Vol. 44 (2007) : KR T IR RATER
EYN
s X

FxIV/ T4 VRFHEERERICKHEEREERICHITS
BEHERIEDEE & 537

HEWF, RIEWE, Mo & AR & LERT

Movements and Distributions of Radionuclide Released from Chernobyl

in the Biosphere of Biwa Lake

Taeko KOGA, Hiroshige MORISHIMA, Hiroshi KAWAI,
Yasushi NISHIWAKI and Sohei KONDO

ABSTRACT

On 26 April 1986 an explosion occurred at the Chernobyl nuclear plants in USSR which led to a global
dispersion of radioactivity. We prepared the environmental samples collected from Biwa-lake which is
the largest lake and located in the center of Japan. Radio-activities of the samples were measured in
order to estimate the radioactive contamination in Japan. |

1) The radio-nuclides in the water residues collected after one month of the accident were I-131,
Ru-103, Ru-106 (Rh-106), Cs-134 and Cs-137. However, after half a year only Cs-137 was detected.
The concentration had been reduced to less than one-tenth of the initial measured value.

2) Radio-nuclides detected in the bottom mud were Cs-137 and natural radioactive nuclides, i.e.

" K-40, thorium decay products (T1-208, Ac-228) and uranium decay products (Pb-214, Bi-214). Cs-137
depth distribution in the bottom mud showed a maximum at 10 ~ 20cm under the bottom surface,
especially high in the clay-rich mud. Most of the Cs-137 concentration are estimated to be mainly
due to the fallout before the Chernobyl accident, because a little of Cs-134 was detected in the only
surface mud. It was reported by L. Devell et al.¥ that the Cs-134/Cs-137 ratio originated from the
Chernobyl accidemt, was 1/2 at the accident.

3) In the lake organisms Cs-134, Cs-137, Zr-95 and a trace of Ag-110m were detected. Amorig the

Call samples; Cs-137 in the flesh of black basses showed the highest value, 2.0Bq/kg. Existence of
Cs-134 shows that a part of the cesium originated from the Chernobyl accident.

4) The concentrations of Cs-137 in the flesh of black basses and carps were 2.0Bq/kg and 0.37Bq/kg
after a half year of the accident, respectively. The Cs-137 concentration of black bass decreased to
1.45 Bq/kg after one year, 1.1 Bq/kg after 2 years (June 1988), and 0.50 Bq/kg after 5 years of the
accident. The apparent effective half life of Cs-137 in the flesh of black basses was estimated to be

about one year, although the radioactivity of Cs-137 was not measured for the identical fish.
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LK. V. FEOKSERICK S LEDNBET
MOEENETR> TR ETFREEINBEH, Cs
—IUPRIENTVB T EHBEF 2V T
RFEORETYNCHRS 2HEN. BEMICERT
DEMCEENTVR L BbNn3, 1 EIC
BIAFAETRHS N KER, HENEVE
BHATHBCs—137, Cs—134DH L Tx->THD,
Ag—110micDWT, EMOA. T35 v 78X
AR UKEIIC, FfE 1 FRICKRBETATY
Zh, EE0.1 ~ 0.3Bg/kg & B TLUSHKRH X
nTWAEV,
2)  HYHRBE AR ORREEE)
BEEREEIC 31 5 Cs— 13TIRE ORI LS &
Fig.8ic. MBI EEWABTOEREL 0~ 2cm
ZDWT., EVDVWTWEAIEE (FRER) D%k
HEEYODBEETRLTWVS, HiBHDCs—137
B 6 ~ 18Ba/kgDHIH T, Fi9EI2Ba/ kg TE
LT3, BKAILDWVTIR, 75w 1A,
TFFICODWTERAZRANED, BiEFEEE
I3 Z N ZN2.0Bq/kglk U0.37Bq/kg T H > 720
TS5y ZINADCs-13Td, 1 F I3 1.45Bg/kg
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Table7 ESZSHEMOBSERERE
(19864E12H 4 H) (Bq/kg)
P % & Cs—137 Cs—134 Zr—95 Ag—110m
AI&H 2.01+0.03 0.74+0.02 N D N D
TS5 IINK .
g5 % 0.7940.03 0.28+0.02 N D N D
AI&ER 0.3740.02 0.096+0.016 N D N D
7 F .
B & 0.21+0.02 0.08510.028 N D N D
B (&M 0.07940.016 N D 0.3040.09 N D
7k =1 1.740.06 N D 1.140.24 0.31+0.02

