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Study on transport behavior of radiocesium from river watershed to coastal marine
environment and its ecological effects
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The secondary dispersion of radiocesium is important to understand the migration
behavior of radiocesium (134Cs and 137Cs), released from the Fukushima Dai-ichi Nuclear Power Plant (NPP)
accident, in river systems running through the areas with widely various radiocesium deposition. This
study investigated radiocesium radioactivity in river waters in Abukuma, Same, Natsui, Niida, and Uta
Rivers, Japan. The secondary dispersion exhibited that total radioactivity of radiocesium decreased
concomitantly with increasing time after the NPP accident at normal flow condition. Higher radioactivity
and particulate phase percentage were found at high flow condition caused by rain events. The percentage
of particulate phase for May-September 2011 was 20-30 points lower than those after December 2011 at
normal flow condition. These results indicate that the supply of radiocesium from the watershed differs
from the early stage up to September-December 2011 and from the last stage.

Cs-137 Cs-134



B X C—19, F—19, Zz—19 (Gt@m)

1. WFEBIAE 4RI DT 5

201143 A 11 BIZRA LT HAARRENL
WES R E T R ES (BLF., B
) OFEHIT., KEOKSEWE M E 0 BREE
Wt & iz, S 181, 184137Cs %%
DR R IX, IR EINEL ORI 5
T HAL - BRSO RHEICh b BEER)E
BREEICIEAE L. URrOKEELMHIC I VEST
b 8 OO R B R T KR AR B S
7=,

IR E P S Y2 o w A0 R L T2k
TIX, A% OBEM., BEZOSMITICLD .,
BB LB e M v A3, —JEL
& L7ZKHE - M - BARLEN ORI - 57
~BEIT D 2 RIGYLIN R AT D ATREME N %
265, BECFN) TAYTERAELE
TR EFTERIZBWN T, e T A
MBIkE L2596 7Y 7). R F v
JIZFA LT, Tit 600 km £ Tttt
TANBE L ERRESH TS
(MEXT, 1999-2003), 7=, 7V 7 FJIl &
KT NTOERBROFELR, WK F DR
FHPEt oo AOEEIL, 1986 0D EER O
R & & b IR AR BB L2 kD 3 B g A A
A STV 5 (UNSCEAR, 2000), = D& I
IZBWT, B OB/ I KO i 6E
RENEL 2D ENR#EIn~,

&R B W THE O MG RO BR
BEA~OEBEEZ DA, TEN S~
BAT, WIINTOZEE), b NIBENL T
7o BB VERE TR O 15 38k T O PR g 5 O FEAR A3
PERAIRTH D, BROFEL EHIT, K
i T AOEEEN B ORISR O
R 2 S LI BT R0 8 % 3
WA T A M ERH B, £, FEHEBELT
OBATEZEE L, DR CORARRIRE L
L OHER, A% BEFER OB RAERER~DE
AL, BT CEA I E N TERVEER
D 1 HOTh D,

2. WEDBEK

fEEFEEERICLVERERICKREEINT
FSHPERERE O Rl & 9n IR T o iR D
B 21T 5 721z, B REE Y & E70
EHRICEE L, LA LIz e v o A0
TS W) ~OBATENRE & W B F
WAOBITEZITET L & L HIC, BRI T
DOFMHE T A OB AT S Z &
H B WFSE & B AR L7z,

3. WDk

BIECBERI ., 200, #rm)il, BHII, @8l
@ 5 I 8 ST 2~3 » H i )[4 %
F2h U7z, BINSIEN 1R, £,
Pt o T A OBEI KIE T RN OB % FT
357, MR TFROEE, T2,
FHINZIBNT, BERZOW)IKERILL 72,
BE 4 SmiEpiE o 2012 4 6 H 19~21 H
WZiE. BTEPER o> 4 Hugs (EFRES - A, o

TEES o ARE., FWES G, AW BT
IR 15~20L £2k L=, REM TIZdH 528,
Bl PR D SFLAR. A, BREJI, FIARJI K
FROFARI < B - 9 BWE) T Sl 1K & £
B L7,

BRHC U 7= 1K, IR CREEDR
# NobA) MU ALVT L VT 4 VE —
(0.45um) = HWWCIER%E, R D Y U E
VITTFUBT VB AIRBIEIZEYD Cs &
ITBEL . AR KK LU i RE LR i X

® /] ] x
69 Sl mrmi
= /\/ s Czsn

/‘} § gwEi
Pz g 4 FONP

" )

