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Abstract: Because being paid close attention to environment impact from the Fukushima Dai-
ichi Nuclear Power Plant (FDNPP) accident, artificial radionuclides in the atmosphere, land
and ocean were studied and monitored. The main nuclides detected are "'I, “*"Cs, " Cs and
2], When the concentration levels are measured, the transport path of radionuclides in the
atmosphere and ocean were simulated. The results showed that controlling by climate condi-
tion, the airborne radionuclides released by FDNPP accident reached America via the Pacific,
and then arrived to Europe over Atlantic, and finally transported to China. Over the globe
the activity concentration of *'T from FDNPP accident is in the order of magnitude of mBqg/m?,
and 0. 1-1 mBg/m® for " Cs. The nuclides released to the sea headed eastward with the ocean
current and then would circulate in the North Pacific. With mixing, the radionuclides went
down to 200 m depth, where not very far from FDNPP. In the open ocean far from FDNPP,
the " Cs activity concentration may be in the order of magnitude of 100 Bq/m?®, but most of

waters is in the Bq/m® level, only slightly higher than background.
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Table 1 Decay data of radionuclides detected from FDNPP accident
BR P AR FEH L fiE R (Energy of main ray)/ HB 43 Sk
(Nuclides) (Half-life) (Decay mode) keV (437 (Yield)) (Some references)
SH 12.3 a g~ B~ :18.6(100%) [54]
e 5730 a B~ B :156(100%) [80]
S 87.38 d B B~ :166.8(100%) [88]
89 Sr 50.5d B~ B :1495(99.99%) [83]
9 Sy 28.8 a B~ B :546(100%) [83]
9% Nb 35d g~ B :159. 8(100%) 57:765. 8(99. 8%) [46]
10 Agm 249.8 d g~ B :83.5(66.8%),530.3(30.45%) ; [74]
¥:657. 8(94. 4%),884. 7(74 %)
129 Tem 33.6d g~ B~ :1603(31.8%) ;8 :695.9(3.1%); [46]
W% 4 (Internal conversion, 1T) X:27.5(15%)
152 Te 3.204 d g~ B :215(100%) 37:49. 7(15%).228.2(88%);  [133]
X:28.6(38.5%),32.3(13.5%)
1291 1.57X 107 a B B :154(100%);7v:39.5(7.51%); [81]
X:29.5+29. 8(56.9%)
181] 8.02d B B~ :606.3(89.9%) [26]
¥:284.3(6. 14%) ,364.5(81.7%),637.0(7.17%)
135 Xe 5.29d g~ B :346(99%);57:81.0(38%);X:31(26.2%) [133]
134Cs 2.06 a g~ B :88.6(27.3%).657.9(70.23%); [26]
¥:604. 7(97.6%),795. 9(85. 5%)
156 Cs 13.2d B B~ :341.1(70.3%),408. 0¢10. 5%),681. 6(13%); [46]
v:818.5(99.7%),1 048(80%),1 235.4(20%)
137Cs 30.2 a B~ B~ :514(94.4%),1 176(5.6%); [26]
v:661. 7(85%)
238 Py 87.7 a a a:5 456. 3(28.98%) .5 499. 0(70. 91%) [103]
239 Py 24 110 a a a:5 105.8(11.5%),5 144. 3(15. 1%, [97]
5 156.6(73.3%)
210 py 6 564 a « a:5 123.7(26.4%),5 168.2(73.5%) [97]
1Py 14.29 a B B~ :20. 8(100%) [97]
241 Am 432.2 a o a:5 442.9(13.3%),5 485.6(85.1%); [103]
v: 59.5(35.8%)
212Cm 162. 8 d « a:6 069.4(25.9%),6 112. 7(74.1%) [103]
213Cm 29.1 a « a:5 742.1(11.5%) .5 785. 2(73. 2%) [103]
2 Cm 18.1a « a:5 762.7(23.6%) .5 804.8(76.4%) [103]
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Table 2 Estimated discharges from FDNPP accident

REE TS A/ A Xe)/ AU Cs)/ A2 20Py) / A Pwy/ SCHRk
(Gas/Liquid) PBq EBq PBq GBq GBq (References)

K7 (Gas) 24. 4 [8]

W A (Liquid into sea) 12~41 [1]

S (Gas) 150 12 [2]

K2 (Gas) 1.0~2.4 110~260 [7]

% (Liquid) 5.1~5.5 [4]

A (Gas) 15.3 36. 6 [5]

12.2~18.3 20.1~53. 1

K7 (Gas) 65.2~380 6.1~62.5 [9]

190~380 12 [10]

