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BE . \BEFE - FUSEN S o R EHAIERRAE T O BOBRERBREZITV, RN OZERMRER & HEUNGE, ARSI~
Pt o T AORHEOELER -, LFERERIT 1 m O S OZMBREEN 73~76 %K L7z, LF-HBERERKIZ1Im OBID
ZEMRR RN 47.7 %2, AW HRE~ES 8 cm £ COHMHIRIFITE EN D HEREED 13.7 %I ENZiEd LTz, L-F-H EREX
OEWFHITE L <8I, BRES ORERIIFE Lz 187C0s 12k U CHRERALERE K 5 H R OFHERIX 9.65 % & 72 o7z, L-F J@EREX
DOFRIFEHFEIE 0.64~0.69 % T, XHHAX D 0.08 % & Y K& Dodz, MIRLBEZIT > 72K B L7z 187Cs @D 96 %L B1x ) #— & 1
TH Y ZNSITRBRE R IT TN L > THEX 1D Sz, HEE IR SPITHRMI A~ LTz 137Cs O ) BAEITIRIN S e
WATFRED TR XX C 9.5 Bg/L THh 2 DIZxt L, L-FJERER T 3.6~6.5 B/, L-F-H ERERXT 2.1 B/l &K L7,
¥—J— K @EEHFAEEANEY, O, MER, Mttt va, ZRBER, HEEA

YAMAMOTO, Rie, KOBAYASHI, Tatsuaki, EBATA, Chisa, SHINOZAKI, Keita, KOJIMA, Daichi, OTA, Shoko,
MIYAMOTO, Ururuma, TAKAHASHI, Terumasa, SUZUKI, Hiroyuki, SEKIZAKI, Masuo, HOSHIZAWA, Yasuhiro,
KOTAKEMORI, Toshihiko, YASUTAKA, Tetsuo and TSUJI, Hideki: Radioactivity reduction experiment and the
subsequent erosion in broadleaf hill forest after Fukushima I NPP accident.

Abstract: O horizon removal experiment was performed in broadleaf hill forest which had been extremely contaminated after
Fukushima Daiichi Nuclear Power Plant accident. Soil 137Cs decreased to 13.7 % and air radiation decreased to 47.7 % in
L-F-H horizon removed plot while air radiation dose decreased to 73~76 % in L-F horizon removed plot. After the removal
treatment, 9.65 % of 137Cs in forest floor had been washed away in L-F-H horizon removed plot during about 5 month. It was
0.64~0.69 % in L-F horizon removed plot and 0.08 % in control plot. More than 96 % of these flown 137Cs erosion was trapped
with fence at the bottom edge of plots. Concentration of dissolved 37Cs which is taken into plants easily was 9.5 Bq/L in control
plot, 3.6~6.5 Bq/L in Li-F horizon removed plot and 2.1 Bg/L in whole L-F-H horizon removed plot.
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Fig.1 Plots and the structure of surface collection
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O % B U TR 2 32T 5 72 DI I3 AR o 2k A
RER N DIEBR-CAME T 2 5- 2 D B DV TRA IR
TEHENBEND D, AT, EREMAIEICHSE L %L
BER — ~ Y IRASHMMOF TR LT U ¥ —BRESE O MRAH 21T
W, ENBINTA~OFHINZ G- 2 DB OV T EITHRET LTz,

2. RBMEATRE

BRI X 1A S IR EEAR ) RAT LK R X O SEE 3T 5 5
FAICRR T 72, RIMIKIT 187Cs DOFIHITEE R 600~1,000
kBa/m? (20114 4 A 29 A%k 9L S AHIET, Fik
FH TR EE XIS PR B S L7 2018 4F 8 AL —#i & bR\ T
BEEEFE RMEBR IR I SRR E ST\ 5, AR A & ORHE
HT, BEO FMwAKREFROZ S mic#E L TR0 iES
580~600 m, E¥MEANT 31 °TdH D, =) T (Quercus serrate
Murray) 238 53 2 % 3R EB AR TR BEE T <
(Pinus densiflora Sieb. & Zucc)2MERZ LT\ 5, HHLIET
WEF AN B AWV EE O R IREICRI A S T
D, BRERIZAT 30 FERREE L HEMI S D,

