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SUMMARY

Some of the radionuclides, that had been released to the atmosphere from the
Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident, were transported to the
Korean territory and began to be detected on March 28, 2011 at some regional
environmental monitoring stations of Korea and continued to be detected until May
31, 2011 (Kim et al., 2012). The radioactivity of "*'I, **Cs and *’Cs in aerosols and
rainwater reached peak values on April 6, 2011 at the Jeju monitoring station which
is located in the northern region of Jeju Island. Jeju Island is the largest island of
Korea located about 100 km distant in southwest direction from the southern end of
the Koran peninsula. Radionuclides of the highly volatile elements I and Cs are
released into the atmosphere in early stages of a nuclear reactor core melt-down
accident and carried away long distance from the accident place, and thus they have
been frequently used for tracing and evaluating the radiological impact from an
nuclear power plant accident or an open air nuclear bomb test by which a large
amount of radioactive fission products is released to the atmosphere (Aoyama et al.,
1987, Molero et al., 1999, Pittauerova et al., 2011, Tagami et al., 2011). BT has a
very short half-life (= 8 d) and thus it can be traced only for a short period of time
after an accident. The half-life of "**Cs is about 2 years so that it can be traced for
several years after an accident. The half-life of '*'Cs is long enough (= 30 a) to be

£ 137 Cs were released into the

traced for several tens of years. Tremendous amounts o
atmosphere by open air nuclear bomb tests conducted during 50°s and 60’s and by

the Chernobyl nuclear disaster occurred in 1986. Since the released '*’Cs had spread



out over the world and deposited on the ground, the most surface soils in the world
generally have substantial inventory of '*'Cs. Lee et al. (1998) reported the
distribution of *’Cs in soils of many regions of Koran peninsula except for Jeju
Island. As the time passes after the accident, radionuclides with short half-lives such
as 'T are no longer measurable above minimum detectable limit (MDA). Instead
134Cs and "*’Cs have become prime radionuclides used for assessing the radiological
consequences of the Fukushima accident. Since both nuclides are chemically
identical, the radioactivity ratio of **Cs and '*’Cs depends on the burnup of the
damaged nuclear fuel. Hence it is specific to a particular accident and remains
unchained if decay correction is properly made. The initial radioactivity ratio was 0.5
to 0.6 during the Chernobyl accident, and it was about 1.0 for the Fukushima
accident.

No attempt has been yet made to assess the radiological impact on the soil of Jeju
Island from the FDNPP accident. About 7 months after the accident, we have
selected 12 locations in Jeju Island and collected at each location a sample of surface
soil and mosses growing on nearby stones and rocks. We measure specific activities
of **Cs and "*'Cs in the surface soil and moss samples by gamma-ray spectrometry
and estimate the amount of *'Cs in the soil originating from FDNPP accident.
Activity profiles of **Cs and "*’Cs are obtained for a cored soil sample to see the
migration behavior of both nuclides.

Specific activities of '**Cs and '*’Cs in the surface soil vary from less than MDA
to 17 Bg/kg and from 12 Bqg/kg to 109 Bqg/kg, respectively. Specific activities of
134Cs and '*7Cs in moss samples lie in the range 6 Bq/kg to 39 Bg/kg and 15 Bq/kg to

41 Bg/kg, respectively. The activity ratios **Cs/"*’Cs in the soil samples are much



less than the reference value of about 1.0, but they are close to 1.0 in the moss
samples. Average amount of *’Cs added to the surface soil after the Fukushima
accident is estimated to be 7.8 + 1.7 Bg/kg. The depth profile of "*’Cs specific
activity has a lognormal shape with a peak between 5 cm and 7.5 cm below the

ground. For the cored soil sample, '**Cs was detected up to 3 cm below the ground.
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Table 2. Radioactivity released during the Chernobyl nuclear accident

Core inventory Total emissions
Nuclides Half.life Radioactivity Emission rate Radioactivity

(PBq) (%) (PBg)

PXe 5.3d 6500 100 650
Bl 8.0d 3200 50-60 ~1760
HiCs 2.0d 180 20-40 ~54

PICs 30.0d 280 20-40 ~85
¥Sr 52.0d 2300 4-6 ~115
*Sr 28.0y 200 4-6 ~10
2Te 78.0h 2700 25-60 ~1150
'“'Ba 12.8d 4800 4-6 ~240
Mo 67.0h 4800 >3.5 >168
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Table 3. Fission product radionuclides in environmental samples collected at Krasnoyarsk