LU P\ ‘Q’i#m

LAY i “Y;/m”

11481 /
fl?ﬂ | ! R AN

"\ﬂﬂﬁllll
\

138°E 139°E 140°E 141°E 138°E 139°E 140°E 141°E

M1 SCHEMEEIC L0 AE SN 4 RhfiZe
Bt — < F— B L RE LD
14C0s+197Cs D FFTE ik & ABFTE T O BUEHR L
A (O)

& D TR/ R R R X DRI > o
77 v R Ge PHERMR R Z Wy BREE
W2 K0 IZKH OFEA71E 134Cs, 137Cs Dt
RRIREZNE Lz, 7 4 % — R ORERL 1
RN Uk FRER SR > A DEIS E R
EboT,

4. WFTERRR

20114F 5 A 20 HIZEREL L 7211k 2 Rl E
L7=fE5,. WKH O 137Cs O Feht BB FE 1%
0.23~4.18 Bq/L O#ifH % /R L, f&&EFIEFE
LRI O A« FARJIFRN K O A E L b
RCIHRBESHVMETH 72 (K2), 2
DI D 134Cs/137Cs fhRERE FE LI 1 B
%“THY ., WAELI-EE LERE O/ L —#

2011458 20114128
T- = Fam=
ol G : [}
P P2 L ]
. " N 1;} M?"sN"“ J YUS \“‘mmn’
arn e ) \ \ \\“'4 ’ ; J] 9]
s J o g ; e
urCS(a;L,? 2 \t\ (] Ca(w"’? 2
40 5’\%\1 2 02 5 %\7
¥ LN )\
AR RS
ofet. NS ) [— o ) [

138°E 139°E 140°E 141E 138°E 139°E 140°E 141°E

B 2 A s T Re iR B oD 22 ) o3 A
OB R TR OEF X BRI G O W) %
R 1 BRI (RS B, ARE ., JhE,
AR, AW ;2 FE) ;3 FHE ;4 ZI)I
5 I, 6 AKEN ;7 BREI ;8 FIR)I ;9 &
JIL; 10 R 11 8 7 ,



T BHZ LG, 184Cs & 137Cs D KERGT 3G By
FREHHELEEZOND, SAORHE L
Tix, R ofmskic SiEEF 2373 28 H
T OB AT HE T 1T RO B RE IR
THY . FIEE) LR TIEEbEVETH -
oo TNHLORERIE, mERANERRETED
1B7Cs DIEF KM E —FH L Tz, 2011 4 7
A 12~13 HOHJIK O ERE F1L, 137Cs D
T RETE FE Y 0.064~1.54 Bg/L.9 A 12~13
HTI% 0.019~0.79 Bg/L. 12 J 7~8 HIZ
0.011~0.19 Bqg/L &, EREUEHIZ v 137Cs
D IS BETR BE 1T E) L7228, I D22 [ 4y
FiTHEFE SN TV, ZhboZ ik, Wl
PRI D' > T A DU E DK D
KD 137Cs ST REIR FE &2 3Bl LT\
HEEZEZLBND,

RERHINE K D)IK D 137Cs fh e
OEEMEN A ST B 720, @RS
D 2011 £ 5 A5 2014 £ 12 HETO
BT — 2 &bt Uiz, = ORER, Cs it
BRI, FKERICEERIORRE & & b IR
BB T 2B H - 72, K 31T,
HHREIRFE L~ L D B 7p 2 Pl i BRI R i
A FE)IL BN OBRRER 2R L,
BICs HSH R IZRINC X 57 1~2 Hr o
LRBOHEND, ORI, BRI E
. BERRE & & b )Rk A S0 [~k
WBENDHEMEE Y 7 L 0MERNED L
TWAHZ EEREBELTWVD,

o 2 2012 2013 2014
3 Y
g AN !
i A
1
00
o 0.1
£
~ SRR
2 001
) ’ )
38
0.001 575 5 10 5 10 5 10A

3 BRI (PO EHEO)  #TH)I (@),
HH)I (@) 125 21K H Cs Jisks
HEIRE DA E), RENIRENA ~ b,

—k. SR END Lo, BRMRERICIE
XV AT G RB IR B S B HE I L T w
7o BEROEELZEMIHMHTT 5720, XK 4
1213 2011 £ 5 75 2013 4E 1 A £ Tofif
BRI F ek 0 )1 KAG & 2 DI fE o K IE
BIZH 1T D 137Cs HGTREIREE, BB E|
A, BEAZR L, 20124 6 A 20 HRHIC
H B G & Ml L7 B 4 51X, fEERANT