2.1 HBRXOHRE

FepE st o B30 5 FIREIm O i E TERITIED N —
T2 X920 9m, BHEE 35 m ORERX A~D %572 (X
1) . RERO T, ERHHEIEAORY =27 L8l
ReAs OBAK~ > b E2RRANC T U2 AT GRS
2013) Z#EE L1z, A5 OMPEFTIC R EROBIE & 1
BY I NORRE T 12,

ARXIIXBXE L= B~D K CIZETRFEZHNTCL)EE

FEO—iEZkRELEZ, BRTIIEICEHHERCFEOEY & H
BEHEEY, ¥—~o A —% (FLEHEEASHT NHI2)
(2 & B EMEmIGYBEIEME 3 Balem? LLF & 725 £ THVE /8
O—HHIV -7z, BB ThRELEZLFEIIZLar Ny
Z\ZEED CRIE FHFICEO L7223, @ ChrE L7 F-H 8
B & O SRR A7 IR A B, SRBRX & o MICIE
20 cm, YEX 10 cm 2% O [REEE 2 HRHI L7,

TS ] & vCs OWIHHE D=, B - C KITIIARE
HERR L N— % 2 T MR 101 TIRA LFRIE LA
T2 (AAREARE H: ATV) &5 m Z L ICiiRIceRE
L7z, RBRIX DR EEIT 20134 6 A 28 HIZBMBL 7 A 2
AIZ5ET L,

2.2 FTHEHIE
2.2.1 ZeRIMRER

AREALERRTO 2013426 H 28 REEZKHO 7TH 2 H, K5
r AREHD 11 H 29 HICy v FL—va i —_gf A —%
— (A7 mH AT 4 IR SHTCS-171B) 2 HAWT
HEBEXNORE EFE T HFTERENS BUEEDOKRA > N T
HFENS 1 m DOE S OZEFBEREZE LT,

2.2.2 THESEE

MERALERR OO 2018 4F- 6 A 28 H & E#% D 7 H 2 H (A XKLL
), K5 ARE®%O 11 A 30 A~12 A 1 AT KRB 28
EHWT, VX —2E5e#ERNSK 30ecm DE IO L
Z A HRBRX T 5~10 fHERI L EBREBIZFE IR o7, o7
TEFTOEESEL, UTIEL/E% 0~1cm, 1~2cm, 2~4
cm, 4~8 cm DIEXZ LT 7=, =% 7 i 80 C
T 72 B L%, MEIECTBIEEL, TheEhiat
fit& U-8 FaHCFHE U CHURE R IE LT,

2.2.3 Wi

TH2EMHL12H1BET, 1HZLEZREAL LTATLH
M EoHEREMZBRBL, BERASWEEA BN LZ, HEY
U Z—L TN CHRCESZNY, —HzEREIC
FEHIF- T 80 CT 72 WrfMRLl: L7ctk, BWIE R /2 5 &
I ILER T LA UAF & U-8 ARSI L CIGIREZ JIE L
Too RHAIL7Z D #— & RO HE EICK L CRERHOTE 9
mXFHEE 35 m 2R E L THEMH - VB ERHE g/m?
FRIEL, WETHLNZ BCs BEZFECCEHBEHZY
137Cs it i Ba/m2 Z 3R 7=,

HHZ AW 2K~ > MIEERERIE TRRC 2 FF B IR o 72,
KX OB~ > MEIE 3 m THUF, TN O gy Tt
& RS, E O OBEN B ENEI 1T 10 ecm 105
WCHI B CTH N ZRFBIRY, BERES ecm OMEE 41
B LT U-8 Fao sl LI 2 E L, JIE L7
XA ERAEEIE P RATTD 10 em X0E 3 m DT U 7 OfHE
i, ZOLTFX3m D= TIXZNZHGT & B o
B LTEATTEL (K-2) , EKk~y N2 KSHE
HEE L2 Bt O mAE CEl - ¢, RBRHmESH 72 0 o
L72187Cs D H bk~ MIFHEINTZBEZFHE LT,
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Fig. 2 Procedure of calculation of 137Cs on the non-woven
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2.2.4 HFEIR