(Russia) between April 4 and May 3, 2011

Sampling area Sampled date BiCs BICs es/MCs
material

Kranoyarsk-1 Melted snow 2011/4/4 0.095+0.002  0.075+0.03 1.28
Kranoyarsk-2 Melted snow 2011/4/4 0.031+0.00  0.037+0.004 0.84
Kranoyarsk-1 Melted snow 2011/4/6 0.026+0.002  0.024+0.007 1.08
Kranoyarsk-2 Melted snow 2011/4/6 0.048+0.004 0.055+0.003 0.86
Kranoyarsk-1 Rain water 2011/4/28  0.005+=0.001 0.007+0.003 0.71
Kranoyarsk-2 Rain water 2011/4/27 <MDA <MDA -
Kranoyarsk-2 Rain water 2011/5/3 0.006+0.002 <MDA -
Kranoyarsk-1 Pine needles 2011/10/20 0.740.11 1.03+0.20 0.72

Table 4. "*Cs and "Cs concentrations in soil at Milano, Italy, following the

Fukushima accident

Sampling area date BiCs BICs B4Cs/PCs
Segrate 2011/3/3 0.83+0.30 12.26+0.70 0.068
Senago uncovered 2011/4/4 0.29+0.13 85.17+4.40 0.003
Senago covered 2011/4/4 0.47+0.28 84.65+4.40 0.006
Segrate 2011/4/6 0.48+0.27 18.73£1.02 0.026
Segrate 2011/4/13 <0.21 18.65+1.04 -
Segrate 2011/4/20 <0.19 19.081.05 -
Segrate 2011/5/4 0.45+0.19 9.62+0.56 0.047
Segrate 2011/5/11 <0.06 11.99+0.63 -
Segrate 2011/5/18 <0.07 24.95+1.30 -
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Table 5. Ranges of '**Cs and "*’Cs concentrations in daily aerosol samples collected at 12

regional monitoring stations in Korea during March 28 to May 31, 2011

Place B4Cs(mBg/m’) B7Cs(mBg/m’) B4Cs/PCs
A= 0.04-0.54 0.04-0.55 0.87+0.03
A 0.04-1.19 0.04-1.25 0.96+0.02
BF 0.04-0.41 0.03-0.42 0.99+0.04
o = 0.04-0.25 0.06-0.27 1.00+0.04
Tk 0.06-0.36 0.08-0.45 1.00+0.03

&l 0.04-0.14 0.06-0.13 1.01+0.04
s 0.04-0.15 0.05-0.15 0.91+0.07
5 0.04-0.23 0.05-0.20 0.92+0.04
T 0.04-0.23 0.05-0.22 0.88+0.04
M= 0.03-0.15 0.04-0.17 0.97+0.04
&S 0.05-0.20 0.04-0.26 0.8120.03
Sl 0.04-0.16 0.02-0.20 0.92+0.04

Table 6. Ranges of **Cs concentrations in daily rainfall samples collected at stations in Korea

5 Total
Inflow rate (Bg/m”) Inflow
Place rate
(Bg/m’)
Mar Apr May Jun Ju Aug Sep Oct Nov Dec
A& 0.00 - 0.13 0.09 0.04 - - - - - 2.21
e - 2.69 0.21 0.05 - - - - - - 2.95
a1 - 0.33 0.15 - - - - - - - 2.48
5 - 0.55 0.17 0.05 - - - - - - 0.77
A5 - 346 0.08 0.02 - - - - - - 3.56
At - 2.44 043 0.18 0.45 0.10 0.20 - - - 3.81
BE - 1.27 0.11 0.04 0.14 0.05 - - - - 1.60
A - 481 3.19 044 0.49 0.39 - 0.03 0.03 0.05 9.43
Al - 2452 037 0.20 0.07 0.09 - - - - 25.2
A= 000 244 056 0.10 0.14 0.07 0.03 0.00 0.00 0.01 3.35
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Table 7. Ranges of “'Cs concentrations in daily rainfall samples collected at stations in