Lixh, WYEBRDOBEEDTO%, 2 F£%0D1988%E 6
Bicid. 1.1Ba/kg. 5 F%IC130.50Bg/kg & 1E1F
VA>TV, b BAAT T ZIRIEHD
Cs—13TEE XA CEEIC DV TORE TId AW
DTEBOEKTOHEM LI EEZVH, BH
UE. BRMEEEEXIZIE I ELHEEINDE, T
FIOVWTRETFESDEHNKREZTVHRMER
Ty HERUKEZ YO ETHofoh. R
Cs— 13T OBEICIE 5D EMEFEMITKEL
EHLUTVBED, BRalcBMERERUz, KE
(VaE) IZHEHEERTHZMN, FHETHLT
578, ZFEELOE L FBMNIREICH
D, EREENDIELED., EYEEHEOREE
D, AFCETFBENE . BRIENLH
EmEeRLiEbDEBbhs,

3) EYOBEIC K 5EH)

Fig.12ic A BERE £ DCs— 13TIRE D E B 2 18
FRAITR UL, chickd e, 75w IR,
ThV—F), KEDBRENEL. BEOKN D
. B - WETH o, B 2SR50
AHAT, B - BEIC DN TDCs— 13THEEIRHK
0.05Bq/kgt Fiff2 1 FEXETRBRHUETATWVE
M, DIBRHBRUT b, BEicid e < it
ENZDoTee BANDED AR, BEZDRNT
EWg I olze THICDWTIE, REEY DI
BSEEE T5REDRD., EEESHRTY
DTEEWIEEDbNS, Cs—13TRBEDE - &
BT T Sy JINRIE, SEEFERL 2EMD
PR —EBMENE R, BRI 2EELZNT
B, HEHERREREEZE LIBBE B> TW

5 5(Ba/ke) (Ba/kg)
B T59 YR (A E) 25 -
Sl apitont -3» £ V(B H)
Y . B
875 (W)
L O 7F (R a
1.5 1.5 |
s uIH(B) s
i ' |
] ]
E [
o5 I 0.5
0
12 5 1" 6 12 6 12 5 12 5 H 6 12 6 12 5(A)
19864 19874 190884 19804 19904 19864 19874 19884 1989% 1990%
Fig.12-1 AfEhOCs-137EEDRSEE) Fig.12-2 fSERDCs-137EEDIZREE)
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EZIZDWT, Cs—I34BEIR. W, BEICmHE
. KB BRHE R o T,
4) EMBEADT
TSHERBDEA S IC DN T, RETIRA.
B, HEOETSRIC DI RIE LR, Cs—
137, Cs—IMBEVTNICDOVWTE, WE. &
. NIEEOIEICEA T 2 EENH 5 (Fig.12,
13), aA. T7F. TS5V INRR, T—F)ViC
DT, WERD, Cs—I3THEER, BE0K 2 &
DEEERLUIZ, L L. BEAOHEITEL R
DU, 2 FRIIIBRHBRUTIC R /2, BEO
BEE. NCB 2 BEICHNS LETEVE
MZ2R L TNED, EERICEERSRICST BRIC
ESLTEHRIBTVIRL DD EROND, Wi
DOV TIE, BFESDERKENVH, 7F, 7
T N E N, MISIZIERHRRLLT
T, BHOWMDAICXDEEEINTVE EEDN

(Ba/kg)

BT S59 18R (AER)
8759918 A(AfR)
a73vYRA(R)
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%, Cs—I134BEX. Tua, 7Sy FNRA, 7
FORE. BFCZ I RHEE N,