TR T 5 2 MHZ i - CTHEAIL, 180 cm ORIl % R E
U CHit & amits U 7= i im &2 55 K L7z, RIS — A 28 L,
FRMIMCHEE LT 100 L OEER Y v 72k Lz, &I
7H 28 H~11 H 29 HIZ,MFTITW, BEUT 1 A Z & 25K
ELTHMNZWIEAITEMN LZ, & v 71234 AT KBth
ANZ U FABEE ENENHN 30 g A LEEHORA %G1k
U7z, BREUREIIEM Tk R A seek L, B—ohZRE%
10~20 L 2y L CEREICFE LI -7,

FEDIR - 72K T, KHFO rCs OGRS HE - M T
=XV 7EERBAGCT, #E 1 L/imin Tk L, BEDE
ZOBERL, IRIFREIE Cs 2B L2 V. AT R 7T
oI B T2 T k%, FLBRAE 30 pm & FLERRR 1 pm O%F
BWYERE 7 NV F — U » ¥ (BLT, SS-C) %@ L7=1%,
Csta BIRFICRAE T D TN T 7L — 2 L7 R kA
¥ —hU ¥ (LLF, PB-C) %#i@/K L SEHEHE rCs L IAFTE
rCs ZRIZHfE - IRET 2D TH D,

1um @ SS-C i, 17K OREED BRI & 4585 L 7= 50kt
HARRERIC XD 0.45 pm ORREY'E % 98.3~98.8 %LL LR E
TELZEBREENRLTHE Y,

F 72, PB-C OIEFREGE Cs oEIILRIL, 20 LK,
pH 6~8 OFIFHIZFV TIL, HitiE 0.4 L/min T 89 %, 2.5 L/min
T75 %ULETHDH L, pH 5 U TR LU pH 8 UL ETIEE
WREMETT 22 ERMESNTNE 0, 72, SFEIFEHAL
72 PB-CixiiEa » "AMEES OCHEALELDERARDZ
EDD, FEHL-FRREBTIX 0.5 Limin T 97.5 %, 2.5
L/min T 90 %DEINERTH D Z & PR Sz, —J7, Ak
P FOpHIEY U FAERETM L7 & TpH 23 2.5~5.2
OFFATHA L TN D7, BIEROK FBRMEIN, £
D=, 32 KT 13 BiKIZBWT PB-C % 2 flid#fk: L C#
ftL, 1 DH® PB-C OEMELRE LT, TORE, 7MH
KT 2 DH® PB-C I3E & FIRIERM, 6 KT 128D
PB-C ORI 62~92 % (F%) 76 %) TH Y, pH OiE

WLV EINRMETF LTS 00, —EL EORIRS
RENTWD Z LR SN, D7 PB-C1 DDA THE
B LT ARIZ OV TE, BEMEIZ R L TREIGRO W T
H51.31 R L THHIE LT,

BB D SS-C, PB-C 137 /L~ =17 X BEEB ST U-8
KEOKRIBORECHER, H— bV v PO &ICHE
AN E S EAE (30 pm-SS-C : 0.98, 1 pm-SS-C :
142, PB-CV:13) 2%, £4— U v PHNOEHEED
& L7z, 30 pm-SS-C OHIEMEIE, SS-C H D rCs HE %
B L7z 3 iR ERAIT, SS-C 2 L T U-S AeslC I L,
rCs IR ZEPENE L CHE Lz, 7= PB-C O IEMREIT,
30 pmSS-C & [FHEIZ PB-C O D rCs R E % EEERE LT- 6
MR Z %542 PB-C 2 L T2R U-8 BaIC KL, rCs
BEZESZENEL, XETHD 1.3 LIZIERMETHH Z &
MR L7Z, 1 pm-SS-C OMIEARERIE, ENEAKRER 200
BThD 1.4 HHNT,

72 EOFMEM N LN T EEnR Lize=2 ) > 73l
JKATIZ No.2 JEMkE 77 T —IRFCRBITEE L, FV7-iEHt
1% 80 CT 72 IRFMRZMEE L 7= 12188 Z & A L C U-8 FIRIC
FEHE L, REICHEAEZIE LTI A NT — U v POH|
TERER & Ao CRRIEHE 137Cs & L CREM L 7=,