Korea
Inflow rate (Bg/m’) Jotal
Place rate
Mar Apr May Jun Jul Aug Sep Oct Nov Dec (Bg/n)
A& 0.01 2;3’6 0.17 0.13 0.07 - - - - - 2.74
el - 0.38 0.29 0.06 - 0.03 0.03 - - - 3.79
= - 286 0.19 0.05 - - - - - - 3.10
5 - 0.72 021 0.09 - - - - - - 1.02
A5 - 4.19 0.10 - - - - - - - 4.29
At - 292 052 027 057 0.14 0.17 - - - 4.59
oy - 0.87 0.32 - - - - - - - 1.19
-2k - 10.64 396 053 0.58 051 0.07 004 0.03 0.07 | 116.4
Al - 28.69 044 028 0.08 0.11 - 0.02 - - 29.6
A= 000 244 056 0.10 0.14 0.07 0.03 0.00 0.00 0.01 4.69
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23 3olx g A%

AGAR BAG YA EF Ul A ol%, BN FARE oY, Eo
N dFFow ol 9 o|5ARE AW & vk oldd 4 ojFAnE
BAPAANE FAT W FL neAFol Ak meksige] Fa Agse
SFL o] FEEs} =Tk Vs, Py, Mpy & BRI el Agtel Aow

e Ak 2 7 850 B W SAF = Table 8o HoiFaL gl

Table 8. Fraction of radionuclide added to the soil (%)

Nuclides soluble exchangeable fixed
*Sr 5~10 80~90 2~15
PICs <0.2 30~40 50~70
%Ry 5~15 3~5 80~90
oy 0.5~1.5 2~5 >95
e 0.1~0.5 1~5 >95

Bk EA5t: dAF> A EAZR FF5HLh o5 ol st EofoA 2 EA|
2 %77 AEE Aol Al (transfer factor)2} 3Tl dEo] HolAlG= 107'~107

AE otk AE](Ca), ZEIK) HIRE BEY T Aol a3t Jloerw TS
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oM F B i AF2 AAE G dAY AE fEE T v

Table 9. Radionuclides that are detected in the environment

Major Radionuclide B¢, *'Sr, °H, *C
Air 131L 134Cs, 137Cs, 3H
Water *H, ¥Sr, *Sr, 'L, P'Cs, P'Cs
Soil QOSr, 134Cs, 137Cs, 238Pu’ 241AIIL 242AIIL gch, 129I
Milk SQSr, QOSr, 131L 134Cs, 137Cs
Vegetation ¥Sr, *Sr, *zr, B'1, **Cs, YCs,

GAFH AL 2 vl &3] 7 dAStER 7o #Ao]
Aol gl AlJAeA e "Hojzl 2 2] 37 o A
H, "C 5 4%0o|7 Pu $YL4LE HIEA AZHT o5&

TRE A HAT dypolty d AH Y Aoy HYE AE el = Pu E

AL, *Am 5 F-$-2HE (transuranic) D A2 ¢} A7) SFQl P1e, o]

= o u

AMF Fohslolop gtk Fo BT @7 wolxetal

Zol=
T~

Bg/kg in dry soil , *Sr<- ~15 Bg/kg in dry soil®] T}.

YCse] R HAF Hx1 A

2xd

AbaLel] ogk Ao Eok Afel| Al dgste] o] sAe] Hormw A
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in dry soil o|4 f+7]=°] @Wol FAHE A2 eFolM= 44 oY HEdHH 29|
W XS Fig 7004 B Y0 ool =EA Aol @o] FEataL olef H]

sfo] Mgre- ¥ 2e A olEFALL wolFL 9rk

% of *'Cs and *°Sr

0 10 20 30 40 50 60 70 80
[ 1 1 1 1 1 1 1
o
~ 10f
E 137 2
S B °'Cs, 7470 Bg/m
£ 15 1 *°sr, 3371 Bg/m®
-
S 20
w
25
30

Fig. 7. The distribution of radioactivity in soil per depth (Prior to 1994 Halla

Mountain).
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WA AE719 A SRslch @ WAk 1E7] AA AEvde] olw
22 o ASALE shvlel E@th waAbde] 1 B WA AEA
82 i qUAE do] At JBA F4e FRs Helso Ak 1 F 7

&

o
X
i

rhe SAsE WS =249 HETY dEaEer A S

e
o

= RAQ Aol o] & Qlrh. AR oA WEH = AL A=
K& 0.1~10 MeV AFo] o] gtolt}. o] oA G dojrp= 2§ WARE +
2 37 a I (photoelectric  effect), T ZE A (compton scattering) X A