120~380 6~53 [12]

.5~9.7 [14]
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Table 3 Discharges and the amount into sea for " Cs from nuclear events
FF (Events) Ao ('¥Cs) /PBq A('¥7Cs) /PBq Sk (References)
118 3 (Nuclear test) 948 603 [129]
Sellafield J& 4k B )~ H i (Discharge from Sellafield) 38. 8 38.8 [129]
Cap de La Hague J5 43T~ HE ik (Discharge from Cap de La Hague) 0.96 0. 96 [129]
VIR ¥ DL ) #% |, 3% 35k (Chernobyl accident) 85 15~20 [155-156]
T VE TS K W) b B (Sea dumpling) 78~82 (1]
K 15 1% v 3 2 (FDNPP accident) 12~41 [1]
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25. 42 pBa/m? 10 [F) i 397108 BER B O 1. 17 ~
1704 pBa/m* . WA R B9 W B 5 0F 58 # i iE
A% S O i 2% P TR R IR A R R Y
B (R D TE AT HL ALK T
4.2 WA RIE S K SHEIE

AR s B H AR B R U 1590 A 2 AL
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Table 4 Activity concentration of radionuclides in the atmosphere over the world following FDNPP accident

b X KAt H AR CO3T/ C(3Cs)/ C(37Cs)/ C(13Xe)/ Sk
(Area) (Date) (Gas or aerosol) (mBqem %) (mBgqem?®) (mBgem *) (mBqe+m *) (References)
H 4% (Japan) 3.15—3.19 3 000~5 800 100~1 400 140~3 000 [26]
3 (US) 3.14—4.27 0.004~103. 6 ND~3. 44 ND~3. 40 [26]
Jn% Kk (Canada)  3.17—3. 31 0.01~9.76 ND~0. 04 ND~2 000 [26]
FX M (Europe) 3.8—4.11 ND~6. 0 ND~0. 13 ND~1.0 [26]
LA ESk ND~5. 98 ND~ 945 [134]
(Beijing, China)
o E B 3.17—4. 28 2.4~7.9 0.02~0.07 [136]
(Guiyang, China)
v [ 7Y 42 ND~3. 92 —0.26 ND~0. 31 5 500 [133]
(Xi’an, China)
v [ G 350 A S (AerosoD ND~0. 95 ND~0. 25 ND~0. 24 ND~100 [137]
(Somewhere, China)
o ] 1 g KB (Aerosol)  0.052~5.02  <C0.026~0. 48 <C0.022~0. 52 [138]
(Shanxi, China)
L (Gas) 0.34~2.89
T 0.028~1.5 0.014~0.076 0.014~0.076 [131]
(Guangzhou, China)
R S e (Aerosol) 0.05~0.52  0.036~0.090 0.030~0.11 [131]
(Shenzhen, China)
o [ WL S (Aerosol) <0, 012~1.2 <C0.002~0.5 <C0.002~1.1 [132]
(Zhejiang, China)
K5 (Gas) 4 600
FEA TS 0.014~0.588 0.001 9~1.12 0.002 4~1. 44 [43]

(Taiwan, China)

1 [# (China) <0.012~7.9 <C0.002~0.48 <C0.002~1.44 945~5 500

7 (Note) : ND £ M ] (ND means no detected)



5053

PUPRNITRRER N BF) e o O UR e 1 € I 347

25 5 V5 VR O VR ) ARV TR 1) H AR, H AR AR S A%
FL Ot = 0 A TR R A AR ORI 7R b XU I 1 Ry
[N 37 Sl i e e = = i L N
ARG A B R A % TR O R B
TR VA 2R 45 2 3k ROF VL Bk b 36 KR S
T2 ek KV o 3 3k BRI, SR 5 28 7 W B 58 AR .
BB i R rh — B UT R, i BE B 0 L S M U
JE AL,

R 15 % P 3 I KR TR P 0 T ) B R
o B —EAEE 201143 H 12 H,3 14 H
V5 YA B MRS W AR . AR G AT
WAV 17 H BRI R Z 5 L E M
MALKVGHE.3 H 19 HA 20 H vk & — A4 3 S 4E
0 ) S 5, O LS Y AP B 3k T S A 40 4
WAL .23 H RN AR 2 [ 5 5600 21 4 5 2% e ol
MR B B O s T 27 B RE R E R [ 4R
% R A S . SR R AR 15 K
i 5 A% % OB IO TSRS 1 0 O R R B A b
B, T HL LA ARG Ry S SR 2B I DU R D S
JFJRRTACEsk. 24 H 13 B 78R BR80T
TR 1 X KR W 38 B L 5 ok 1 I R EL A
BT L PN I A5 00 21 4 5 A% F i = 0 I L R
TR R T R Xe AKOF EARME .