O NI HRIBOBEHE - REBTED 137Cs JRJE L Bl CTFf
B U7l K BN S L2 137Cs B2 FHE L, NEONE 1.8 m
XA OREE 835 m AL LT 1 m2H7z b D 137Cs
=R Bg/m2 &K b7,

7ok, AWFIEICBT DRI LARWREY 2T/ L~
=7 LE R A (GEM20-70, ORTEC #) T 187Cs %
MELEZLDTH D, BETREDMEITIERIC X D KIEILE O
#L&7- 2011 4 3 A 15 H OEIZEEIHIMEATT > T b,

3. RIEHER

3.1 AHY
OEOBREEETHRAELLY ¥ —3EERTBKX 11.7 kg/
m2, CX 4.3kg/m? DX 3.4kg/ m2ThH-o7, A 1AN
1H (8HM) ITITH1EERE 1 AT 45 L, fEFEZHL
LEE FREORETIZI00m2H-Y 1.13 AT, S+ H
W F-H B LU B oRBHFHEIHY X 242 AT Tho
7

3.2 ZEMMER

RS O 22 MR ERITLHEAT LV {ERL, B KT
44~52 %, C DX T73~T6 %t 72o7= (FE-1) , AXTIE
A B TRABEMICH Y THTEREMIZH L Z &b
VEEF OBLELIC & o THRSAMEDE O T H BB 3L & 72 Al gErE
Bd D, R TRHIZMBEER LV -5~+8 %D TELL
77

3.3 TEEHUE

B X CIIHRAELIC & - T O J8 OREHREN Y R, +
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Table 1 Air radiation dose and 137Cs in soil before and after treatments and at the end of the experiment (mean + standard

deviation)
6/28 (JLEERF() 712 (GLPEE%) 11/29

22 iR AR THEhRE REITh S e TR RE ZefRIfR R THE R hE

(uSv/h) (kBg/m2) (uSv/h) (kBg/m2) (uSv/h) (kBg/m2)
A RbE 7 2.01+0.12 442.4+94.4 1.66+0.16 1.80+0.06 462.6+301.7
A RVE T 1.94+0.10 486.6+229.4 2.06+0.03 1.96+0.06 524.8+124.5
Bt By 1.90+0.08 389.7+129.6 0.83%0.06 40.3+36.9 0.83%0.03 82.4+72.6
B &t N7 1.99+0.08 425.1+177.5 1.04+0.04 72.6+62.7 1.01+0.01 36.9+23.3
C ot By 1.94+0.15 503.0+153.6 1.47+0.15 472.0+378.1 1.560.05 344.8+245.2
C &} N 1.99+0.02 450.7+125.0 1.45+0.07 260.9+73.3 1.49+0.04 310.1+89.1
D & BJ7 1.97+0.08 449.0+114.0 1.49+0.14 260.9+73.3 1.56+0.06 466.8+331.0
D #hii 5 1.95+0.14 286.2+92.6 1.45+0.11 458.8+138.3 1.43+0.04 274.6+150.7

B ORSREIX 10~17 %E TR L7Z (F-1) . C- DX TiX
T TNTEDIELOENRKEL, KT 10 FOENRDH -
7oo ZHUTMIRALERRFICEIRE D vCs 2 & FEOERK & H
BREIL SN BN, REO ETE T DL
C Xi% 477 kBg/m? > 5 366 kBg/m2 |2, D X{% 367 kBg/m?
M5 360 kBa/m2 12 Z - EFURI L TV 5 2 EEIE B KU
RTINS, BEFRICK2REMY TIIEHOFH LW Y & —
BN CTE 2038, SHBREICH VYW ORR LFET D FE
L HREBORWIIREE /- TH D EHZ2BND,
3.4 MHHERES D R & 137Cs