(electron pair production)®] 7% 2F-g-o] dojdr}

3.1 ZA &7 (photoelectric effect)

ol Eo?l #rwbido] a8 A=date] Fuo] ouAE Aoz 4
SRR olgetel FAAE WEEHE Aot webA FAF (XA oy Zhekd)
+ 2dYa I UAE AATE 7HHA Ao Al dA2E dAs 2719 A
YA (Ey) & 7HIERE F-AA= olUA Ec= (Ep-Ey) keVE ZE=th Fdats o
W K=7 AA7F so 2 yrbdA wsolA A HER K-7F A=dxke] Rz
= UE AR =2 duAE 7Hx AT oA\ AE BEshEA AYAA Ek
o] e 54 XHo] AW tE AL HAxtet 4E AEste] Augerd
A7 el fok o] XASS A BAHA FRCAN SFHER, =2 B
AAZE AE7] Wl A& AqiAFEHZ S5 Aol dvh. 11 43z A= Al
= Eeol Hldets 54 2719 dAss U o] dA5e JudA7|E A

Sak| 54 Aol e A%/ HEHo] ol mASM s Yyt



3.2 AXZHE A (compton scattering)

AR wbde] AfAdA Aol W ofd AEAete] FEE YA
ubd el ey A () o] AF-5 AAtelA Fo] MAE dAF ¥o® FojurtA
et QQAbE Zepde oy A b Has o] Addgebd (v 1) 0% yEhdTh ol
JAF ZHupx o] oA & whol Az} vho g FHojuhe dxkE HEZY HdxbE}

AUAZE F9 keV o]l ke Aol thE BT A

ofo
=
1o
%
2
=
oy
o
=

Aol AZ/NUAN FARNE QoA FH B peakE W %L o
A, e 42719 FE AAAR AANA AESEE Qo RRE e
Zhukdo] Thal A Bl o8] A2 Abgro] elojupsl k. o] Abekel zebAl

o T AEVE YA HW TS peakrt tEhdbAl Bk olux 9l

Mo

FEnEPEe Agste] FolA Adzts i gAel olux sl xe A

o] oA Afole] BAL GE Dk,

Ec=E, -

= E,;- (@)

1714 @& E,/m.c” oliL, E, & JARIIA Y] oidxeln], 6 & IARgtubad )

WaEs) Abek ko] el o] i Zolth, gwhAl Abetzbe] wheh P A
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= #Ha& 00A Hdl 2¢E,/(1+2a) 7k AHAQ dyiA 2EE 7Hxh

3.3  HAAPEAA (electron pair production)

AL QA mbd o] HE719] widel Gedl A4S ZAHE A o 4
g Coulombd o= <l abgtupide] 2EHI Al dxpel FHaxpe] go] A
AEE FAgolth frgubd ol Mk FARE A A E A BE
WA ol wpel Azbe] YA A7 oyl 219l 1.02 MeV ©1/d2] ouxs Za
= Strh olu o] REHT] wite] AL HE HAN Az Ao
AR AR 4 27] wEe] 2 SFuxE d$ Fow, FAE £ Q)
oh FAATE AE7] AS FstEA Ale] 7L e BEE UAE A
H QA AFHAbet Aetel 2dE 3, 0.511 MeVe AU E 2 27]9

ZAubi e wAAY o ZA AHE AT ¢

O
2

Zb A WA (annihilation
radiation) o]} &t AHAEY Arol= 2719 AHFATE AoAES shA 2
AZE7] JF= o|&3A Hw double escape® YWERY I, 1719 A9EFA7F &

e dorla v e AE7] eFE olgstA HW single escape’t

Gl
s, 2708 28R BE7F AET7IWelA FiavE dogA e A yXA

[d

S

2

S7F g B3 AES7IdelA 1) 2 2709 AEEAE Al ds o

o7t Afolt ASREE etk gopie] oAzt ofF 2 B¢ 4

(5)
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AAES A=Y QT HE HAE oURE= 1.022 MeV o]EF oy A
7} 1.022 MeV o)A+ mpAos =QAlS 73k 3 A 5o A3
HEsteg 2 ouxel A AT} 5o B4 uss wol 7S o

