the home range of the wild foaras not correcfTag values derived from

database Cs-137 deposition values are significantly differentTegmalues.
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Limiting factors of the study

A small sample size of wild boar limited the investigation intades influencing Cs-137

accumulation due to location, sex, and age.

The most significant factor impacting the Cs-137 concentration in wad is the location
where it is captured. The variability of Cs-137 in soil might infeesthe high variability of
measurements, which is also dependent on the location. Method leémoid\2 had twenty-one
sample locations, thus a larger sample size might be requiredherftest the agreement
between each method. Sampling Methods 1 and 2 should be further invesagatsdre soil

samping consistency.

Future Studies

The concentration ratio (CR) is another tool utilized to quickly assessutkentination level
in the environment. Similar to a transfer aggregated factor, the CR can be saed timne,
money, and obviates animal sampling to calculate the accumutditiadiocesium in an animal.
For CR’s in terrestrial biota, the calculation requires the activity concentration of a radionuclide
in the whole-body organism and the activity concentration of amadiide in soil. The CR is
the ratio of Cs-137 in muscle tissue (Bg'kgver the concentration of Cs-137 in soil (Bgtkg
The CR can then be compared to Thgvalues to determine if the approaches are similar and

CR’s can be applied to the Fukushima situation.
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APPENDIX A: IACUC APPROVAL

[ niversity

Aeswarch Infegrity & Compliance Review Offico
Dffice of Vics Pregicent for Research
8 Linkseruity SEnices Canes

2011 Camgnn Delivery

For Conllenk, Cobe s 05132012
THL: (O70) 4RE-1540

FAx: [Ty 4312253

it bera rmiear s hobolontite rdu

To: Donovan Anderson

Fram: Research Integrity and Compliance Review Office (RICRO)

Date: Movember 11, 2015

RE: IACUC Exemption of “A Comparison of Methods to Derive Concentration Ratios: Tested Using

Wild Boar Data from the Fukushima Prefecture”

This is to inform you that your IACUC Exemption request for "A Comparison of Methods to Derive
Concentration Ratios: Tested Using Wild Boar Data from the Fukushima Prefecture” has been reviewed by
RICRO and the Attending Veterinarian [or his delegate), and is exempt from IACUC oversight. Therefore, an
LACUC protocol does not need to be submitted for these activities.

if there are any changes to this project, please submit changes via the IACUC Exemption Form to ensure that
this exemption is still valid prior to implementation

Thank you for your diligence in the care and use of animals at CSU. Good luck with your project,
Sincerely,

Research Integrity and Compliance Review Office (RICRO)

Ce: Terry Engle, PhD, IACUC Chair
Lon Kendall, DV, PhD, Attending Veterinarian
Karen Dobos, PhD, Associate Director, RICRD
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APPENDIX B: GAMMA-SPEC ANALYSIS

All samples were measured for Cs-137 at the Institute of EnvironmentiaiaRawdity in

Fukushima, Japan.

Gamma spec analysis L ocation: | nstitute of Environmental Radioactivity

The Institute of Environmental Radioactivity (IER) was estabtishre July 1st in 2013 at
Fukushima University. The proximity of IER to the Evacuation zones antutherous
international faculty at IER provide unique opportunities to condud-6eknted
radioecological research. The IER was funding with a grant for promaingnal university
reform of the Ministry of Education, Culture, Sports, Science and Technoldg¥XT\M Much of
the current research at IER focuses on the migration and behavior of radioacthe
environment, primarily monitoring long-term processes of radionuclidefees and

accumulation in forest and aquatic ecosystems.

Radiation Measuring Devices

There are many methods to measuring radiation. Some methods are more exgersile,
accurate, and other factors that influence the reading. Professionalsasserdetf many kinds
to measure specific radiation types. Gas-filled detectors, gas-flowntimal counters, portable
surveys, Geiger-Muller counters, semiconductors and other instrumentscate osEasure
certain types of radiation. The semiconductor detector measures thetifeitdent charge
particles or photons from ionizing radiation. A high-purity germanium datech type of
semiconductor utilized in the study. The semiconductor is manufactoradiftra-pure

germanium crystal, which increases detection efficiency. The deteatsed for a wide variety
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of tasks. The instrument can be used for gamma spectroscopy, whiched teeteasure Cs-

137 (Knoll 2010).
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APPENDIX C: SOURCE OF RADIATION AND BACKGROUND DOSES

Natural sources of radiation have always existed on earth. Mo# ddfation that a human
is exposed to is from natural sources. However, humans have aneat@hd radioactive
elements that have not previously existed on Earth. Anthropogamimesoof background
radiation also cause exposure to humanity (United States EnvironmenggfiBroAgency,

2007).

Natural Radiation Sour ces

Natural background radiation comes from cosmic radiation, terrastdialtion, and internal
radiation. Cosmic radiation is a constant stream of exposure tanBuroan space. Terrestrial
radiation comes from the Earth itself. Sources of terrestrial radiah Earth come from
radioactive elements like thorium and uranium. Dissolved uranium and thcainime found in
water and can be ingested by animals or taken up by plant roots. A person’s dose from cosmic
and terrestrial radiation will vary based on their location. All pgogihce birth, contain a small

amount of radioactive material called internal radiation (NRC, 2014).

Anthropogenic Radiation Sources

Another source of background radiation comes from man-made sourcesaféarany
possible sources of exposure from man-made items that contairctagigsotopes. The largest
source of radiation in this category come from medical souf¢espublic are also exposed to
radiation from uranium mining, uranium milling, the transportation of radioactiverralst and
the global fallout from nuclear weapons testing, however these arle$ser degree. The largest
contribution of radiation into the environment is from accidental redddsethe Chernobyl and

Fukushima accident. A person’s dose will vary based on their activity and location. People who
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work at power plants, nuclear research institutes and other enviraooethining radioactive

material, generally have a higher than background exposure (NRC, 2014).

Effects of radiation on humans

Ionizing radiation effects on humans are characterized by the damage to DNA, a person’s
genetic information, done by emitted particles of energy from ungtaditgpes. All forms of
radiation, x- ang-rays, absorbed in biologic material, have a probability of inteigaetith parts
of the cell. The interaction can cause a trigger events that leadzationiof atoms and
biological change. The amount of damage and health effects caused toraffmrsionizing
radiation is directly related to dose. Absorbed dose is a physicditgubat is a measure of the
energy absorbed per unit mass of tissue. Different types of dose do not migqasshice equal
biological change. An equivalent dose is a quantity of dose represbetlth effects at low
levels. An annual dose of 10 mSv or below is considered a low doseatifaiad The average
background dose is 6.2 mSv a year (NCRP 160). Low doses of radiation to Hackans

observable symptoms, but may trigger development of a cancer celé{ldalr012).

Potential sourcefrom wild boar meat

A potential source of radiocesium exposure to humans is the consaraptild boar meat
and other foods in the affected area of Fukushima. The sale of wikel gi@imal meat, food
plants from forests, and fungi have been banned from zones whichaméaenmated by the
fallout. Consumption by humans of food items exceeding the 10@Bdapanese standard limit

for total radiocesium is restricted (Tagami et al. 2016).
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FUKUSHIMA CITY

APPENDIX D: SOIL DATA

Note: All samples were measured for Cs-134 at the IER, but the only the Cs-137 dasadvasthe analysis anthg

calculations.
Saoll Cs134 (Bg/kg) Cs 137 (Bag/kg) err/Activity Dry o Cs134 Cs137
. N weight(g) Live time (s)

Date ID Activity Act. err  Activity Act. err Cs134 Cs137 Bqg Bqg

160720 1A 2.18E+01 6.80E-01 1.28E+02 1.87E+00 3.1 15 90.2 36000 1.97E+00 1.16E+01

160720 1B 3.00E+01 1.07E+00 1.78E+02 3.15E+00 3.6 1.8 71.1 18000 2.13E+00 1.26E+01

160720 1C 3.62E+02 3.14E+00 2.12E+03 1.05E+01 0.9 0.5 90.1 18000 3.26E+01 1.91E+02
Total Activity (Bq) 3.67E+01 2.15E+02
Total Activity (Bg/nv) 1.87E+04 1.10E+05

160720 2A 6.71E+01 9.79E-01 3.87E+02 3.14E+00 1.5 0.8 93.6 36000 6.28E+00 3.63E+01

160720 2B 1.34E+02 1.93E+00 8.12E+02 6.55E+00 1.4 0.8 95.4 18000 1.28E+01 7.75E+01

160720 2C 1.01E+03 5.29E+00 5.94E+03 1.82E+01 0.5 0.3 76.0 18000 7.67E+01 4.51E+02

Total Activity (BQq)

Total Activity (Bg/nv)