70~90 mm OFENEZ L L-, &R
% OWNFRHAE R BRI L 720)IKIE 6 H 20
HIZ 3.58 Bq/L. 6 J§ 21 H T /KB~
TEW 0.59 Ba/L OMEREIRE TH - 7,
Fo K4 lRENTZL DT, 201243 A 5
HICE BRI Y T 28.0~49.0 mm D&
DB S - D 3 A 7 HO 1B7Cs 2t hE
1% 0.55 Bq/L, 201245 H 3 Hv6 4 H
({2 40.5~119.5 mm OERAFELE-EED
5 H 5 HIZ1Z 0.36 Bq/L O el B 2 3+
L. 201248 A L 11 A OBAMEIZ TR
2~ 3fEEmWMETH - 72, & HIZ 20114 7 A
9 HE 11 HIZENLUH 2 BB THIZT To
SRR 72/ (6.0~17.0 mm) DENFED
2011457 A 10 HOKIEAE, 7H 13 HoZ
JIIRHKE TIE 1.14~1.20 Bg/L & 2011 4 5 H
TR 2 5@, 7 A 13 HOZJIIKRKE
WA OKIER () (280 5 CHF A
DE=HF Y 75T —HTiX1.04 Bg/L. Lk
DO FECLTTICALE 3 5 Bl A KRG i 1.95
Ba/L OBEHRERENHE I N TWD, Lo
L. EROEEN/WN 201146 A5 HE 8
A 3 H Tk, FIAEAED 1.18 Bq/L %\ T
1 Bg/L ORHBRHRLU T CThHoT=, 2F Y,
2011 4E 7 H 10 H & 13 HOBIHIRERIX. B
WOREBLZ T TEWVMEZRLIZEEZD
ns,

7B, WINC X0k S D e v
LDOFEFRIEX, RMICE D KELS L LT,
TKERIZEK I DRI 7-HE 137Cs OEIAIL 61~
89% Th > 7= DITxt L, BEKHIZIZZE DEIS
FELSHEIML, K 99% 08K Fies L CfF
TE-BITLTWDZEBRHLNE 22T, &

w

=y v v
T (a)
a
£ 2 A l
Al
=2
£ b
&
4
Ay
[ Py S o . n
<100 . -
9 (b) . .
£ g0 .
S o © . o o
1%1 60 . oce a
L4 ° .
& 40
20
0
1000 -
(c)
~ o ®
2 100 .
z .
@l 3
® 0l® o * se « o . M
o o o
1

56 7 8 9101121234567 8 9101121234
2011 2012 2013

4 BRI 1 IR H ¥7Cs 2k hE
(), BRERE Y Cs bTREIRE (b) & B
(0 DZEE
@ SRR i E T OB KA I2
AT — %, OIMRE (RIEMG
Sakaguchi et al., 2015), /% Tujiet al.,
2014 DZJIKME. AFSCEHRFEICL D
KIEG & Pl EAS, REDVIZBER A~ b,



D EE, KBRS, YCs &
WA L= g TR AEEOHM, WIRHEREY
O FHIRE ST R RE s, PTCs i
BN LIZZ EREREEZ X DND, [FER
RIBEIT, B L2 TOMINZEBWTHRD
b,

2011 4 3 A ~12 A ©EHI)I & &)1 D ikt
e T LOBIT7 7 v 7 A& RES -T2
FER. 9 AoBRGEERFIZA O 30-50%03
WFIERLTREL L CHIET D2 E RO E
Rotz, DFED | KR FREOBRENID FIE~D
FHHEE LU QIEERIEEREBLTND,

X 41277 L7z 2011 4 12 A LA D 137Cs 42
T RE TR BT & VR I IE AR B (FRESFR %K
0.98) BWHFEIET D, 2F 0, f)IlIAKF o 137Cs
A HACST B 0D 2R Eh LT IR VR R T R R S S
FRE L TEHLTWAZ ENEZ NS,
7272 L. T OFHBAVEIIAE B — R R Stk D
7 r ABITIER D HivZevy, 7B
BREANOFHHIITH®ME SN TWD, IRk
JIID 2012 4 8 A LA D /KERIZ I 1 )1
KD 137Cs ST eiR 1L 0.066~0.17
Ba/L. EAE 187Cs OFAEEI A1 49~74%,
VT HE 64 £ 9% THD, ZDOfEITE 2011
5 Hirn 2012 4 4 A £ TOWKKEDI-H
B (77 £ 4%) [ZHh5 EEHETE Y, bk
FERE. B v U A OB ) R 5 R
—JFUR H % ORI REICE - TR L T
WA RRRMENE X B,