% 9r.
L HPGeA£7])E o] &3 ZvlEg B9

1. 92 ¢ 74

drbde AEsted &3] AR HE dEVEe VAT dEV] AR HE
HEEAl AE7] sol vk WA A&7l o HSks 17kekd Afel o] (Carrier)
7F AAE &35 (Depletion layer)o] A7I=dH o] 5ol WAl st 7t
A5 Adgs sttt FATAAY] dste] WA sl V) &ske] YAF ek
o] ¥HF el AegldEer 7Fdd (Valence band) 4 A Xt (Conduction
band) & A7} AdolH i FAll Aol ¥¥ (Hole)ol ARt AAb—<F
T 1S HEEd o3 ouAE AZvE (Ge) REEAI] F$ 2.96 evol
1A= 30 eVolth. 71A delghe] dnbAQl Al oA e nla] v she Az
AUAE 7F GeWtEAl= w2 dsh Aol 7hsstal A oR ¢35
o 7M. o] deA = deHEldoe] vhe vt HE7]E o] &t ul
A AENAE GeLDHEI9 HPGeAE7I7F QAT o] AefAs BEE
o] F&7F ol 2 bias AYS dolE F dom, 2o T S o
it HAALE YZAA AHEE F 9l ORTECAMS] HPGeHZE71E5 AFE-df

gt A&7]9 AAL 585 mm ©]3 dolx 52.7 mmelH °Co¢ 1332.5
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keV Zvpd o= HE 37x37 Nal(T) #HZE7]el dist ddla&2 30%, +3ls
2 1.85 keV, 18]3 peak—to—compton H|&= 60|t} AEEA L AAEZHL

MCA (multichannel analyzer) Card® =A3tgon, AHEY BAL APTEC

[H

2392 ol g3 Fig. 8% 102 45719 AEAY 9 2HE=Y 54 &

=

g WEhdo o3t Anje V|EAe®E HPGed=E7], AASEH7] (Pre

M

amp), T%3%7](Main Amp), ADC (Analog—to—Digital Converter), tZ 311
A71(MCA), 1A%+ =dA (HV Supply)olth. A&7l Wi/l AX53E7] (Pre
amp) &} o] AP o=z Ao Q. F+5%7], ADC, AU T, MCA

= oqkA © 2 NIM(Nuclear Instrumentation Modules) 2 o] &3t} o] 52 &

oAl el RE=E AFsE A% glom, o]AS USBZE PCeoll dAdsto] A&t
t} o] A$ PCell Ax%¥ MAESTRO, Gamma Vision, APTEC 3 #& 70}

S

d #3 Z2I9 (Emulator)©o] MCA &5 st ouyx 33 A=
PCel RUE Aol mAlEth HE7IE N WA JFE WAt 918tk
o A g6l Yool stk HPGe A&7 FA2CRE WZbdlort A Vs
AEz AE7) AdE Ty 4 S dAdAT B9 e 871N
Dewar) ol 4138le] Abg3a17] A HAad 243 B¢ 23] Y T7K) S AA

of gttt AE7o 4% AolEL 17 Al E(HV cable), EHAIS Aol &,

Ax5EH7] A Alol& 37/NE o]Fo| A Attt HPGe AZE71+= izl ¢F 4000 V

AEO 7l Ho7 3EE 1Y Ao)E(HV cable) NIMO A<t
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Fig. 9. High purity germanium(HPGe) 7 -ray spectroscopy system.
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diagram.
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SAA T Hrt WAbs FA oA Fukd olUA = oF 50 keVeold 3 MeV =

o] Zrup AMES BAAIo R st} weba], TEAEE 100 keVOl Al 2 MeV Ao]

Table 10. Standard source (QCY44, Amersham) used for analysis of HPGe detector

Nuclide Energy (keV) Yield Half-life (day)
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109Cd
’'Co
139Ce
203Hg
>Sn
Sr
BICs
88Y
“Co
%Co

88Y

88.03
122.06
165.86
279.2
391.7
514.01
661.66
898.04
1173.24
1332.5
1836.06

0.0363
0.8560
0.7987
0.8148
0.6489
0.9840
0.8510
0.9400
0.9986
0.9998
0.9936

462.6
271.79
137.64
46.595
115.09
64.849
11012.7
106.63
1924.2
1924.2
106.3

A

m

=z
A

l

=
AL

i:tl

+ £2449 QCY44E 1 M HCI

g0z A3 45

m

2-7](diameter 50 mm, height 70 mm; Mizuho

Kol
)