9.57E+01 5.65E+02

4.88E+04 2.88E+05
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160720 3A 1.09E+02 2.12E+00 6.35E+02 6.58E+00 1.9 1.0 74.3 15800 8.11E+00 4.72E+01
160720 3B 8.24E+01 1.62E+00 4.89E+02 5.21E+00 2.0 11 84.5 18000 6.96E+00 4.14E+01
160720 3C 8.47E+02 4.77E+00 4.96E+03 1.63E+01 0.6 0.3 90.0 18000 7.62E+01 4.46E+02
Total Activity (Bq) 9.13E+01 5.35E+02
Total Activity (Bg/nv) 4.65E+04 2.72E+05
160617-2 1A 3.86E+01 1.13E+00 2.27E+02 3.50E+00 2.9 15 52.6 24000 2.03E+00 1.19E+01
160617-2 1B 1.75E+02 2.46E+00 1.03E+03 8.35E+00 1.4 0.8 60.0 18000 1.05E+01 6.20E+01
160617-2 1C 3.69E+02 3.42E+00 2.16E+03 1.16E+01 0.9 0.5 67.6 18000 2.49E+01 1.46E+02
Total Activity (Bq) 3.75E+01 2.20E+02
Total Activity (Bg/n?) 1.91E+04 1.12E+05
160617-2 2A 4.25E+02 3.40E+00 2.54E+03 1.15E+01 0.8 0.5 59.3 24000 2.52E+01 1.51E+02
160617-2 2B 4.08E+02 3.45E+00 2.41E+03 1.16E+01 0.8 0.5 74.9 18000 3.05E+01 1.81E+02
160617-2 2C 3.77E+02 3.69E+00 2.24E+03 1.26E+01 1.0 0.6 53.1 18000 2.00E+01 1.19E+02
Total Activity (Bq) 7.58E+01 4.50E+02
Total Activity (Bg/nv) 3.86E+04 2.29E+05
160617-2 3A 2.66E+01 9.99E-01 1.60E+02 2.97E+00 3.8 1.9 59.1 24000 1.57E+00 9.45E+00
160617-2 3B 3.55E+01 1.24E+00 2.10E+02 3.86E+00 3.5 1.8 60.7 18000 2.15E+00 1.27E+01
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160617-2 3C 3.93E+02 3.89E+00 2.31E+03 1.33E+01 1.0 0.6 55.7 18000 2.19E+01 1.28E+02
Total Activity (Bq) 2.56E+01 1.51E+02
Total Activity (Bg/m2) 1.31E+04 7.67E+04
160801-3 1A 4.16E+01 1.16E+00 2.62E+02 3.70E+00 2.8 1.4 60.0 24000 2.50E+00 1.57E+01
160801-3 1B 6.88E+01 1.82E+00 4.07E+02 5.86E+00 2.6 1.4 49.3 18000 3.39E+00 2.01E+01
160801-3 1C  4.45E+02 3.80E+00 2.58E+03 1.29E+01 0.9 0.5 61.5 18000 2.74E+01 1.59E+02
Total Activity (Bq) 3.33E+01 1.95E+02
Total Activity (Bg/n¥) 1.69E+04 9.92E+04
160801-3 2A 4.05E+00 4.67E-01 2.37E+01 1.09E+00 11.5 4.6 77.5 24000 3.14E-01 1.84E+00
160801-3 2B 1.53E+01 8.03E+00 1.05E+02 2.59E+00 52.5 25 73.2 18000 1.12E+00 7.66E+00
160801-3 2C 5.06E+02 4.81E+00 3.02E+03 1.64E+01 1.0 0.5 41.4 18000 2.09E+01 1.25E+02
Total Activity (Bq) 2.24E+01 1.34E+02
Total Activity (Bg/nv) 1.14E+04 6.84E+04
160801-3 3A 1.30E+01 6.63E-01 8.52E+02 2.00E+00 51 0.2 72.8 24000 9.45E-01 6.20E+01
160801-3 3B 2.55E+02 2.62E+00 1.49E+03 8.82E+00 1.0 0.6 90.9 18000 2.32E+01 1.35E+02
160801-3 3C 9.59E+02 5.84E+00 5.68E+03 2.02E+01 0.6 04 55.7 18000 5.34E+01 3.16E+02
Total Activity (Bq) 7.76E+01 5.13E+02
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Total Activity (Bg/n?) 3.95E+04 2.61E+05
NAMIE
Soil Cs134 (Bg/kg) Cs137 (Bg/kg) err/Activity Dry o Cs134 Cs137
N N weight(g) Live time (s)

Date ID Activity Act. err  Activity Act. err Csl134 Cs137 Bg Bqg
160621-1 1A 1.77E+02 3.12E+00 9.25E+02 9.03E+00 1.8 1.0 41.5 18000 7.36E+00 3.84E+01
160621-1 1B 3.27E+02 6.50E+00 1.97E+03 2.18E+01 2.0 1.1 69.9 4460 2.29E+01 1.38E+02
160621-1 1C 1.72E+03 1.65E+01 1.01E+04 5.77E+01 1.0 0.6 57.7 3600 9.91E+01 5.85E+02

Total Activity (Bq) 1.29E+02 7.61E+02
Total Activity (Bg/n) 6.58E+04 3.87E+05
160621-1 2A 2.35E+03 8.99E+00 1.21E+04 2.75E+01 0.4 0.2 58.9 18000 1.39E+02 7.13E+02
160621-1 2B 3.87E+03 2.29E+01 2.27E+04 7.85E+01 0.6 0.3 41.7 5400 1.61E+02 9.45E+02
160621-1 2C 2.68E+03 2.15E+01 1.58E+04 7.41E+01 0.8 0.5 56.1 3600 1.50E+02 8.89E+02
Total Activity (Bq) 4.50E+02 2.55E+03
Total Activity (Bg/nv) 2.29E+05 1.30E+06
160621-1 3A 8.49E+02 5.44E+00 4.34E+03 1.63E+01 0.6 04 51.9 18000 4.40E+01 2.25E+02
160621-1 3B 1.53E+03 1.19E+01 9.18E+03 4.12E+01 0.8 0.4 72.1 5400 1.10E+02 6.62E+02
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160621-1 3C 3.06E+03 2.26E+01 1.85E+04 8.02E+01 0.7 0.4 48.8 3600 1.49E+02 9.02E+02
Total Activity (Bq) 3.04E+02 1.79E+03
Total Activity (Bg/n?) 1.55E+05 9.11E+05
160621-2 1A 7.28E+02 5.13E+00 3.70E+03 1.53E+01 0.7 0.4 56.0 18000 4.07E+01 2.07E+02
160621-2 1B 5.16E+03 2.38E+01 3.01E+04 8.10E+01 0.5 0.3 55.7 5400 2.87E+02 1.68E+03
160621-2 1C 2.11E+04 7.16E+01 1.24E+05 2.51E+02 0.3 0.2 354 3600 7.47E+02 4.39E+03
Total Activity (Bq) 1.07E+03 6.27E+03
Total Activity (Bg/nv) 5.47E+05 3.20E+06
160621-2 2A 9.20E+02 5.20E+00 4.86E+03 1.59E+01 0.6 0.3 72.5 18000 6.67E+01 3.52E+02
160621-2 2B 3.70E+03 1.93E+01 2.19E+04 6.65E+01 0.5 0.3 66.2 5400 2.45E+02 1.45E+03
160621-2 2C 1.17E+04 4.87E+01 6.94E+04 1.70E+02 0.4 0.2 41.0 3600 4.81E+02 2.85E+03
Total Activity (Bq) 7.93E+02 4.65E+03
Total Activity (Bg/nv) 4.04E+05 2.37E+06
160621-2 3A 4.83E+03 1.66E+01 2.47E+04 5.04E+01 0.3 0.2 32.8 18000 1.58E+02 8.09E+02
160621-2 3B 9.37E+03 3.98E+01 5.48E+04 1.37E+02 0.4 0.2 40.6 5400 3.80E+02 2.23E+03
160621-2 3C  1.27E+04 6.07E+01 7.42E+04 2.12E+02 0.5 0.3 29.4 3600 3.73E+02 2.18E+03
Total Activity (Bq) 9.12E+02 5.22E+03
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Total Activity (Bg/n?)

4.64E+05 2.66E+06

160729-1 1A 2.86E+03 1.01E+01 1.49E+04 3.09E+01 0.4 0.2 56.8 18000 1.63E+02 8.45E+02
160729-1 1B 2.80E+03 1.67E+01 1.65E+04 5.74E+01 0.6 0.3 66.9 5400 1.87E+02 1.10E+03
160729-1 1C 9.49E+03 4.35E+01 5.64E+04 1.53E+02 0.5 0.3 42.0 3600 3.99E+02 2.37E+03
Total Activity (Bq) 7.49E+02 4.32E+03
Total Activity (Bg/nv) 3.81E+05 2.20E+06
160729-1 2A 2.14E+02 2.71E+00 1.12E+03 8.05E+00 1.3 0.7 66.4 18000 1.42E+01 7.42E+01
160729-1 2B 2.41E+03 1.59E+01 1.43E+04 5.46E+01 0.7 0.4 64.5 5400 1.55E+02 9.20E+02
160729-1 2C 5.25E+03 2.78E+01 3.07E+04 9.71E+01 0.5 0.3 67.7 3600 3.55E+02 2.08E+03
Total Activity (Bq) 5.25E+02 3.07E+03
Total Activity (Bg/nv) 2.67E+05 1.56E+06
160729-1 3A 1.07E+03 6.23E+00 5.51E+03 1.88E+01 0.6 0.3 51.2 18000 5.45E+01 2.82E+02
160729-1 3B 2.80E+03 1.67E+01 1.65E+04 5.74E+01 0.6 0.3 69.9 5400 1.96E+02 1.15E+03
160729-1 3C 4.66E+03 2.85E+01 2.80E+04 1.01E+02 0.6 04 48.2 3600 2.24E+02 1.35E+03
Total Activity (Bq) 4. 75E+02 2.78E+03
Total Activity (Bg/n?) 2.42E+05 1.42E+06
160603 1A 1.14E+02 2.41E+00 6.96E+02 7.38E+00 21 1.1 50.1 18000 5.71E+00 3.49E+01
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160603 1B 4.25E+02 8.73E+00 2.82E+03 2.99E+01 21 1.1 42.7 5400 1.82E+01 1.20E+02
160603 1C 7.18E+03 5.62E+01 4.69E+04 2.06E+02 0.8 04 19.1 3600 1.37E+02 8.96E+02
Total Activity (Bq) 1.61E+02 1.05E+03
Total Activity (Bg/nv) 8.20E+04 5.35E+05
160603 2A 1.87E+03 8.88E+00 1.06E+04 2.85E+01 0.5 0.3 49.8 18000 9.29E+01 5.29E+02
160603 2B 9.47E+02 1.25E+01 6.38E+03 4.53E+01 1.3 0.7 39.8 5400 3.77E+01 2.54E+02
160603 2C 2.46E+04 9.96E+01 1.63E+05 3.70E+02 0.4 0.2 19.8 3600 4.88E+02 3.23E+03
Total Activity (Bq) 6.18E+02 4.01E+03
Total Activity (Bg/nv) 3.15E+05 2.04E+06
160603 3A 5.56E+02 4.89E+00 3.45E+03 1.60E+01 0.9 0.5 50.7 18000 2.82E+01 1.75E+02
160603 3B 3.33E+02 6.88E+00 2.18E+03 2.42E+01 21 1.1 49.4 5400 1.65E+01 1.08E+02
160603 3C  9.11E+03 5.41E+01 5.98E+04 2.00E+02 0.6 0.3 25.3 3600 2.31E+02 1.51E+03
Total Activity (Bq) 2.75E+02 1.80E+03
Total Activity (Bg/n?) 1.40E+05 9.14E+05
160422 1A 8.36E+01 1.48E+00 4.41E+02 4.36E+00 1.8 1.0 103.0 18000 8.61E+00 4.55E+01
160422 1B 1.98E+02 4.06E+00 1.17E+03 1.34E+01 21 1.1 89.1 5400 1.76E+01 1.04E+02
160422 1C 1.47E+03 1.29E+01 8.80E+03 4.55E+01 0.9 0.5 90.5 3600 1.33E+02 7.97E+02
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Total Activity (Bq)