R CIREIKRICL Y 2N ETHER L T
W HEREM DR R S VT2 I - ) AT 1 3
THA L, &SI X s
S B ERERL - DRERINC I T B AT
W ZHER T2 Z & 2l iz, ATV
TAU S WE OV PRHEFEY) THRERL S v, S
YU AOBITHAR T & D R R RL 1 D
HEITBEREZ TN Z e N E
7potz, ZORERIT. WD BRI 2 %
L CRITT D e o 0 20890 Bk~
IS ZEERBLTND, £, Bl
JIOFRAE 2 FhE L= 5, 2 B 5 K% 20
m LA O I C IR 8 O 28 Koy & 5
D, IRFEIZ X DR H~OBE), H 5\
PRI AN IR~ DO BAT R B Th 5 2
EMEZLND, —J7, FIREIA R CIX
TeE OWE LA oA B FEL TV
oo 708, WhERFEROMBEO MRS ME >
v LRSI, ERE 25-26 SR OFIA SR L L
THEHOEME[EL T TH o7,

PLEOFER L . WD © O &
U LAOBITEITEROR AR, R ORI &
EHITHEEBEEMICEIIE L TV D, Bl
BRIC A A T 2 2 E RO E
ot-y ¥7-. BEDO7F v 7 225 LT,
R O %513 <. 2011 4F 9 A OB
1% 30-50% Th o7z, 723, WD BRI

(ZE WG S o IR B R v
LOEEIZOVWTIE, AROBFHRETH S,

<SR >

@O MEXT, 1999-2003, Research Project for
Means of Mitigation on Influences related
to the Chernobyl Nuclear Power Plant.
Ed. Nuclear Safety Research Association,
Tokyo.

@ UNSCEAR, 2014, Effects and Risks of
Ionizing Radiation, UNSCEAR 2013
Report to the General Assembly with
Scientific Annexes Volume I Scientific
Annexes A, United Nations, New York.

(@ Sakaguchi, A., Tanaka, K., Iwatani, H.,
Chiga, H., Fan, Q. and Takahashi, Y.,
2015, Size distribution studies of 137Cs in
river water in the Abukuma Riverine
system following the Fukuhsima Dai-ichi
Nuclear Power Plant accident, Journal of
Environmental Radioactivity, 139,
379-389.

@ Tsuji, H., Yasutakae, T., Kawabe, Y.,
Onishi, T. and Komai, T., 2014,
Distribution of dissolved and particulate
radiocesium concentrations along rivers
and the relations between radiocesium
concentration and deposition after the
nuclear power plant accident in
Fukushima, Water Research, 60, 15-27.

5. F/pFEFKm
UEsEan ) G 710
OERE#h, 2015, BEF—HEFHRICLD

B S B Cs OJIFRIRIC 81T 5
B1T7258). Isotope News, 2015 & 3 A &,
No.731, pp. 18-17. (& % M L)
http://www.jrias.or.jp/books/cat3/2015/7

31.html

®Ochiai, M., Yamamoto, M., Nagao, S.,
Itono, T. and Kashiwaya, K., 2015,
Sediment transport processes in a
reservoir-catchment system inferred from
sediment trap observations and fallout
radionuclides. Journal of Radioanalytical
Nuclear Chemistry, 303, 1497-1501. Doi
10.1007/s10967-014-3577-0  (&FH V)

@ Nagao, S., Kanamori, M., Ochiai, S.,
Inoue, M. and Yamamoto, M., 2015,
Migration behavior of 134Cs and 137Cs in
the Niida River water in Fukushima
Prefecture, dJapan during 2011-2012.
Journal of Radioanalytical Nuclear




Chemistry, 303, 1617-1621. Doi
10.1007/s10967-014-3686-9  (&FHH V)

@ Nagao, S., Kanamori, M., Ochiai, S.,
Suzuki, K. and Yamamoto, M., 2014,
Dispersion of Cs-134 and Cs-137 in river
waters from Fukuhsima and Gunma
prefectures at nine months after the
Fukuhsima Daiichi NPP accident.
Progress in Nuclear Science and
Technology, 4, 9-13. Doi
10.15669/pnst.4.9 (4 Y)