FAEWR FICHHCHERE L2 Y 7 —, B ofitE s 187Cs
A2 #-2 107R Lz, B~D KTt A RKICH_THibE &
N, BRIZY #— L DA TH 950 g/m? L BHETH
Do B XOHEFE LW ORI BEIRIEEIL, 1Cs %< EALEN
HEWMONTND72OICFEH LT 8,688 Bakg &, C XD
46,120 Bg/kg =° D X.® 35,350 Ba/kg & ¥ &ikdro72, L
LtHENZ WO mEEH Y O 137Cs Hit&E & LT
6,322 Bg/m2 & C XL DXLV @< Rotz, 728, BEO
TR FHNIE, RRBR KA T IS o AR ALEL I o D HERE Y
D—EIRA L TWA RN & 2 3R TX T\ ienad,
WRFAMIZ 72 > TWABFREMER H D, WY ¥ —HFICEEN
% 131Cs OPREET C XA 15,168 Ba/kg, D X723 13,780
Ba/kg & A X? 10,5622 Balkg £V &V, ZAUIEMRALER
IR B S IV HIFR 5% o T U REIR E 0 & F-H 23 &
RTVREBOEERBEBES N EEZ NS, HELHEE
To7ZK Tk WCs HHIZE®» D ) ¥ —0EIHIT 7L, A
KTIE3.2%THHDIZH L BIXiE96.6%, CXik74.8%,
D X% 60.0 %X+ L2 DTH D, A XRDOFHRIZEE
THJ 244 Bg/m2 T > 7=,

M LiziEAk~ v MIAFE LT D B7Cs b [ABRIZER
BRHAITH OEEH -0 O EEZ ROz, A K TiX 141.6

Ba/m2 TdH - 72DiZ%t L, BRKT290.1 Bg/m2, C X Tl 836.8
Bag/m2, D X ClE 660.7 Ba/m?2 & ARAKMLEE X CHIN L7273 B
XEvd C-DRTEWVHR & /2o T,
3.2 HiFKHR
8AHSHMDK, 8421 HMB-CK, 9 A 18HMA -
DX, 10 H19H® A+ B+ D K TIEfiH&E2 100 LLLET
B2 BN OERE S 72 0 O HEORHE Tl NG
fli&7>Tn5b, $7-8H21HO DKL 10 4 HDB-C
X CIXTREE 0355 & o 72 72 O BRK B RS2 D 7, ARAFFE T
RAWet=4 1 o V3B IR B RE 2 Bk & THl - TR
EZREHLTRBY, ENRY 7L ETITRRGHEE 257
D ZNH DY T ILIRE ORRETD BERS LTz,
3.2.1 ¥AFHE Cs

B ORTERE 137Cs R C RKARBX & FL%D 2.3
By/L TH 5725, BKE DKiZEhZFh 1.2 Bo/L, 0.8 By/LL
LIRS 2o TS (KM-3) . LI lEIX Tid 1~4 Bg/L O/
TEBHL TVDHOIZH L, WKL EZTTo 72 BRK Clik s
teda 1 Bg/L LLFORWAKELZ > TV D, ¥ 7 bOH
NETEEDE VIC K DIR/NGHIAE E TS, miEd 2 0 =
X AX®D 14.0 Bg/m2iZ% L BX T 1.8 Bg/m2 , CXT4.3
Bg/m2, DX T 4.9 Bg/m2Th-o7,