Total Activity (Bg/nv)

1.59E+02 9.46E+02

8.10E+04 4.82E+05

160422 2A 1.52E+03 5.84E+00 7.93E+03 1.80E+01 04 0.2 107.0 18000 1.62E+02 8.49E+02
160422 2B 7.70E+03 2.49E+01 4.53E+04 8.54E+01 0.3 0.2 85.7 5400 6.60E+02 3.88E+03
160422 2C 1.18E+04 3.94E+01 7.03E+04 1.39E+02 0.3 0.2 70.0 3600 8.28E+02 4.92E+03
Total Activity (Bq) 1.65E+03 9.65E+03
Total Activity (Bg/n) 8.41E+05 4.91E+06
160422 3A 7.98E+02 4.68E+00 4.13E+03 1.42E+01 0.6 0.3 79.5 18000 6.34E+01 3.28E+02
160422 3B 1.11E+03 1.03E+01 6.65E+03 3.53E+01 0.9 0.5 67.1 5400 7.42E+01 4.46E+02
160422 3C 5.98E+03 2.81E+01 3.56E+04 9.87E+01 0.5 0.3 69.9 3600 4.18E+02 2.49E+03
Total Activity (Bq) 5.55E+02 3.27E+03
Total Activity (Bg/n?) 2.83E+05 1.66E+06
160610-2 1A 9.10E+02 4.95E+00 5.13E+03 1.57E+01 0.5 0.3 78.9 18000 7.18E+01 4.05E+02
160610-2 1B 6.89E+02 7.49E+00 4.33E+03 2.62E+01 1.1 0.6 94.8 5400 6.53E+01 4.10E+02
160610-2 1C 1.01E+03 1.14E+01 6.50E+03 4.15E+01 1.1 0.6 81.2 3600 8.16E+01 5.27E+02

Total Activity (BQq)

Total Activity (Bg/nv)

2.19E+02 1.34E+03

1.11E+05 6.84E+05
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160610-2 2A-1 9.39E+02 4.89E+00 5.30E+03 1.55E+01 0.5 0.3 98.4 18000 9.24E+01 5.21E+02
160610-2 2A-2 9.97E+02 8.09E+00 5.57E+03 2.49E+01 0.8 04 23.9 18000 2.38E+01 1.33E+02
160610-2 2B 1.12E+03 1.04E+01 7.28E+03 3.71E+01 0.9 0.5 66.2 5400 7.43E+01 4.82E+02
160610-2 2C 1.28E+03 1.24E+01 8.14E+03 4.49E+01 1.0 0.6 97.2 3600 1.24E+02 7.92E+02
Total Activity (Bq) 3.15E+02 1.93E+03
Total Activity (Bg/n?) 1.60E+05 9.82E+05
160610-2 3A 1.07E+02 2.02E+00 6.07E+02 5.99E+00 1.9 1.0 65.1 18000 6.95E+00 3.95E+01
160610-2 3B 2.46E+02 6.43E+00 1.61E+03 2.24E+01 2.6 1.4 36.0 5400 8.86E+00 5.79E+01
160610-2 3C 2.20E+03 1.74E+01 1.43E+04 6.35E+01 0.8 0.4 65.1 3600 1.43E+02 9.28E+02
Total Activity (Bq) 1.59E+02 1.03E+03
Total Activity (Bg/nv) 8.10E+04 5.22E+05
160429 1A 1.65E+02 2.02E+00 9.63E+02 6.79E+00 1.2 0.7 90.3 18000 1.49E+01 8.69E+01
160429 1B 3.37E+02 5.70E+00 1.93E+03 1.88E+01 1.7 1.0 69.3 5400 2.33E+01 1.34E+02
160429 1C 2.06E+03 1.63E+01 1.22E+04 5.65E+01 0.8 0.5 81.1 3600 1.67E+02 9.89E+02
Total Activity (BQq) 2.06E+02 1.21E+03
Total Activity (Bg/nv) 1.05E+05 6.16E+05
160429 2A 4.83E+02 4.41E+00 2.95E+03 1.49E+01 0.9 0.5 41.8 18000 2.02E+01 1.23E+02
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160429 2B 3.05E+03 2.25E+01 1.80E+03 7.74E+01 0.7 4.3 30.5 5400 9.30E+01 5.48E+01
160429 2C 3.63E+04 7.04E+01 2.13E+05 2.47E+02 0.2 0.1 65.7 3600 2.39E+03 1.40E+04
Total Activity (Bq) 2.50E+03 1.42E+04
Total Activity (Bg/n?) 1.27E+06 7.23E+06
160429 3A 4.05E+03 1.12E+01 2.40E+04 3.83E+01 0.3 0.2 60.0 18000 2.43E+02 1.44E+03
160429 3B 7.57E+03 2.90E+01 4.45E+04 9.96E+01 0.4 0.2 55.2 5400 4.18E+02 2.46E+03
160429 3C 4.07E+04 8.37E+01 2.40E+05 2.95E+02 0.2 0.1 49.8 3600 2.03E+03 1.20E+04
Total Activity (Bq) 2.69E+03 1.59E+04
Total Activity (Bg/nv) 1.37E+06 8.08E+06
160708 1A 6.20E+03 1.33E+01 3.63E+04 4.56E+01 0.2 0.1 73.5 18000 4.55E+02 2.67E+03
160708 1B 5.44E+03 2.25E+01 3.21E+04 7.72E+01 0.4 0.2 73.7 5400 4.01E+02 2.36E+03
160708 1C 6.23E+03 2.76E+01 3.64E+04 9.59E+01 0.4 0.3 90.3 3600 5.63E+02 3.29E+03
Total Activity (Bq) 1.42E+03 8.32E+03
Total Activity (Bg/nv) 7.23E+05 4.24E+06
160708  2A  2.99E+03 9.37E+00 1.77E+04 3.21E+01 03 02 73.1 18000 2.19E+02 1.29E+03
160708 2B 6.30E+03 2.54E+01 3.72E+04 8.74E+01 0.4 0.2 65.1 5400 4.10E+02 2.42E+03
160708 2C 1.22E+04 4.46E+01 7.35E+04 1.58E+02 0.4 0.2 54.5 3600 6.67E+02 4.00E+03
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Total Activity (Bq)

Total Activity (Bg/nv)

1.30E+03 7.72E+03

6.60E+05 3.93E+06

160708 3A 5.79E+02 3.55E+00 3.48E+03 1.21E+01 0.6 0.3 111.0 18000 6.42E+01 3.86E+02
160708 3B 1.13E+03 9.16E+00 6.62E+03 3.13E+01 0.8 0.5 102.0 5400 1.15E+02 6.75E+02
160708 3C 6.51E+02 8.30E+00 3.86E+03 2.86E+01 1.3 0.7 108.0 3600 7.03E+01 4.16E+02
Total Activity (Bq) 2.49E+02 1.48E+03
Total Activity (Bg/n) 1.27E+05 7.52E+05
160607-2 1A 2.04E+01 8.70E-01 1.45E+02 2.74E+00 4.3 1.9 97.0 18000 1.98E+00 1.41E+01
160607-2 1B 3.07E+02 5.12E+00 2.04E+03 1.82E+01 1.7 0.9 100.0 5400 3.07E+01 2.04E+02
160607-2 1C 5.20E+03 2.49E+01 3.45E+04 9.21E+01 0.5 0.3 93.7 3600 4.87E+02 3.23E+03
Total Activity (Bq) 5.20E+02 3.45E+03
Total Activity (Bg/n?) 2.65E+05 1.76E+06
160607-2 2A 1.15E+03 5.38E+00 7.61E+03 1.95E+01 0.5 0.3 91.1 18000 1.05E+02 6.93E+02
160607-2 2B 3.76E+03 1.72E+01 2.47E+04 6.19E+01 0.5 0.3 98.3 5400 3.69E+02 2.43E+03
160607-2 2C  4.10E+03 2.27E+01 2.67E+04 8.34E+01 0.6 0.3 79.4 3600 3.26E+02 2.12E+03

Total Activity (Bq)

Total Activity (Bg/nv)