GFEEst, 2013, J)IERE~DOFE LT
RE. KBREEAEE, 36(3), 91-94. (&t
i L )

http://jswe.or.jp/publications/journals/c
ontents/2013/pdf/mokuji_36_03.pdf

® Ochiai, S., Nagao, S., Yamamoto, M.,
Itono, T., Kashiwaya, K., Fukui, K. and
Iida, H., 2013, Deposition records in lake
sediments In western dJapan  of
radioactive Cs from the Fukushima
Dai-ichi nuclear power plant accident.
Applied Radiation Isotopes, 81,
366-370.Doi  10.1016/j.apradiso.2013.03.
073 (&HEHAYV)

(@ Nagao, S., Kanamori, M., Ochiai, S.,

Tomihara, S., Fukushi, K. and Yamamoto,

M., 2013, Export of 134Cs and 137Cs in the
Fukushima river systems at heavy rains
by Typhoon Roke in September 2011.
Biogeosciences, 10, 6215-6223. Doi
10.5194/bg-10-6215-2013  (&HH A V)

(Fa%E) GF 21140)

(ODNagao, S., Kanamori, M., Ochiai, S.,
Tomihara, S., Suzuki, K. and Yamamoto
M., Cs-134 and Cs-137 radioactivity in
river waters in Fukuhsima, Miyagi,
Ibaraki and Gunma Prefectures in
August 2012 after the Fukushima
Dai-ichi Nuclear Power Plant accident.
ICRER2014, Barcelona, Spain
(2014.9.7-12).

@Nagao, S., Study on dynamics of
dissolved and particulate organic matter
in river systems using carbon isotopes
(Keynote lecture). The 17th Meeting of the
International Humic Substances Society,
Ioannina, Greece (2014.9.1-5).

@ Nagao, S., Kanamori, M., Suzuki, K,
Ochiai, S. and Yamamoto, M., Variation
of 134Cs and 137Cs radioactivity in river
waters from the Tone River system
during snow-melting season. AOGS 11t

WL -

Annual  Meeting, Sapporo, dJapan

(2014.7.28-8.1).

@2, &&RNORINKF O EE

U LAORRERER (REGER) . 5 74 B4
Mribseatine TERABGME [HURE & obT
{b—E0E CRERE |, HARRZETFE, #BL,
(2014.5.25).

HHBI - fm L= - BRI — - B REakdh,
fEE R WD E ot O Cs 154
HERE W DR, B AR B2EA 2014
RS, BT U —J, #k (2014.4.28-5.2) .

@ B2 ikt - AR - A - 5 — -

TIARBUE, 2012 4F 6 H OS54 Ol R iA]

JEE %2 AT B RO Cs-134, Cs-137

TG REIRFE D). B ARHER R B E A

2014 F R, M7 UV —F, #ik
(2014.4.28-5.2) .

(MNagao, S., Kanamori, M., Ochiai, S. and

Yamamoto, M., Migration behavior of
134Cs and 137Cs in the Niida River water in
Fukushima Prefecture, Japan during
2011-2012. APSORC 2013, Kanazawa
Bunka Hall, Kanazawa (2013.9.22-27).

Nagao, S., Study on transport of

particulate organic matter in river and
coastal marine system using radiocarbon
(Plenary talk). APSORC 2013, Kanazawa
Bunka Hall, Kanazawa (2013.9.22-27).

@ Nagao, S., Kanamori, M., Ochiai, S.,

Tomihara, S., Kirishima, A. and
Yamamoto, M., Transport of 134¢Cs and
137Cs in river waters from Fukushima
Prefecture in Japan during 2011-2012.
Joint Assembly of IAHS-IAPSO-IASPEI,
Gothenburg, Sweden (2013.7.22-26).

FRIEAS - Ml B85 - YA -
A B, ISTJCIEJKJ” T‘éiﬁzﬂﬁ@kx?
LDOATI &iﬂﬂﬁ@%ﬁiﬂuﬂﬁ H A
HRESERIEHE S 2013 RS, HEA v E,
HiE (2013.5.20).

@ Nagao, S., Kanamori, M., Ochiai, S.,

Tomihara, S. and Yamamoto, M.,
Transport of 134Cs and 137Cs in the Natsui
River and Same River in Fukushima
Prefecture, Japan (i) . 2013
Taiwan Geosciences Assembly
(LOICZ-Land Ocean Interaction in the
Coastal Monitoring) , Taoyuan, Taiwan,
(2013.5.13-17).