4.4 HKEMIORRGREK

Fx IV /T AV ERRERIC X O B E NI
BIEBDNCs—13TH, BEMICERT BPKEMIC
B DAENZERE, kTS o Fo—
BT S VU b R, B K IE— R
HERENEZ 5N, TT T, WKPOKREHEZE
BECKTT 24P OSSR HEIERE O Z RS
T el X /KBEMIC X 5Cs—13TRIEDEIS (B
WRED ZBRILTe, FxIV/ T4 VREREHRICK
D& N iEHERRRER. 5 A 4 H. BAICHSK
LEaEzZRL. b ASHIZE 2D¥—I &R
BIRLACEALTWE, 1 ¥ HTHETOREEEL
rolz, BEEMKF OB HEERRICCs—1371&
b ARICERELED, BRI L. 1 £TI/10&7%
DIRZICEHEIOMBICRE > TW3, 1 EZOMKH
DS EEREICNT 28KkEY FIEED) Fo
T AL TR IR R L 2 B MR R % & L CTable 8ic/R L
2o THUCE B E. Cs—13TCDV TR TIETH
BIBL, KATIE, Eoa, 799 IR, T
W—F)I, a4, 7+ B (41HA4) DIET/IEL
o, TS5y IR, Fua, TI—F L1000

Table8  EEEMLEY (AR OBMEEAEHK
% &

£ Cs—137 Cs—134

£ o o 2500 1500

75w 7NA 2300 (1200~ 4300) | 1900 (740 ~ 3900)

T—FL 1600 (960 ~ 2200) —

7 F {850 (700~ 940) —

a 4 | 640 (220~1000)| 390 (180 ~ 530)
=1 140 (100~ 170) —

7k | 1100 (160~ 3700) —
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~ 4300, T, 771200 ~ 1000, EIEL . 100
~ 17027857z, IKEIZDWTIE, 160 ~ 3700%7R
U, FHEEIRLII0E To Tz, TNDE, BEWO
NV Y TS RLNVOEEICDOWT, Cs—137
DEMARBLLETZ 201 iimd. BEICE-
TRELZH LTS T BB Nz, BRER
FEICE DR EN DO HEE R OERREANDE
BRM5 LTOREEY L UTRIBHEREROREN
EMPLEENDZNT S v INANENTHS LED
N5,

5. ¥&

F IV T AV ERERE. 19865 4 A26HICH
AU, ERNTHEEOBSEEERE 725 Lz H,
HIEH K O KBRHIE R O H AR T ORIE i hi
B9 % EEWEREIC BT 5 BEHHEOBII R U
RREFICDOVTEHEL, XROBREE LT,

1) —RICETEZRAET Z/KBIED oKL L
T HROHRIZMBEL, BEA—RKEWHTHS
BEMEBO. EZH L 1 m OBk DT
FERAEREDN 5. Cs—1370R F&%0.15kBq/
m? e HR L, BEARTHEEHRELS —HL, B
AAN_ENOHE AL DS FREHET 5
TeODRELE L THEETHZ LEDNS,

2) ZESAPVREEERICIE. 5 A 4 HICEENEN,
F V) T4V ERERICHR L TREBE MK
%a"fi—t*%ﬁci\ I—131, Cs—137, Cs—134, Ru—
103, Ru (Rh)—106, Mo—99, La—140, I—132
BET. M1 7y ABRICEWTNERHBEFRUTE
Tolz,

3) EEMKCOWVTIE. REK L m¥ZREL,
TOCEBBEL. ZEWMCOVWTHEL, ¢
1 7 A#%ICI—131, Cs—137, Cs—134, Ru—103,
Ru (Rh) —106, 7 &WMH T N7z, Cs—1371
FEiE. 41mBao/ £ . HEBDEECs—13TDH LD,
EIF/10L T CTEREER R U, BTER. FigL

IR ZIRTF ISR ER

HIOWEE. 0.2mBy/ £ 1A Uiz,

4) HRDCs—13TREOEE S IZ. BELX
D10 ~ 20em CREEZ R L Z OBEIIM L5
DEVFITEL., BATICKD 2 FOEEEZRL
720 TORBLL D10~ 20ecmPDCs—13TEEIL.
F IV T4V FREERET ORGSR T ORE
KEBEDEBDNBZN, ThiZF)V/TAY
MTYOHRDCs—134 / Cs—137ELMN 1/2TH
BTENDEZD L. ERBOHIEHNDCs—134
DUWENDIRNT L LHERIEN S,