8.00E+02 5.24E+03

4.07E+05 2.67E+06
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160607-2 3A 1.61E+03 7.49E+00 1.06E+03 2.70E+01 0.5 2.5 59.9 18000 9.67E+01 6.34E+01
160607-2 3B 4.35E+03 2.17E+01 2.83E+04 7.81E+01 0.5 0.3 66.7 5400 2.90E+02 1.88E+03
160607-2 3C 7.45E+03 3.58E+01 4.86E+04 1.31E+02 0.5 0.3 58.4 3600 4.35E+02 2.84E+03
Total Activity (Bq) 8.22E+02 4.79E+03
Total Activity (Bg/nv) 4.18E+05 2.44E+06
160715-1 1A 5.48E+01 1.72E+00 3.47E+02 5.59E+00 3.1 1.6 80.6 10900 4.42E+00 2.80E+01
160715-1 1B 5.20E+01 2.29E+00 3.34E+02 7.84E+00 4.4 2.3 82.9 5400 4.31E+00 2.77E+01
160715-1 1C 1.33E+02 4.04E+00 7.77E+02 1.34E+01 3.0 1.7 107.0 3600 1.42E+01 8.31E+01
Total Activity (Bq) 2.29E+01 1.39E+02
Total Activity (Bg/n?) 1.17E+04 7.07E+04
160715-1 2A 1.57E+01 8.60E-01 9.55E+01 2.56E+00 55 2.7 84.5 15000 1.32E+00 8.07E+00
160715-1 2B 5.20E+01 2.29E+00 3.34E+02 7.84E+00 4.4 2.3 82.9 5400 4.31E+00 2.77E+01
160715-1 2C 9.69E+02 1.08E+01 5.68E+03 3.77E+01 1.1 0.7 90.2 3600 8.74E+01 5.12E+02
Total Activity (Bq) 9.31E+01 5.48E+02
Total Activity (Bg/n?) 4.74E+04 2.79E+05
160715-1 3A 1.12E+02 1.80E+00 6.71E+02 5.93E+00 1.6 0.9 110.0 15000 1.23E+01 7.38E+01
160715-1 3B 9.60E+02 8.69E+00 5.75E+03 2.98E+01 0.9 0.5 102.0 5400 9.79E+01 5.87E+02
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160715-1 3C 4.47E+03 2.39E+01 2.63E+04 8.30E+01 0.5 0.3 79.9 3600 3.57E+02 2.10E+03
Total Activity (Bq) 4.67E+02 2.76E+03
Total Activity (Bg/n?) 2.38E+05 1.41E+06
160428 1A 3.51E+02 3.27E+00 2.07E+03 1.09E+01 0.9 0.5 108.0 15000 3.80E+01 2.23E+02
160428 1B 4.94E+03 2.06E+01 2.88E+04 7.03E+01 0.4 0.2 80.6 5400 3.98E+02 2.32E+03
160428 1C 4.16E+03 2.40E+01 2.45E+04 8.40E+01 0.6 0.3 70.8 3600 2.95E+02 1.73E+03
Total Activity (Bq) 7.31E+02 4.28E+03
Total Activity (Bg/n?) 3.72E+05 2.18E+06
160428 2A 3.42E+02 3.57E+00 2.01E+03 1.17E+01 1.0 0.6 64.8 15000 2.21E+01 1.30E+02
160428 2B 2.96E+02 5.41E+00 1.71E+03 1.75E+01 1.8 1.0 69.9 5400 2.07E+01 1.19E+02
160428 2C 5.54E+03 2.34E+01 3.24E+04 8.18E+01 0.4 0.3 107.0 3600 5.93E+02 3.47E+03
Total Activity (Bq) 6.36E+02 3.72E+03
Total Activity (Bg/nv) 3.24E+05 1.89E+06
160428 3A 9.78E+01 1.71E+00 5.78E+02 5.52E+00 1.7 1.0 109.0 15000 1.07E+01 6.29E+01
160428 3B 1.03E+03 8.07E+00 6.04E+03 2.74E+01 0.8 0.5 135.0 5400 1.38E+02 8.16E+02
160428 3C  8.00E+03 3.35E+01 4.71E+04 1.17E+02 0.4 0.2 62.7 3600 5.01E+02 2.95E+03
Total Activity (Bq) 6.50E+02 3.83E+03
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Total Activity (Bg/n?)

3.31E+05 1.95E+06

160624 1A 3.18E+02 6.29E+00 1.96E+03 2.04E+01 2.0 1.0 77.5 4600 2.46E+01 1.52E+02
160624 1B 1.78E+03 1.41E+01 1.12E+04 4.97E+01 0.8 0.4 63.5 5400 1.13E+02 7.13E+02
160624 1C 1.15E+04 5.16E+01 7.09E+04 1.82E+02 0.4 0.3 36.5 3600 4.20E+02 2.59E+03
Total Activity (Bq) 5.58E+02 3.45E+03
Total Activity (Bg/nv) 2.84E+05 1.76E+06
160624 2A 8.36E+02 7.41E+00 5.21E+03 2.58E+01 0.9 0.5 71.4 8500 5.97E+01 3.72E+02
160624 2B 2.52E+03 1.57E+01 1.57E+04 5.52E+01 0.6 0.4 78.4 5400 1.97E+02 1.23E+03
160624 2C 3.93E+03 2.48E+01 2.41E+04 8.73E+01 0.6 0.4 61.2 3600 2.40E+02 1.47E+03
Total Activity (Bq) 4.97E+02 3.08E+03
Total Activity (Bg/nv) 2.53E+05 1.57E+06
160624 3A 3.32E+01 1.54E+00 1.78E+02 4.60E+00 4.6 2.6 70.7 9000 2.35E+00 1.26E+01
160624 3B 3.39E+02 5.57E+00 2.15E+03 1.92E+01 1.6 0.9 83.7 5400 2.83E+01 1.80E+02
160624 3C 1.88E+03 1.73E+01 1.11E+04 5.97E+01 0.9 0.5 61.0 3600 1.15E+02 6.76E+02
Total Activity (Bq) 1.45E+02 8.69E+02
Total Activity (Bg/n?) 7.40E+04 4.43E+05
160610-1 1A 5.69E+02 4.61E+00 3.37E+03 1.54E+01 0.8 0.5 61.0 15000 3.47E+01 2.05E+02
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160610-1 1B 4.77E+03 1.93E+01 2.78E+04 6.61E+01 0.4 0.2 97.2 5400 4.63E+02 2.71E+03
160610-1 1C 6.18E+03 3.31E+01 3.57E+04 1.14E+02 0.5 0.3 49.0 3600 3.03E+02 1.75E+03
Total Activity (Bq) 8.01E+02 4.66E+03
Total Activity (Bg/nv) 4.08E+05 2.37E+06
160610-1 2A 5.46E+02 3.74E+00 3.17E+03 1.25E+01 0.7 0.4 121.0 15000 6.61E+01 3.84E+02
160610-1 2B 2.52E+03 1.03E+01 1.48E+04 3.51E+01 0.4 0.2 117.0 9000 2.95E+02 1.73E+03
160610-1 2C 3.12E+03 1.77E+01 1.77E+04 5.96E+01 0.6 0.3 130.0 3600 4.05E+02 2.30E+03
Total Activity (BQq) 7.66E+02 4.42E+03
Total Activity (Bg/nv) 3.90E+05 2.25E+06
160610-1 3A 6.82E+01 1.40E+00 3.95E+02 4.46E+00 21 11 129.0 15000 8.80E+00 5.09E+01
160610-1 3B 1.24E+02 2.36E+00 7.36E+02 7.82E+00 1.9 1.1 122.0 9000 1.51E+01 8.98E+01
160610-1 3C  4.49E+02 6.95E+00 2.66E+03 2.35E+01 15 0.9 113.0 3600 5.07E+01 3.00E+02
Total Activity (Bq) 7.47E+01 4.41E+02
Total Activity (Bg/m2) 3.80E+04 2.25E+05
160621-3 1A 8.36E+02 4.84E+00 5.15E+03 1.67E+01 0.6 0.3 102.0 15000 8.53E+01 5.26E+02
160621-3 1B 1.15E+03 7.89E+00 7.09E+03 2.73E+01 0.7 04 74.5 9000 8.55E+01 5.28E+02
160621-3 1C 2.17E+03 1.53E+01 1.32E+04 5.35E+01 0.7 04 113.0 3600 2.45E+02 1.49E+03
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Total Activity (Bq)

Total Activity (Bg/nv)

4.16E+02 2.55E+03

2.12E+05 1.30E+06

160621-3 2A 2.38E+02 2.66E+00 1.47E+03 9.03E+00 1.1 0.6 102.0 15000 2.43E+01 1.50E+02
160621-3 2B 2.04E+03 9.73E+00 1.25E+04 3.39E+01 0.5 0.3 98.3 9000 2.00E+02 1.23E+03
160621-3 2C 5.21E+03 2.41E+01 3.16E+04 8.44E+01 0.5 0.3 99.3 3600 5.17E+02 3.14E+03
Total Activity (Bq) 7.41E+02 4.52E+03
Total Activity (Bg/n) 3.78E+05 2.30E+06
160621-3 3A 2.95E+02 3.13E+00 1.85E+03 1.07E+01 1.1 0.6 92.1 15000 2.72E+01 1.70E+02
160621-3 3B 8.51E+02 8.78E+00 5.38E+03 3.10E+01 1.0 0.6 41.0 9000 3.49E+01 2.21E+02
160621-3 3C 4.85E+03 3.36E+01 2.97E+04 1.18E+02 0.7 04 41.1 3600 1.99E+02 1.22E+03
Total Activity (Bq) 2.62E+02 1.61E+03
Total Activity (Bg/n?) 1.33E+05 8.21E+05
160722 1A 6.08E+02 5.31E+00 3.61E+03 1.79E+01 0.9 0.5 56.7 15000 3.45E+01 2.05E+02
160722 1B 2.24E+03 1.48E+01 1.38E+04 5.18E+01 0.7 04 37.2 9000 8.34E+01 5.12E+02
160722 1C 1.51E+04 6.52E+01 9.28E+04 2.34E+02 0.4 0.3 31.7 3600 4.79E+02 2.94E+03

Total Activity (Bq)

Total Activity (Bg/nv)