@& Zadh - SRR - BRI — - VE S -

IIAREE, 1% & o 7Bk O EE—i
Pt o SO0 B DR HNC T 3
—. 2013 FHAMFEFZREFEEFRE TV VARY



7 THRAAKRERIC X D BB
Ye o HEFEM) OFKIZIE D ), BEIBERY:, &
o (2013.3.25) .

@® Nagao, S., Kanamori, M., Ochiai, S.,
Tomihara, S. and Yamamoto, M.,
Migration behaviour of 134¢Cs and 137Cs
derived from the Fukushima Daiichi NPP
in river systems in Fukushima Prefecture,
Japan after a heavy rain event. The 9th
FEast Asia International Workshop on
Present FEarth Surface Processes and
Long-term Environmental Changes in
FEast Asia, Kobe University, Kobe
(2012.10.8-12).

D Zadh - &ARIER - RS — - SeRJEH -
WA - KB, @ - K TSR
(ZB T DINUKDBEEE > 7 L D6
REE. 2012 BSHEPES, R TR,
HOE (2012.10.3-5).

O AR M - BRak - %A - [IARERE,
R R BRI 35 0T 2 Bl B TRT ) 1 K oD kit i &=
LU AOBITESR. 2012 ELFES, '
HTHERY, Wi (2012.10.3-5).

WM, &I ET 58t Y
LOBATENRE. 55 61 BISHTILFAE S NBHKR
My WY T N TEERIENDE XD ITH
e, SRR, @R (2012.9.19-21) .

OER#D - m—1 - FFEkEkR - B -
AW - RS - B)IF— - EEEHR - 1L
ABUE, HARBDWEREIC I T D
v U LAOERE (KEGER). 5 61 BT
(LR BRI R S, SRR,
4R (2012.9.19-21) .

@ Ochiai, S., Nagao, S., Yamamoto, M.,
Itono, T., Kashiwaya, K. and Fukui, K.,
Deposition records in lake sediments in
western Japan of radioactive Cs from the
Fukushima Dai-ichi Nuclear Power Plant
accident. 6th International Conference on
Radionuclide Metrology Loe-level
Radioactivity Measurement Techniques,
Jeju, Korea (2012.9.17-21).

@ Nagao, S., Kanamori, M., Ochiai, S.,
Suzuki, K. and Yamamoto, M.,
Dispersion of Cs-134 and Cs-137 in river
waters from Fukushima and Gunma
Prefecture at nine months after the
Fukuhsima accident. ICRS-12 & RSPD
2012, Nara, (2012.9.2-7).

@ Nagao, S., Kanamori, M., Ochiai, S.,
Iwata, K., Tomihara, S. and Yamamoto
M., Export of 134¢Cs and 137Cs in the
Fukushima river systems at the heavy
rain event in September 2011. 2012

ASLO Aquatic Sciences Meeting, Otsu,
Japan (2012.7.8-13).

@ Nagao, S., Kanamori, M., Ochiai, S.,
Iwata, M., Hayakawa, K. and Yamamoto
M., Migration behavior of 134¢Cs and 137Cs
derived from the Fukushima Daiichi NPP
in river systems from Fukushima
Prefecture, Japan (J&iEE v 2 >). HA
HIER SRR AEA 2012 FE RS, SHEA vk,
#iE (2012.5.20-25).

(X¥EF) G 110

R, 2014, 5.2 I~ CTO Bt
Pt o0 A OZEE). 135 R FE SR BEE Y (R
F P EEE - KIFFIE - fRRETe - BES

—) W, BEKFMAMR, HA(, pp.103-106.

6. HWFZERERE
(D) Wik
R @b (NAGAO, Seiya)
SIRKF - B H ARt v & — -
%
MaeEEKs: 20343014

(2) WrgE sy
A B (YAMAMOTO, Masayoshi)
SIRKT: - BB ARt v & — -
iz
FeE®FST: 10121295

f&+  F=4 (FUKUSHI, Keisuke)
SIRKF - B3 H ARt v & — -
WA=

MaeEEs:90444207

Mg B (KIRISHIMA, Akira)
WAL KRS - oo R EFIEET - HEER
s ®&ks 00400424

F: I [ER (INOUE, Mutsuo)

SIRKF - B H AR st v & — -
B

MieEEKs: 60283090

(3) MR FEE

(4) W9t 7138
HJF  EZ— (TOMIHARA, Seiichi)