stk #4420 B9

Chemical Co., Japan)°ll ¥7l& & AAE

QA A7 2Reks] MR TE ol

AUA WAL AlZ= oF 5
A FolHE 1 M HCl 84S % 25 mmolA 50 mm7HA] 11719 & &

Az Al E AR & (self-absorption  effect)ol] 2] gk ¥

of thsf

7}

2 a7 9lskel Z7ke] TAZ A ASAL,

L —

R

TAIEE Table 107 22> 545 7FA+= HPGedE71(GEM-30185,

3}

o

EG&G Ortec, USA)S+ MCA(Model 92X, EG&G Ortec, USA)O. 2 4% Zinpit
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4 Fillee 2 WA spectrumes THEUTH EF £4Ad FToll TEH Q=
“Cogt ¥y T2 77+ 1173.24 keVS} 1332.5 keV “12]1L 898.04 keVe}l 1836.06
keVe| & WEshes FAlo = vE FwkAd 2505.74 keV el 273401 keVe
35t A A Y (summing effect)E WEM 7] W ol A5 4
st AR UEE ARS BT gupdo]l Ao Es doA AR AAET
¥ F}(self-absorption effect)E WEFZ] wZo] ZFAAT A5S] BRY] HE7}
= A% AS5aEEC] FAadste AFol Utk wEbA, A dAFE P (summing
effect)?} Al 5.9 AFAS<= 4 F(self-absorption effect)E X7 3} th.

3. AZHEY Dpatad A
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Fig. 11. Flow chart of Data analysis.
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EoPe 12oE stn Uk ANEAY bascline ofF AT AWG 1
Zo) sulgE)el ] A9 AAel Agrha Az 5 9r) wmRe] 1Ahn)R wis
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A4, B3, 194wk @ A4 o dFo] AL Hed 1 AAIATHFg

12, Table 11).

Fig. 12. Distribution of the sampling locations in Jeju Island.

Table 11. Geographical information of the sampling locations

Altitude

Location Geocode Sampled date
(m)
3325.285N
S1 126 33.248E 569 2011-11-01
3325384 N
S2 126 37.464 E 605 2011-11-01
S3 3325384 N 354 2011-11-11
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126 37.464 E

S4 132?’62561:662 205 2011-11-01
S5 f;ﬂ;&;g 251 2011-11-01
S6 1323 6137 5953271\]2 245 2011-11-01
S7 1323611972162561\]2 166 2011-11-15
S8 132362511322151\]2 407 2011-11-15
S9 1323 6227 4.338;71\]2 122 2011-11-15
S10 1323611597699291\]2 116 2011-11-15
S11 fj;jf;f;\é 423 2011-11-15
S12 1323622282321611\]2 1076 2011-11-15
2. Q5 HH
EY AlEe dAst WA(B50x50 cm)] A WS A F FalEA 2 7
EUE7HA, 99 5)e EF AASe] 1 em Zo] oy RFTEE EAOR oF
2 kg A% AFASAT AR EAF Ay BN 5 cm7bA] A FH e AHEE S Bk

A ez AHE

) 134
A5, Vs Ay R
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Fig. 14. Drying and weighing of samples.
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Is measured using a HPGe (Measuring time: 80,000 sec).

Fig. 18.
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Fig. 19. Flow chart about 7 -ray spectrometry method.
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v.d3 9 3

1. Ycs B4 AFE HA5EAH

Table 12. Analysis results of 37Cs for KINS reference materials

Material Soil
Year Measured values Reference values Evaluation
2011 99.8+1.90 100 £3.0 A (acceptable)
2012 86.8 £1.66 83.0 £2.60 A (acceptable)

Table 12+ 2011 - 2012'd AFolo] KINSO|A A 3dt= vlwA| 552 Picse] HA]

A%E dehigleh o5 g B AR v 8F waia Fr1E A%

- T

= 9] ¥ 3](IAEA)S] AQCS(Analytical Quality Control Service)®] 7P ol whe} 474

H 712 A9 QAstel, B AR B Azel Ui AHEE AWt

(KINS, 2011-2012).
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2. 5% A2 F Mcs W Vcs B4 Az