5.96E+02 3.66E+03

3.04E+05 1.86E+06
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160722 2A  7.21E+02 5.19E+00 4.37E+03 1.78E+01 07 04 62.9 15000 4.53E+01 2.75E+02
160722 2B 2.45E+03 1.09E+01 1.46E+04 3.77E+01 04 0.3 98.8 9000 2.42E+02 1.44E+03
160722 2C  1.97E+03 1.49E+01 1.20E+04 5.29E+01 08 04 103.0 3600 2.03E+02 1.23E+03
Total Activity (Bq) 4.90E+02 2.95E+03
Total Activity (Bg/nv) 2.50E+05 1.50E+06
160722 3A  6.13E+02 6.23E+00 3.77E+03 2.14E+01 10 06 35.4 15000 2.17E+01 1.34E+02
160722 3B  1.96E+03 1.50E+01 1.22E+04 5.31E+01 08 04 30.7 9000 6.00E+01 3.75E+02
160722 3C  1.23E+04 6.73E+01 7.60E+04 2.42E+02 05 0.3 22.0 3600 2.70E+02 1.67E+03
Total Activity (Bq) 3.52E+02 2.18E+03
Total Activity (Bg/n?) 1.79E+05 1.11E+06
OKUMA
Soil Cs134 (Bgkg)  Cs137 (Barkg) err/Activity o Csllfé“ in Csllfg? in
Dry weight(g) Live time
. . Cs Cs (s)
Date ID  Activity Act.err Activity Act. err 134 137 Bg Bg
0174 1’?' 3'1gE+0 1'1290 1'62E+0 3'6iE+0 04 0.2 37.9 18000  1.19E+02  6.17E+02
0174 1?‘ 1'625’0 7'7§LE+O 8'6290 2'32E+0 46 03 52.2 18000  8.80E+01  4.54E+02
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0174 118' 1'°iE+0 2'931E+0 6'22E+0 1'O§E+O 03 02 38.1 9000  3.94E+02 2.38E+03
o174 1> 8'5:73E+0 2200 4'8ZE+0 [89E0 03 02 58.5 9000  5.01E+02 2.83E+03
0174 11C' 1'32E+0 8'3iE+O 8'12E+0 2'92E+0 06 04 28.1 1800  3.81E+02  2.29E+03
o174 & 112E+0 541E+0 6.67E+0 187E+0 48 0.3 79.0 1800  8.88E+02  5.27E+03
2 4 2 4 2

Total Activity (Bq) 2.37TE+03  1.38E+04

TOt(aE‘:q?r‘:g)V ity 121E+06  7.05E+06

0174 2A 1'72E+0 9'82E+0 8'7§E+0 2'9iE+O 06 03 26.7 18000  4.54E+01  2.34E+02
0174 2B 2'62E+0 1'0‘290 1'51E+0 3'62E+0 04 02 107.0 9000  2.87E+02 1.64E+03
0174 2C 2'62E+0 8'031’E+0 1'52E+0 2'72E+0 03 02 87.2 1800  2.32E+03  1.37E+04
Total Activity (Bq) 2.65E+03 1.56E+04

TOt(aE‘:q?r‘;g)"ity 135E+06  7.92E+06

0174 3A 2'92E+0 1'O?E+O 1'53E+0 S'Z?EJ’O 04 02 48.4 18000  1.42E+02  7.27E+02
0174 3B 1'7§E+0 1'081E+0 1'02E+0 3'7iE+0 06 04 64.7 9000  1.12E+02  6.70E+02
0174 3C 2'4iE+0 1e0E0 1'42E+0 HAZEr 05 03 25.0 1800  6.07E+02  3.58E+03
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Total Activity (Bq) 8.60E+02  4.98E+03

TOt(aB'q?r‘:g)"ity A3BE+05  2.54E+06

0175 1A 2'°3E+0 2'3(2)E+O 1'1§E+0 7'0?)E+0 11 06 106.0 18000  2.22E+01  1.19E+02
0175 1B 1'3290 S AavEre 7'62'5*0 287Er0 06 04 86.6 9000  1.13E+02  6.63E+02
0175 1C 5'7§E+0 3'8190 3'3‘ZE+0 1'3;E+0 07 04 89.3 1800  5.11E+02 2.98E+03
Total Activity (Bq) 6.46E+02 3.76E+03

Toig'q?ﬁg)v ity 320E+05  1.91E+06

0175 2A 2'1;E+0 8'3390 1'1}1E+0 2'51E+0 04 02 67.5 18000  1.46E+02  7.47E+02
0175 2B 6'5§E+0 2'12E+0 3'83E+0 7'231’E+0 03 02 59.7 9000  3.90E+02  2.29E+03
0175 2C 5'525’0 90 3'31E+0 10RO 08 05 54.8 1800  3.06E+02 1.81E+03
Total Activity (Bq) 8.41E+02 4.85E+03

TOt(aB'q/?r‘;g)"ity 420E+05  2.47E+06

0175 3A 2'2;E+0 2'48E+0 1'22E+0 7'43E+0 11 06 99.7 18000  2.27E+01  1.20E+02
0175 3B 6'42E+0 5'68E+0 3'6§E+0 1'8iE+0 09 05 101.0 9000  6.55E+01  3.68E+02
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0175 3C 4'6;E+0 3'5250 2'63E+0 1'2iE+0 08 0.0 80.6 1800 3.76E+02  2.17E+03
Total Activity (Bq) 4.64E+02  2.65E+03
Total Activity
B 2.36E+05  1.35E+06
16;’80 1A 2'1§E+0 3'6‘(‘)90 MgE*O 1'OiE+O 17 09 322 18000  6.87E+00  3.66E+01
16f80 1B 1'52E+0 1'431’E+0 9'2§E+0 4'91E+0 09 05 215 9000 3.35E+01  1.98E+02
16080 . 130E+0 7.01E+0 7.64E+0 2.42E+0 05 03 204 3600 2656402  L5EE+03
1 4 1 4 2
Total Activity (Bq) 3.05E+02 1.79E+03
Total Activity
. 155E+405  9.14E+05
16080 ,, 127E+0 2.85E+0 6.34E+0 7.73E+0 vo 10 0.0 16000 361E+00  LOOE+0L
1 2 0 2 0
16580 2B 2'9‘2E+0 5'13E+° 1'72E+0 1'72E+0 17 1.0 39.9 9000  1.18E+01 6.93E+01
16580 2C 6'7§E+0 4'891E+0 4'12E+° ”;E*O 07 04 20.4 3600  1.38E+02  8.36E+02
Total Activity (Bq) 1.54E+02  9.25E+02
Total Activity
i 7.83E+04  4.71E+05
1Gfso 3A 1'72E+0 2'925’0 9'22E+0 8'53E+0 17 009 413 18000  7.41E+00 3.83E+01
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16080

1.15E+0 9.76E+0 6.88E+0 3.35E+0

0 e T 0 : ; 08 05 40.5 9000  4.67E+01  2.79E+02
16280 3C 2'2:73E+0 292510 1'33E+0 80050 10 06 355 3600  8.05E+01 4.83E+02
Total Activity (Bq) 1.35E+02 8.00E+02

e ety 6.86E+04  4.07E+05

(Bg/m?)
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Local Soil sample site meanswith their corresponding database soil sample

Local SoilCs | Map/database
137 Soil Cs137
concentrationg concentrations
(Bg n1?) (Bq n1?) Location
139233.3333 99000 Fukushima]
223333.3333 330000 Fukushima,
142866.6667 330000 Fukushima,
1910000 73000 Okuma
5836666.667| 2800000 Okuma
597333.3333 73000 Okuma
729333.3333 630000 Namie
1163000 2200000 Namie
1490000 2200000 Namie
2290000 1683745.824| Namie
1615000 1700000 Namie
866000 230000 Namie
2743333.333| 2142428.529| Namie
1473666.667| 2200000 Namie
1257666.667| 2200000 Namie
2974000 4500000 Namie
586566.6667 630000 Namie
1726666.667| 1700000 Namie
2350666.667| 2142428.529| Namie
7156666.667| 4500000 Namie
2006666.667| 2700000 Namie
1257666.667| 2200000 Namie
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Capturewild boar information

APPENDIX E BOAR DATA

Boar Boar ID Capture date Capture location Sex Age Weight
Number Place name Lat. Lon. (weeks) (kg)
1 160531-1 May. 31, 2016| Namie Akougi-Koakuto 37.568932| 140.778014| Female 26 N/A
2 160531-2 May. 31, 2016| Namie Murohara-Hachiryunai 37.500294| 140.945460, Male 46 N/A
3 160531-3 May. 31, 2016| Namie Idekitakawara 37.464554| 140.946247 Female 46 N/A
4 160531-4 May. 31, 2016| Namie Nakasakai 37.479347| 140.981908 Female 26 N/A
5 160531-5 May. 31, 2016| Namie Kiyohashi 37.497798| 141.014968 Male 88-106 N/A
6 160603-1 Jun. 3, 2016 | Namie Kazawoe-Minamiosaka 37.491431| 140.978599| Male 57-61 N/A
7 160603-A Jun. 3, 2016 | Namie Tatsuno 37.523055| 140.931445| Female 6-9 N/A
8 160603-B Jun. 3, 2016 | Namie Tatsuno 37.523055| 140.931445| Female 6-9 N/A
9 160603-C Jun. 3, 2016 | Namie Tatsuno 37.523055| 140.931445 Male 6-9 N/A
10 160603-D Jun. 3,2016 | Namie Tatsuno 37.523055| 140.931445 Female 6-9 N/A
11 160603-E Jun. 3, 2016 | Namie Tatsuno 37.523055| 140.931445/ Female 127 N/A
12 160607-1 Jun. 7, 2016 | Namie Murohara-Shichisyagu 37.508634| 140.931026/ Male 46 N/A
13 160607-2 Jun. 7, 2016 | Namie SakaiYoshinosaku 37.480354| 140.989209| Male 62 N/A
14 160610-1 Jun. 10, 2016 | Namie Akougi-Koakuto 37.568932| 140.778014) Male 33-39 30
15 160610-2 Jun. 10, 2016 | Namie SakaiMatsukiuchi 37.479072| 140.979392] Female 26 N/A
16 160610-3 Jun. 10, 2016 | Namie SakaiMatsukiuchi 37.479072| 140.979392] Male 27-31 N/A
17 160617-1 Jun. 17, 2016 | Fukushima | Yamada-Onbou 37.704008| 140.401985 Female 57-61 51.6
18 160617-2 Jun. 17, 2016 | Fukushima | Yamada-Onbou 37.704008| 140.401985 Male 21 20.8
19 160621-1 Jun. 21, 2016 | Namie Tsushima-Suikyou 37.581339| 140.721047| Female 47-52 27.3
20 160621-2 Jun. 21, 2016 | Namie Minami-Tsushima-Shimohiyada 37.549639| 140.796942| Male 33-39 23.3
21 160621-3 Jun. 21, 2016 | Namie Murohara-Sagarifuji 37.510019| 140.935489] Male 47-52 35.0
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22 160624 Collar Jun. 24, 2016 | Namie Tatsuno 37.523055| 140.931445 Male