3.2.2 HRENE Cs

SRIRTHE 137Cs MR & > THIHI DB EN LR/ L=
(¥-3) ., 8 H5 HOEEIZAKXT 3.8 B/LIZk L B XA
7.6 Bg/L, C KT 17.1 Ba/L & @&\ 2%, 8 A 21 H LAKEIT R
X ERISNENLL FICRET Do A5 1L o AL 128
EFEWTHNR2W DXL, 8 A5 HA 34.3 Bg/L & O JE@OKE
FHEBFEL CROK 2B THY, UMD 10 A5 B THEWV
KYED T o IEAFRE & BRI/ NI Cd B SRR B 72 0
Hifld A X 17.1 Bg/m2, B X 12.0 Bg/m2, C [X 21.6 Bg/m?,
D X 82.0 Bg/m? & 72> 7=,
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Table 2 Flow rate of litter, soil and 137Cs on non-woven 18 eearesp | 18 A ——F
=
fabric 16 - eeidee C— 16 A C
TR 197Cs WHRE 197Cs Mt Hi & 14 sesdeeD 14 . 1)
(g/m?) (Bg/kg) (Bg/m?)
) % —litter 30.9 10,522 235.8 12 12 D X 8/5 I%
A 4% soil 0.2 36,500 7.9 10 10 34.3 Bq/LL
Bk~ b
Lf o 141.6 8 8 4
abric 6 \
U & —litter 36.1 7,943 224.6 (]
s b soil 913.4 8,688 6,322.4 4 O %’ 41 @ /\
B~ b 990.1 9 0--..@ _l‘&‘
. . * +* 'k
fabric 0 g E " a. * 0' . ﬂaaaoa 0 \l \J::m
U % —litter 40.9 15,168 417.6 8/5 9;5 1010 11/5 85 95 105 11/
-+ soil 25.7 46,120 1,236.4 \ ‘ ‘ \
C et M-8 Mo 5Cs BIE () WP (F) B DIX8 1 5
fabric 836.8 Ewﬁﬁﬁwwk%W1343&ﬂ,Iﬁ—ﬂ—@PBCkﬁ
) # —litter 54.1 13,780 618.4 DRI F T D MIERBEOBAEE RS
b soil 249 35.350 996.3 Fig. 3 Concentratlon of 137Cs in surface runoff (Left: dissolved
P R b Cs, Right: insoluble Cs) the concentration of plot D 8/5 is
fabric 660.7 34.3 Bq/L. Error bars explain error ranges which occur in
case that the experiment is done with an PB-C.
#-8 RHELLIEH L7z 187Cs OWNER (Pt ERIHVE H & B O TIRICE EN D SRR TR L7Z b D)
Table 3 Amount of washed out 137Cs. Flow rate is the percentage of the gross to the soil 137Cs (right after the treatment)
BREGIH ) mcEHont- HRR
Gross (flow rate) trapped by fences surface runoff HFFRDAR
(Bg/m?2) (%) (Bg/m?2 (%) (Bg/m?)
B BE suspended solid 17.1
A 416.5 (0.085) 385.3 (92.5) 31.1
JBTERE dissolved 14.0
%5 HE suspended solid 12.0
B 6,850.9 (9.649) 6,837.1 (99.8) 13.8 e
ATFRE dissolved 1.8
%A %E suspended solid 21.6
C 2,516.6 (0.686) 2,490.8 (99.0) 25.9 s 1
ATFRE dissolved 4.3
%A %E suspended solid 82.0
D 2,292.3 (0.637) 2,205.4 (96.2) 86.9 o
ATFRE dissolved 4.9
4 =R RTIX 299 kg &7 o7, FEBRTIIA 1 EILLEDO LAY EFHA
W PEWNHER % BB KA A~PEBR L TN 7o 7 DM EERBR S T %
SUBRIE % D ZE IR B A TALBRAT & i 5 & L-F-H R e LT A, BB U EIEE L Cu - iR S,

% (BX) TEHATT %L eoTz0izxt L L-F EORZE (C
*DIX) TIEFH T4.6 % & 7207, IEHDENKE VN 11
W%bikﬁmkm«TLFHF@£1137%&&ot
W% L L-F BOBRET 92.56 % & 72 o -, 2B R A KR
21012 O BEETRET OB GENEE LW, £h
IZ Lo CHAET L THEFEROEITEGE CE 20,

72-2 O B XOFERITRRFHM S LILRWD, FRARTE 1
m2H7=Y 950 g b OHEREM N FAEL, HEX (315 m2) &

0 B %2 THEWMDLHAIIMCTIEORE 21T TikZe < flim
v VT HHET D2 EOERBREIIERNBLETSH D,
B1Cs OHEZHR-3 ICE LD, HMKRLMEEZIT-722 &
TRMAE 22D D 137Cs DOPEHIFIE X, FFEH Cldx X &
ERTCR-DRETHR6R/, BRTIIMN16EE MR-, &
25D 137Cs AT H R A AR E S (A KIZAER) 3
o 137Cs JATRE THI - 72 i 2213 A X .0.085 %, B X 9.649
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%, C X 0.686%, DX 0.637% T 5, rCs DUHIILEEN
X0 EWHIX DA XFFIAROEZE 1 » HHOWHZED 0.058
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