Table 13. Specific activities of '**Cs and "*'Cs in surface soil samples

Sampled BiCs B1Cs Activity ratio

locations (Bq kg'—dry) (Bq kg'—dry) B4Cs/Cs
S1 11.96+0.62 62.56+1.53 0.19+0.01
S2 16.73+£0.72 26.84+1.09 0.62+0.04
S3 6.38+0.47 108.62+2.1 0.06+0.004
S4 <1.13 36.74+0.93 -
S5 2.88+0.3 98.46+1.84 0.03+0.003
S6 3.38+0.31 12.14+0.56 0.28+0.03
S7 2.16+0.26 39.69+0.94 0.05£0.006
S8 6.29+0.83 28.46+0.83 0.22+0.03
S9 <1.04 17.50+0.58 -
S10 2.87+0.27 53.62+1.15 0.05+0.005
S11 13.90+0.72 78.87+1.87 0.13+0.01
S12 5.47+0.63 58.95+1.65 0.13+0.01

<: less than Minimum Detectable Activity( MDA)

- : not calculation

Table 13 15 A f9] B n] AAA] BEF F ¥Mes B Pes WAbs R

AN

Cs /¥ Cs ratios YEFUISITE P'Cs WAFS s == S27F 16.73 Bakg-dry® 7HE %
1L, S7°] 2.16 Bo/kg-dry® 7Hg WSkth 12]al s49k S9°] A ZHzt 0.934
Bg/kg-dry, 0.561 Bg/kg-dry o} =H|&o R WAls L& AESHeHA| ghel 2hzt
1.13 Bg/kg-dry, 1.04 Bgkg-dry® Ut A HAZH Ak s PAbs FEi 839
109.62 Bg/kg-dry® 74 =911, S6°] 12.14 Bg/kg-dryZ 74 $oktl. Fig 202

ey 8l Veso] S9E BEAQ v 8F AAEYL ekl
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3.0]7] B¢k = Bicg 1l Yoy B A

Table 14. Specific activities of **Cs and '’Cs in soil attached moss samples

Sampled Cs B1Cs Activity ratio

locations (Bq kg'-dry) (Bq kg'—dry) Hcs/Cs
S1 13.65+0.57 97.15+ 1.99 0.14+0.01
S2 30.67+1.14 46.56+1.63 0.66+0.03
S3 19.54+1.08 79.97+2.31 0.24+0.02
S5 12.46+0.72 20.26+1.06 0.62+0.05
S6 9.28+0.56 26.94+0.97 0.34+0.02
S7 8.27+0.43 127.204£2.53 0.07+0.003
S8 29.09+1.35 30.61+£1.68 0.95+0.07
S9 2.61+0.21 4.40+0.34 0.59+0.07
S10 7.66+0.34 39.35+0.94 0.19+0.01
S11 27.28+0.99 106.64+2.55 0.26+0.01
S12 12.91+0.67 36.62+1.19 0.40+0.02

Fx 9l Mes /Mes

Table 14= A5 #|o12] o]7] BEoF & Ycs W ¥cs WA}

ratios LFERYSITE PCs WAMS

2.61 Bakg-dry= 7Hg skttt PCs WAs R

=43l S97} 440 Bgkg-dry® 7FE Skt o7 &

0.14~0.95 Wtk
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S27} 30.67 Bg/kg-dry® 7F8 =kar,
S7°] 127.20 Bg/kg-dry® 7}%

134 137 .
Cs/"”'Cs ratio™



Table 15. Depth profiles of **Cs and "*'Cs in the soil of location S3

depth(cm) s s
(Bq kg'—dry) (Bq kg'—dry)
0-1 5.25+0.45 110.61+£2.23
1-2 2.924+0.42 120.92+2 .41
2-3 2.89+0.38 136.22+2.61
3.4 ; 158.47+2.97
4-5 - 208.67+3.63
5-75 - 254.80+4.22
7.5-10 - 189.18+3.26
10-12.5 - 87.33+£1.78
12.5-15 - 43.05£1.08
15-17.5 - 15.56+0.63
17.5-20 - 6.37+0.44
20-22.5 - 3.32+0.36

<: less than Minimum Detectable Activity( MDA)

- N.D (not detectable)

Table 155 S3 XAF A AoA Eek zZlojo] w2 HIAMA A4 IS

2t

okt

71 S8l AEIA 25 cm HelZkA £AE AAE dehdiddth Fig 239 (9%

Fig. 229 ()% RHW, Cs 0~3 emZ7HAI % HEH 3L 9lor whd YCs2 7.5 cm7}

¥

A YAy FEF FbHE $4E Bolthh ol gaste A 2 5 Atk

oleldh A2 A=l Ay AR wo] Pieso] 2AE &S Eel

ik

S 9gla, BEo] ol W] 5o YL Wwol WA A;elq WO o|Fa}

A= Ao® welth T¥a FFAE AR Qlsto] EFE(SF ~3 cm)oll of
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Table 16. Depth profiles of **Cs and "*'Cs in the soil of location S5