23 160705 Collar Jul. 5, 2016 Namie Tatsuno 37.523055| 140.931445| Female 127 76.0
24 160708-1 Jul. 8,2016 | Namie Obori 37.465361| 140.943151) Male lessthan5 2.3
25 160715-1 Jul. 15, 2016 | Namie Suenomori 37.491317| 140.941102] Male less than 5 2.8
26 160719-1 Jul. 19, 2016 | Namie Obori 37.465361| 140.943151] Female 6-9 7.00
27 160720-1 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009 Male 6-9 5.9
28 160720-2 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009 Male 6-9 6.8
29 160720-3 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009) Male 6-9 6.2
30 160720-4 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009, Female 6-9 6.3
31 160720-5 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009 Male 6-9 6.3
32 160720-6 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009| Female 6-9 6.8
33 160720-7 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009) Male 6-9 5.3
34 160720-8 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009, Female 6-9 5.8
35 160720-9 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009, Female 6-9 5.1
36 160720-10 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009 Male 10 6.3
37 160720-11 Jul. 20, 2016 | Fukushima | Yamaguchi-Gohonmatsu 37.761529| 140.501009, Female 6-9 4.9
38 160722-1 Jul. 22,2016 | Namie Murohara-Kamiyachi 37.505422| 140.925022] Male 6-9 5.3
39 160722-2 Jul. 22, 2016 | Namie Murohara-Kamiyachi 37.505422| 140.925022 Male 6-9 4.2
40 160723-1 Jul. 23, 2016 | Katsurao Katsurao-Noyuki 37.519650| 140.816770 Female 21 8
41 160726-1 Jul. 26, 2016 | Okuma OttozawaChuodai 37.415958| 141.012303) Female 87 38.7
42 160726-2 Jul. 26, 2016 | Okuma Kumanabedu 37.393036| 140.995272| Male 87 69
43 160726-3 Jul. 26, 2016 | Okuma Kumashin-machi 37.400028| 140.989244| Male 6-9 9
44 160726-4 Jul. 26, 2016 | Okuma Kumashin-machi 37.400028| 140.989244| Female 80 43.6
45 160728-1 Jul. 28, 2016 | Katsurao Katsurao-Kashiwabara 37.528640| 140.798470 Female 63-68 34.6
46 160729-1 Jul. 29, 2016 | Namie Minami-Tsushima-Shimohiyada 37.551871| 140.788174] Female 145 62.3
47 160801-1 Aug. 1, 2016 | Okuma Kumaasahidai 37.395130| 140.973570, Male 62 54.9
48 160801-2 Aug. 1, 2016 | Tomioka Yonomoriminami 37.362790| 140.996390, Male 65-58 56.4
49 160801-3 Aug. 1, 2016 | Fukushima | Watari-Kouya 37.748730| 140.490098  Male 82-86 48
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50 160803-1 Aug. 3, 2016 | Okuma Kumanabedu 37.393036| 140.995272| Female 125 77.2
51 160803-2 Aug. 3, 2016 | Okuma Kumanabedu 37.393036| 140.995272| female 10 9.6
52 160803-3 Aug. 3, 2016 | Okuma Kumanabedu 37.393036| 140.995272| Male 10 10.4
53 160804-1 Aug. 4, 2016 | Nagasaki HigashisonogichdNakaogo 33.045318| 129.976839] Male 56 20
54 160804-2 Aug. 4, 2016 | Nagasaki HigashisonogichdNakaogo 33.046058| 129.976980| Female 6-9 4.65
55 160805-1 Aug 5. 2016 | Nagasaki Omodakago, Saikai-machi, Saikai cit| 33 076608| 129.685254] Female 21 10.2
56 160805-2 Aug 5. 2016 | Nagasaki | Omodakago, Saikai-machi, Saikai cit| 33 076608 129.685254/ Male lessthan5  10.1
57 160805-3 Aug 5. 2016 | Nagasaki | Omodakago, Saikai-machi, Saikai cit| 33 076608| 129.685254| Male lessthan5 9.4
58 160806-1 Aug. 6. 2016 | Nagasaki Moriyamacho-Keishino, Isahaya city | 32.819950| 130.121090| Female 62 195
59 160902 K-20 Sep. 02, 2016| Katsurao | Katsurao-Noyuki 37.518804| 140.824293] Female 57-61 35.3
60 160902 K-21 Sep. 02, 2016 Katsurao | Katsurao-Noyuki 37.518804| 140.824293| Female | 63-68 317
61 160916 Sep. 16, 2016 Nihonmatsu| Tazawa-Oomori 37.566058| 140.672044] Male N/A 68.9
62 160917-1 Sep. 17, 2016/ Nihonmatsu| Tazawa-Maeyama 37.472590| 140.648111] Male N/A 40.8
63 160917-2 Sep. 17, 2016| Nihonmatsu| Tazawa-Machikumi N/A N/A Female >220 69.2
64 160917-3 Sep. 17, 2016| Nihonmatsu| Tazawa-Myousyouchi 37.560993| 140.658546] Female | 128-144 52
65 160918-1 Sep. 18. 2016 Fukushima | Watari-Causu 37.744412| 140.504675 Female | 57-61 45.3
66 160918-2 Sep. 18. 2016/ Nihonmatsu| Mobara-Wakabayashi 37.539503| 140.628628] Female N/A 9.8
67 160918-3 Sep. 18. 2016/ Nihonmatsu| Mobara 37.536500| 140.627664, Male N/A 16.1
68 160919-1 Sep. 19. 2016| Nihonmatsu| Higashiniidono-Hiraishita 37.534920| 140.589073] Female 15 17
69 160919-2 Sep. 19. 2016| Nihonmatsu| Domeki-Nakanouti 37.542977| 140.612194| Female 15 8.9
70 160920-1 Sep. 20. 2016 Namie Idekitakawara 37.465529| 140.947112] Male 15 9
7 160920-2 Sep. 20. 2016 Namie SakaiYoshinosaku 37.480354| 140.989209|  Male 15 11
72 160920-3 Sep. 20. 2016 Namie SakaiYoshinosaku 37.480354| 140.989209| Eemale 15 10.9
73 160920-4 Sep. 20. 2016 Namie SakaiYoshinosaku 37.480354| 140.989209 Female 15 99
74 160928-1 Sep. 28, 2016| Nihonmatsu| opama-Kitatsukiyama 37.562445| 140.51106 | Male 127 N/A
75 161004-1 Oct. 04, 2016 | Namie Murohara-Takidaira 37.506497| 140.911872| Female 87 N/A
76 161004-2 Oct. 04, 2016 | Namie Murohara-Takidaira 37.506878| 140.916659 Female 87 N/A
77 161004-3 Oct. 04, 2016 | Namie Murohara-Kureki 37.498806| 140.931164] Female 89 N/A
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78 161004-4 Oct. 04, 2016 | Namie Suenomori-Nitakuo 37.480657| 140.940891 Male 15 N/A
79 161004-5 Oct. 04, 2016 | Namie Suenomori-Nitakuo 37.480657| 140.940891 Male 15 N/A
80 161004-6 Oct. 04, 2016 | Namie Suenomori-Nitakuo 37.480657| 140.940891) Female 15 N/A
81 161004-7 Oct. 04, 2016 | Namie Suenomori-Nitakuo 37.480657| 140.940891] Female 15 N/A
82 161012 O-150 Oct. 12, 2016 | Okuma Kumashin-machi 37.400028| 140.989244| Female 40 13.4
83 161022-1 Oct. 22, 2016 | Nihonmatsu| Tazawa-Kanda 37.547322| 140.641809 15 11.3
84 161022-2 Oct. 22, 2016 | Nihomatsu | Mobara-Natsui 37.537587| 140.654725 Male 26 18.5
85 161022 OT-33 Oct. 22, 2016 | Okuma Ohgawara 37.388383| 140.968505/ Female 26 13.3
86 161022 OT-34 Oct. 22, 2016 | Okuma Ohgawara 37.388383| 140.968505 Male 26 13.1
87 161025 O-174 Oct. 25, 2016 | okuma OttozawaChuodai 37.414074| 140.987373) Male 26 15.2
88 161025 F-92 Oct. 25, 2016 | Futaba Shinzan-Tennoshita 37.443004| 141.007252| Female 26 16.4
89 161026 O-175 Oct. 26, 2016 | Okuma Kumashin-machi 37.393047| 140.997004) Female 46 49.3
90 161026 O-176 Oct. 26, 2016 | Okuma Kumashin-machi 37.393047| 140.997004| Female 26 20.6
91 161026 O-177 Oct. 26,2016 | Okuma Kumashin-machi 37.393047| 140.997004| Male 26 23.1
92 161026 O-178 Oct. 26, 2016 | okuma OttozawaChuodai 37.414074| 140.987373| Female 46 48.5
93 161101-1 Nov. 01, 2016 Namie Murohara-Machigashira 37.507298| 140.932306| Male 26 16.3
94 161101-2 Nov. 01, 2016 Namie dekitakawara 37.465529| 140.947112 Female 108 426
95 161101-3 Nov. 01, 2016 Namie Sakailshinazaka 37.478359| 140.977474| Female 127 47.2
96 161108 GPS Nov. 08, 2016| Namie Tsushima-Nishidate 37.561920| 140.746675 Male 128-144 | 1155
97 161108 GPS Nov. 08, 2016| Futaba NagatsukaHarada 37.454348| 141.002830| Female 32 41.8
98 1611111 Nov. 11, 2016| Namie N/A N/A N/A Male N/A 15.4
99 161111-2 Nov. 11, 2016| Namie N/A N/A N/A Male N/A 10.4
100 | 1611113 Nov. 11, 2016| Namie N/A N/A N/A Female N/A 12.6
101 | 1611114 Nov. 11, 2016| Namie N/A N/A N/A N/A N/A N/A
102 | 1611115 Nov. 11, 2016| Namie dekitakawara 37.465529| 140.947112]  N/A N/A N/A
103 | 161111-6 Nov. 11, 2016| Namie N/A N/A N/A N/A N/A N/A
104 | 161117 0-198 Nov. 17, 2016| Okuma Shimono-Kanayadaira 37.408544| 140.975109 Female N/A 54
105 | 161126-1 0-205 | Nov. 26. 2016 | Okuma OttozawaChuodai 37.416058| 140.995227| Female 26 185
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161126-2 GPS