5) BEBEWICERLTVLREYICIE. RERK
Cs—137, Cs—134 KU Ag—110m A HH 1,
Cs-13TIRE . 7T v 7/NADRWET2.0 Ba/kg
ZRL. TOMICHEAN 1 FE45£I1370%. 2 £
50%. 3 fFE%ICIX0.5Ba/kg. 25% & iRERAYIC I
LT3,

6) WIKHIDCs—13TEEIT X T B AL O M
thEBmERE L TR L, TSy IR, EOO,
T —F)VIE1000 ~ 4300, I, T F 13200 ~
1000, HIF{E<. 100 ~ 170& 7 o fzo 7KEEITD
VT, 160 ~ 370027~ L. FHEEIZ1100& 7>
Teo TR, WEYODCs—13TORMERE L
B95LRIfTE, BECK-oTRELEHL
T3 EMERIE N,

6. SE

1) World Health Organization ; Updated
Background Information on the Nuclear
Reactor Accident in Chernobyl, USSR,
Updated Summary of Data Situation with
Regard to Activity Measurements, 5 June
1986

2) F. A. Fry, R. H. Clarke and M. C. O’
Riordan ; Nature, 321, p193, 15 May (1986)

3) L. Devell, H. Tovedal, U. Bergstrom, A.
Appelgren, J. Chyssler and L. Andersson ;



HEM:F N TAVRFARBREFRICEZEEWEREICST 3 BONEREOES) & 7R

4)

5)

6)

7)

8)

9

10)

1D

12)

Nature, 321, p192 15 May (1986)

G. E. Chabot et al. ; Health Physics, 21,
p4a71 (1971)

M. Aoyama, K. Hirose, Y. Suzuki, H. Inoue
and Y. Sugimura ; Nafure, 321, p819 ~ 820
(1986) .

T. Birf, J. Feher, L. B. Sztanyik ; Radiation
Consequences in Hungary of the Chernobyl
Accident, Hungarian Atomic Energy

Commission, July 1986

FEEANT + BARDH 2 > 2 —Fifd, 11,

p46 ~ 49 (1986)

RIEERFR 5 BatHERIE %S ) —XNo. 1, 4,
7,13, 15, (f) oHit> Z— (1976 ~ 1984)
M8 WMEZERR  BEM—TOERL
& § p240 (1983), Y754 MR, HHS
RISHE, HEDT, ERERPMTH  ERK
ZIRFIAFTER, 28, pT7~ 19, (1986)
K. Irlweck ; J. Radioanal. Nucl. Chem.
Letters, 93 (2) , pl15 ~ 224 (1985)

R. N. J. Comans, J. J. Middelburg, J.
Zonderhuis, J. R. W. Woittiezt, G.J. De
Lange, H. A. Das and C. H. Van Der

13)

14)

15)

16)

17

18)

19)

20)

Weijden ; Nature, 339, 1, June (1989)

S. Backe, H. Bjerke, A. L. Rudjord and F.
Vgletveit ; Radiation Protection Dosimetry,
18,2, 105~107 (1987)

157K ; Radioisotopes, 22 (11) , p662 ~ 673
agr |

KW, SVFTAYV b—=T=a—2X, 2~5,
87 (1979) |
K. O. Buesseler, H. D. Divingston, S. Honjo
et. al. ; Nature, 329, p825 ~ 828 (1987)

S. Kempe, H. Nies ; Nature, 329, p828 ~
831 (1987) |
J. J. Alberts ;
Radioactivity, 10 (1) , p147 (1989)
RIBHEM,, FoV/  TAVDEHE-TEE
BEHOBSRE—HA2EO L ZREME—
TRTEEREHAEMDE (—RAREC)
FRZECRIE &, pl ~ 33 (1990)

RIRTHE, HEDT, ERRTFMI0E  BE
HERBIC BT 2F o)V 74V RFEERIC
& BIMETRETE R, IR ARZEFHAFTER,
30, pl3~ 26 (1993)

J. of Environmental