34cg B7Cs
depth(cm) (Bq kg —dry) (Bq kg '—dry)
0-1 2.99+0.34 151.02+£2.72
1-2 - 164.80£3.02
2-3 - 162.55+2.97
3-4 - 168.67+3.01
4.5 _ 142.3542.61
5-75 - 79.08+1.55
7.5-10 - 32.55+0.91
10-12.5 - 9.33+0.52
12.5-15 - 3.36+0.42
15-17.5 - 1.98+0.35
17.5-20 - 1.26+0.37
20 -22.5 - 1.08+0.48
22.5-25 - 2.69+0.59

<: less than Minimum Detectable Activity( MDA)

- N.D (not detectable)

Table 165 S5 AL A AollA] EoF zloleo] wE WAMY A9 x5 g8t
7] $1&ll AxmelA 25 em Zol7kA] EA e AE YER AT Fig 229 (b= K
W YCse] A 4 em7HA] Fbekh thA] fhAskeE AES BG4, Fig 239 (d)E
B s A= 1 emZHA AR AEH A, olH e 2 33 vhE A
S wola YA S3 AL XNH Y o] S5HUF ¢ Wol AMF] o]Fo] X

o O EHs] dojd Zow Btk WisE A=wdl 9 #AYY JFow |

ol
rr

i e AFolal RFEde FFAIF dFe] Heixl Ao

A

12
ofN

o] °]F

2 Rt MCse] AgE TN TS Wol A9 Jow dddrh Fig
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Fig. 21. Depth distribution of *’Cs and "**Cs activity concentrations in Kawamata

Town, Japan.
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Fig. 22. Depth distribution of *’Cs activity concentrations in (a) S3 and (b) S5, Jeju.
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Fig. 23. Depth distribution of **Cs activity concentrations in (c) S3 and (d) S5, Jeju.
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5.0]7] A& & Bics W Yes B4 A

Table 17. Specific activities of **Cs and '*’Cs in moss samples

Sampled BiCs BICs Activity ratio
locations (Bq kg'—dry) (Bq kg'—dry) B4Cs/Cs
S1 21.71£0.85 23.83£1.06 0.91£0.05
S2 27.15+1.38 26.10£1.70 1.04+0.09
S3 16.54+1.04 20.03+1.33 0.82+0.08
S4 13.62+1.21 19.34+1.39 0.70+0.08
S5 28.99+1.24 31.42+1.57 0.92+0.06
S6 39.00+1.70 40.91+2.20 0.95+0.06
S7 10.28+0.72 31.62+1.26 0.32+0.03
S8 37.98+1.76 36.88+2.20 1.03+0.08
S9 10.49+0.65 15.04+0.86 0.70+0.06
S10 6.53+0.46 18.37+0.80 0.36+0.03
S11 21.88+1.39 28.33+1.73 0.77+0.07
S12 10.52+0.92 17.15+1.13 0.61+0.07

o]7] AmeA YiCs WA FE

40.91 Bg/kg-dry= 7Fg =%ka1, S9o|A 15.04 Bg/kg-dry=

[e]

) . -
WAbs 5T

7 St

S6°] 39.0 Bg/kg-dry= 7}

i)

Table 1704 HE upg}l Zo] SEeA
7H vkt PiCs
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7. %A QAT 9T BY ED)

Table 18. Estimation of Fukushima-originating '*'Cs activity in surface soil

Sampled Fukushima-originating '*’Cs Fraction
locations (Bq kg —dry) (%)

S1 13.1£1.0 20.9+£1.7
S2 16.1+4.8 59.9+18.0
S3 7.9+1.0 7.3+0.9
S4 1.7+£0.5 4.6+1.4
S5 3.1+0.4 3.1+0.4
S6 3.6+0.4 29.843.6
S7 6.9+1.1 17.4£2.8
S8 6.1+0.9 21.443.2
S9 <MDA -
S10 8.0+1.1 14.9+2.0
S11 18.1£1.9 22.942.5
S12 9.0+1.4 15.3£2.4

Average 7.8+1.7 18.1+5.6

< MDA: H#4%HZE WAFs (Minimum Detectable Activity) &% ©]3} 3t
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