106 Nov. 26. 2016 | Futaba Kamihatori-Sawairi 37.452980| 140.975017| Female ? 31.3
107 | 161126 F-109 Nov. 26. 2016 | Futaba Shibukawakitasaku 37.470056| 140.994922| Male 26 20.2
108 161128-1 0-206 | Nov. 28. 2016| Okuma Shimonogamihara 37.399016| 140.971983] Female 26 20.1
109 | 161128-20-207 | Nov. 28. 2016| Okuma OttozawaChuodai 37.416058| 140.995227| Male 26 21.2
161130-1 0-210
110 | ©PS Nov. 30. 2016 Okuma Nogamisuwa 37.408318| 140.952015] Female 220 88.5
111 | 161130-20-211 | Nov. 30. 2016| Okuma Shimonogamihara 37.399016| 140.971983 Female 87 40.2
112 | 161130-30-212 | Nov. 30. 2016| Okuma Kuma-Kuma 37.384897| 141.009965 Male 26 20.2
113 | 161130-40-213 | Nov. 30. 2016| Okuma Kuma-Kuma 37.384897| 141.009965 Female 26 16.7
161130-5 0-214
114 | GPS Nov. 30. 2016| Okuma OttozawaChuodai 37.414074| 140.987373 Female 87 55.1
115 | 161206 O-227 GPY pec.06. 2016 | Okuma Kuma-Kuma 37.384897| 141.009965/ Female 32 42.9
116 161206 O-228 Dec. 06. 2016| Okuma Kumashin-machi 37.400028| 140.989244  \ale 26 29
117 | 161206 O-229 Dec. 06. 2016| Okuma Kumanabetsu 37.390051| 140.998834| Female 46 43.9
118 161206 O-230 Dec.06. 2016 | Okuma Shimonogamihara 37.399016| 140.971983 Male 26 31.6
119 161206 O-231 GPY pec. 06. 2016| Okuma OttozawaChojyahara 37.429225| 141.009476/ Female 62 39.2
120 | 161208 O-236 Dec. 08. 2016| Okuma OttozawaChuodai 37.414074| 140.987373| Female 48 48.6
121 | 161208 O-237 Dec. 08. 2016| Okuma Kumanabetsu 37.390051| 140.998834| Male 22-25 221
122 161208 O-238 Dec. 08. 2016 Okuma OttozawaChojyahara 37.429225| 141.009476/ Female 87 46
123 161209 0-239 Dec. 09. 2016 Okuma Shimono-Kanayadaira 37.408544| 140.975109 Female 26 25.5
124 | 161209 O-240 Dec. 09. 2016 Okuma Shimono-Kanayadaira 37.408544| 140.975109, Male 26 22.2
125 | 161209 0-241GPS pec. 09. 2016| Okuma Kuma-Kuma 37.384897| 141.009965/ Female ?? 91.4
126 | 161209 0-242 Dec. 09. 2016| Okuma Kuma-Kuma 37.384897| 141.009965/ Male 22-25 19.7
127 | 161213 PF-26 Dec. 13. 2016| Futaba Nakanoshibue 37.459737| 141.029345 Male 22-25 255
128 | 161213 0-246 Dec. 13. 2016| Okuma Kuma-Kuma 37.384897| 141.009965 Male 27-31 47.1
129 161215T-1 Dec. 12, 2016| Tochigi Tochigi-Umesawa 36.439514| 139.642847| Female 87 43.4
130 | 161215T-2 Dec. 12, 2016| Tochigi Tochigi-Umesawa 36.439514| 139.642847| Male 62 30.3
131 161216 O-247 Dec. 16. 2016/ Okuma Nogami 37.414776| 140.944361] Male 145 99.8
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132 | 161216 F-117 Dec. 16. 2016| Futaba Shibukawakitasaku 37.470056| 140.994922]  Male 87 88.9
133 170113TB-1 Jan. 13, 2017 | Tochigi Tochigi, Nabeyama 36.448364| 139.649656) Female | 88-106 31.6
134 | 170113TB-2 Jan. 13, 2017 | Tochigi Tochigi, Nabeyama 36.448364| 139.649656] Female 62 23.3
135 | 170121 O-266 Jan. 21, 2017 | Okuma Kuma-Kuma 37.384897| 141.009965/ Female | 80-86 62.4
136 | 170121 O-267 Jan. 21, 2017 | Okuma Kuma-Kuma 37.384897| 141.009965| Female | 22-25 13.9
137 | 170123 O-268 Jan. 23, 2017 | Okuma Shimono-Kanayadaira 37.408544| 140.975109 Male 26 232
138 170125 T-62 Jan. 25, 2017 Tomioka Oosuge-Kawada 37.371345| 141.003753| Female 26 22.3

Boar Cs-137 concentration measur ementsin bicep femoris

Note: All wild boar samples were measured for Cs-134 at the IER, but the only the Cdal®@slased in the analysis afigy

calculations.
) Cs 134 (Bag/kg) Cs137 (Ba/kg) err/Activity o
ID Capture location Part Fresh or Dry — — Live time (s)
Activity | Act. err | Activity | Act. err| Cs134 | Cs137
160531-1 Namie Biceps femoris| Dry 447.98 | 5.8899 2210.6 | 18.284 N/A N/A N/A
160531-2 Namie Biceps femoris| Dry 237.68 | 3.8215| 1248.6 | 12.082 N/A N/A N/A
160531-3 Namie Biceps femoris| Dry 1498 10.02 7538.6 | 32.144| N/A N/A N/A
160531-4 Namie Biceps femoris| Dry 311.78 | 5.0365 | 1712.8 | 16.379| NI/A N/A N/A
160603-1 Namie Biceps femoris| Dry 809.22 11.13 4350.70 | 36.27 0.014 0.008 10000
160603-B Namie Biceps femoris| Fresh 790.80 17.62 | 3959.70 | 52.43 | 0.022 0.013 10000
160603-D Namie Biceps femoris| Fresh 681.26 12.16 | 3535.60 | 37.47 | 0.018 0.011 10000
160603-E Namie Biceps femoris| Dry 4099.90 | 29.61 | 21279.00| 97.07 | 0.007 0.005 10000
160607-1 Namie Biceps femoris| Dry 3020.5 | 30.737 15354 | 92.782| 0.010 0.006 10000
160607-2 Namie Biceps femoris| Dry 1277.3 | 16.403 | 6648.5 | 51.203| 0.013 0.008 10000
160610-1 Namie Biceps femoris| Dry 883.62 13.26 4465.9 | 41.045| 0.015 0.009 10000
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160610-2 Namie Biceps femoris| Dry 1524.2 | 18.634 | 8267.7 | 59.117| 0.012 0.007 10000
160610-3 Namie Biceps femoris| Dry 1346 23.739 | 71959 | 71.942| 0.018 0.010 10000
160617-1 Fukushima Biceps femoris| Dry 638.30 10.11 3304.20 | 32.15 0.016 0.010 10000
160617-2 Fukushima Biceps femoris| Dry 591.15 12.21 3007.60 | 37.67 0.021 0.013 10000
160621-2 Namie Biceps femoris| Dry 2319.9 | 22.249 11765 | 70.768| 0.010 0.006 10000
160621-3 Namie Biceps femoris| Dry 1063.5 | 23.107 5668 69.814| 0.022 0.012 1000000
160708-1 Namie Biceps femoris| Dry 488.26 | 25.382 | 2524.6 | 67.184| 0.052 0.027 N/A

160715-1 Namie Biceps femoris| Dry 1141.3 | 83.739 | 4591.8 | 195.73| 0.073 0.043 10000
160719-17? Namie Biceps femoris| Dry 1953.8 | 38.072 11099 118.67| 0.019 0.011 10000
160719-17? Namie Biceps femoris| Dry 3769.5 | 35.595 19559 | 111.14| 0.009 0.006 10000
160720-1 Fukushima Biceps femoris| Dry 64.655 | 11.651 | 341.78 | 24.083| 0.180 0.070 5000

160720-2 Fukushima Biceps femoris| Dry 84.17 7.9466 | 423.94 | 19.301| 0.094 0.046 10000
160720-3 Fukushima Biceps femoris| Dry 82.749 | 6.7434 | 379.96 17.03 0.081 0.045 10000
160720-4 Fukushima Biceps femoris| Dry 78.72 6.8869 | 377.94 | 17.598 | 0.087 0.047 10000
160720-5 Fukushima Biceps femoris| Dry 84.744 | 7.1876 | 416.47 | 17.955| 0.085 0.043 10000
160720-7 Fukushima Biceps femoris| Dry 71.205 | 14.861 | 309.49 | 23.929| 0.209 0.077 5000

160720-8 Fukushima Biceps femoris| Dry 94575 | 17.958 | 455.98 | 31.985 N/A 0.070 N/A

160720-9 Fukushima Biceps femoris| Dry 61.545 | 5.7529 | 327.83 | 15.143| 0.093 0.046 10000
160720-10 Fukushima Biceps femoris| Dry 56.069 | 6.4511 | 307.18 | 16.698| 0.115 0.054 10000
160720-11 Fukushima Biceps femoris| Dry 160.86 | 16.685 | 1027.8 | 46.012| 0.104 0.045 5000

160721-1 N/A Biceps femoris| Dry 6019.8 18.63 31703 | 55.969| N/A 0.002 N/A

160722-1 Namie Biceps femoris| Dry 5596.8 | 65.686 29576 | 201.57| 0.012 0.007 10000
160722-2 Namie Biceps femoris| Dry 3493.5 | 89.387 17785 | 251.66| 0.026 0.014 10000
160726-1 Okuma Biceps femoris| Dry 3811.1 | 28.985 19863 | 94.613| 0.008 0.005 10000
160726-3 Okuma Biceps femoris| Dry 4068.9 | 40.39 21366 | 126.09| 0.010 0.006 10000
160726-3 Okuma Biceps femoris| Dry 4068.9 | 40.390 21366 | 126.09| 0.010 0.006 10000
160726-4 Okuma Biceps femoris| Dry 4395.9 | 38.362 23336 | 120.89| 0.009 0.005 10000
160728-1 Katsurao Biceps femoris| Dry 3829.4 | 36.291 20142 114.09| 0.009 0.006 10000
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160801-1 Okuma Biceps femoris| Dry 2299.4 | 81.275 12200 | 248.92| 0.035 0.020 1000
160801-2 Tomioka Biceps femoris| Dry 1596.2 | 60.092 | 7856.4 | 185.07| 0.038 0.024 1000
160801-2 Tomioka Biceps femoris| Dry 1596.2 | 60.092 | 7856.4 | 185.07| 0.038 0.024 1000
160801-3 Fukushima Biceps femoris| Dry 329.65 | 9.1825 | 1721.3 | 27.374| 0.028 0.016 10000
160801-3 Fukushima Biceps femoris| Dry 329.65 | 9.1825| 1721.3 | 27.374| 0.028 0.016 10000
160916-1 N/A Biceps femoris| Dry 195.6 21.267 | 1233.7 | 71.379| 0.109 0.058 2000
160917-2 N/A Biceps femoris| Dry 147.47 | 11.379 | 825.93 | 33.832| 0.077 0.041 5000
160917-2 N/A Rectal content| Dry 125.52 | 14.632 933.11 | 51.283| 0.117 0.055 2000
160917-3 N/A Biceps femoris| Dry 391.56 | 15.242 | 1938.3 | 45.259| 0.039 N/A N/A
160918-1 N/A Biceps femoris| Dry 1088.1 | 17.988 | 6014.7 | 58.582| 0.017 0.010 10000
160918-3 N/A Biceps femoris| Dry 322.3 11.986 | 1775.1 35.45 | 0.037 0.020 10000
160919-1 N/A Biceps femoris| Dry 111.02 | 5.4509 | 560.33 | 15.856| 0.049 0.028 10000
160919-2 N/A Biceps femoris| Dry N/A N/A 373.48 | 32.328 N/A 0.087 5000
160920-1 N/A Biceps femoris| Dry 14077 | 127.73 77435 | 417.92| 0.009 0.005 5000
160928-1 N/A Biceps femoris| Dry 149.97 | 8.6886 | 899.66 | 26.144| 0.058 0.029 10000
161004-4 N/A Biceps femoris| Dry 605.9 16.59 3440 52.237| 0.027 0.015 10000
161004-7 N/A Biceps femoris| Dry 702.87 | 15,963 | 3981.5 | 50.882| 0.023 0.013 10000
161012 O-150 Okuma Biceps femoris| Dry 3683..6 | 54.867 20887 177 N/A 0.008 N/A
161022-2 N/A Biceps femoris| Dry 2998.3 | 29.975 17188 | 101.76 | 0.010 0.006 10000
161025 O-174 Okuma Biceps femoris| Dry 6524.2 | 57.502 37464 | 191.28 N/A 0.005 N/A
161025 N/A Biceps femoris| Dry 787.92 | 22.805| 4664.8 | 74.352 N/A 0.016 N/A
161026 O-175 Okuma Biceps femoris| Dry 376.12 | 7.7899 21185 | 23.968 N/A 0.011 N/A
161026 O-176 Okuma Biceps femoris| Dry 1173.8 | 26.046 6986.3 | 82.123 N/A 0.012 N/A
161026 O-178 Okuma Biceps femoris| Dry 4346.4 | 55.831 24824 | 178.13| N/A 0.007 N/A
161101-3 N/A Biceps femoris| Dry 569.68 20.47 3311.3 | 66.694 | 0.036 0.020 5000
161111-3 N/A Biceps femoris| Dry 677.13 | 19.759 | 3675.9 | 63.067| 0.029 0.017 5000
161126-2 F-110 GPY N/A Biceps femoris| Dry 31747 | 43.077 18378 | 139.09 N/A N/A N/A
161130-2 N/A Biceps femoris| Dry 751.7 22.757 | 45439 | 71.196 N/A N/A N/A
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161130-3 N/A Biceps femoris| Dry 1680 47.175 10034 | 151.03 N/A N/A N/A
161130-4 N/A Biceps femoris| Dry 2045.3 | 63.542 12178 | 202.67 N/A N/A N/A
161206 O-229 Okuma Biceps femoris| Dry 1863.3 59.23 11099 186.17 N/A N/A N/A
161206 O-237 Okuma Biceps femoris| Dry 2730.1 | 63.849 16030 | 205.97 N/A N/A N/A
161206 O-238 Okuma Biceps femoris| Dry 2515.2 | 62.215 15148 | 201.99 N/A N/A N/A
161206 O-239 Okuma Biceps femoris| Dry 2510.1 | 58.728 14275 | 187.91 N/A N/A N/A
161208 O-240 Okuma Biceps femoris| Dry 2089.8 | 52.364 12500 | 169.83 N/A N/A N/A
161209 0O-242 Okuma Biceps femoris| Dry 1272.3 | 23.508 | 7528.6 | 76.793 N/A N/A 10000
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APPENDIX FE CALCULATED TagRATIOS

Method 2:
Method 1: Utilizing

Utilizing local | database soi

soil samples samples Location
0.005965311 | 0.006905873 Namie
0.003404729 | 0.001799864 Namie
0.003040069 | 0.001607091] Namie
0.018296647 | 0.009672273 Namie
0.010304698 | 0.006979091 Namie
0.002903275 | 0.003948636 Namie
0.002765263 0.002627 Namie
0.011335969 |0.013123333 Namie
0.009866408 | 0.011422063 Namie
0.004288578 | 0.005491432 Namie
0.003846189 | 0.002576364 Namie
0.002198516 | 0.001256818 Namie
0.002009276 | 0.001148636 Namie
0.000849227 | 0.000561244 Namie
0.007828266 | 0.007288571] Namie
0.003732011 | 0.002466444 Namie
0.019849664 | 0.013443636 Namie
0.011936242 | 0.008084091 Namie
0.001413216 | 0.001550577 Namie
0.000313554 | 0.000498667 Namie
0.009968771 | 0.007408889 Namie
0.002553936 0.00146 Namie
0.004540174 | 0.005256032 Namie
0.001368793 | 0.001300353 Namie
0.023731386 | 0.033375758 Fukushima|
0.021601149 | 0.030379798 Fukushima
0.001530358 | 0.001035697 Fukushima
0.001898239 | 0.001284667 Fukushima|
0.001701313 | 0.001151394 Fukushima|
0.001692269 | 0.001145273 Fukushima
0.001864791 | 0.00126203| Fukushima
0.001385776 | 0.000937848 Fukushima
0.002041701 | 0.001381758 Fukushima|
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0.001415328

0.000957848

Fukushima

0.001375433

0.000930849

Fukushima

0.00460209

0.003114545

Fukushima

0.012048297

0.005216061

Fukushimal

0.003403141

0.007093929

Okuma

0.003660651

0.292684932

Okuma

0.003998172

0.319671233

Okuma

0.020424107

0.167123288

Okuma

0.003657749

0.09570274

Okuma

0.001109162

0.029020548

Okuma

0.004253113

0.009547692

Okuma

0.006418732

0.014409231

Okuma

0.003578584

0.286123289

Okuma
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APPENDIX G: ANOVA ANALYSIS

ANOVA analysis of location, age and sex using log-transformed data

> Anova(logModel, type = 3)
Anova Table (Type III tests)

Response: log((s.137.)

Sum Sg Df F value Pr(>F)
(Intercept) 278.600 1 371.4732 < 2.2e-16 ***
Location 37.756 2 25.1708 2.065e-08 ***
Age 0.733 2 0.4884 0.6163
Sex 0.001 1 0.0009 0.9758
Residuals 39.749 53
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APPENDIX H: COPY-RIGHT APPROVAL OF PICTURES/MAPS

Google Earth

Google earth provides permissions to use and publish images of googl&@ bartise of google
earth images in this document falls under the “Reports and presentations” guidelines and
permissions. Below is a screenshot documenting the written permsisditdme images uses.

More information can be found under the permissions tab of Google’s website.

Proposed use OK to Additional information
use?
Books Yes t's fine to use a handful of images, as long as you're not distributing more than 5,000 copies or

using the Content in guidebooks

Periodicals Yes This includes newspapers, magazines and journals.

Reports and Yes This includes research papers, Internal reports, presentations, proposals and other related

presentations professional documents

Guidebooks No You may not use the Content as a core part of printed navigational material (for example, tour
books).

Consumer goods No This includes retail products or retall product packaging (for example, t-shirts, beach towels, shower

curtains, mugs, posters, stationery, etc.)

Print No See the advertisements section for more guidance on digital and TV uses.
advertisements

Geospatial I nformation Authority of Japan Images

The images used from: follow all user’s agreements as
discussed on their website. A screenshot is shown below requesting indararat permission

of using the images in this thesis. All images use provides citatioes appropriate.
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http://ramap.jmc.or.jp/map/eng/

gsi-intex@ml.mlit.go.jp <gsi-intex@ml.mlit.go.jp>
Wednesday, January 25, 2017 at 7:40 PM

To: Anderson,Donovan

Cc: gsi-intex@ml.miit.go.jp

Dear Donovan Anderson,

When using the data and map included in the website hitp://ramap.ime or.jp/map/eng/, please follow “User’s Agreement and Terms and
Conditions of Use" as you asked.

For your reference;

Geospatial Information Authority of Japan Website Terms of Use http://www.gsi.go jpdENGLISH/page_¢30286 himl

1) Source citation

a. The user must cite the source when using the Content. Sources should be cited in the following manner:

(Examples of source citation}

— Source: Geospatial Information Authority of Japan website (URL of the relevant page)
* When using Content in an academic paper or book, and so forth, you must give source citation in an appropriate manner set forth in the
Jjournal’s rules,

b. If you have edited the Content for use, you must include a statement expressing that the content has been edited, in addition to the
abovementioned source citation, but not in any way that making public or using edited information in a format that may be misconstrued as
having been created by the Government of Japan (or its ministries and/or agencies),

(Example of citation when using edited content)

- Created by editing GSI Tiles (elevation)
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