4.3 BHBEANXSHHSEZENNES

W5 A Ry A 52 A% H 3l 501 B0 0 T
19 % PURAE HAS AN 2 % YT ALE W0 Y0 At 3890 L 3
AR BB VORER 7R AR 2 4 19 8
B KA Cs 16 BEVRE R 10 mBq/m? , #32
Ve K AR R 1 000 m JFE L Sk s g
TR UUARE R B R EEIR A R IR A A,
A AT B AR W PE Y Cs 16 Wk BE K IR N
0.05 Bq/m’, t H AT 977 Cs AR JEIKEAK 2

MR,
5 #iIBERE

(1) A% 5 ik 25 RS Pl A 5% 0 5 P K OF 42
1o s R B S A L Ol B A it e DX S
KA R A R . A 5 % H e S 2k
B2 Rl R v S = U N £ [ N N N =
B B F R IE B R T e R ERAR T
10 mBq/m® & 4%, 1" Cs #0177 Cs i FE ik K HB
f%F mBa/m’ # %, LLJGW#F5E T7E ol e 22 4
WA H A JE 3000 S A TR T KO AR A A
(% A 3 P e

(2) H A% HL 3t FEHOE — U 58 0 P 7 26
Ui AR BIL 2 A 2 AF 5 L 2 BROR U3 I A ME A
Bz o T PR Al 2 R R B B 2 A AT 58 07 Tl A
TR R AT AR My Bk A e . O T8
D) REUHN TE A {5 % L ol ORS B IS8 R W 7 24 S % 1Y)
WEFET7 1)

(3) % S IO HE = SCHE L B 22 09 S PR A R
S H A CLHIAR DA H AN C R RE.
JCPR 2 2R JFH T 805 0k I 4 33k RS A 3R B SR A
RSB i TUAL B 53 DR M 5 o o 8 S D7 v D
TEREEAE A DN AT D R A S AN, T
FRUR A 9 53 » A8 DIAEL T Ak S 0 B A
Mo TR DTRE Rl T TR AL 8 dL R
TRPREAE TR T e AATT 38 0 K A7 9™ T A
SRR AR ST R A v AT R
o O 7 i

CAD OSSP s 0 ) R P A Tl e 0 e
RO A A IR TR M 0 L S )
Lo BB P —— R0 K - R S 1 0 o i B
LT A 7] R0 2 A e B35 M )+ A 7 0 IR %
T S UG PRSI P A G B 5 52 0 9 AT 5
NP R AR Y CU TSRS .t
A B T5 I H ORGP X DT I TAEE B
T

S 3k

[1] du Bois P B, Laguionie P, Boust D, et al. Estima-
tion of marine source-term following Fukushima
Dai-ichi accident [ J]. J Environ Radioact, 2012,
114, 2-9.

[2] Chino M, Nakayama H, Nagai H, et al. Prelimina-
ry estimation of release amounts of **' 1 and " Cs ac-
cidentally discharged from the Fukushima Daiichi
Nuclear Power Plant into the atmosphere[J]. ]
Nucl Sci Technol, 2011, 48(7) . 1129-1134.

[3] Hou X, Povinec P P, Zhang L, et al. Iodine-129 in
seawater off shore Fukushima:. distribution, inor-
ganic speciation, sources, and budget[J]. Environ
Sci Technol, 2013, 47 3091-3098.

[4] Estournel C, Bosc E, Bocquet M, et al. Assess-
ment of the amount of cesium-137 released into the
Pacific Ocean after the Fukushima accident and anal-
ysis of its dispersion in Japanese coastal waters[]J].
] Geophys Res, 2012, 117, C11014/1-13, doi: 10.
1029/2012]JC007933.

[5] Stohl A, Seibert P, Wotawa G, et al. Xenon-133



348

BeAe o 5t e

537 &

(6]

[7]

[8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

and caesium-137 releases into the atmosphere from
the Fukushima Daiichi Nuclear Power Plant: deter-
mination of the source term, atmospheric disper-
sion, and deposition[J]. Atmos Chem Phys, 2012,
12. 2313-2343.

Stohl A, Seibert P, Wotawa G. The total release of
Xenon-133 from the Fukushima Daiichi
power accident[ J]. J Environ Radioact, 2012, 112:

155-159.

nuclear

Zheng J, Tagami K, Watanabe Y, et al. Isotopic
evidence of plutonium release into the environment
from the Fukushima DNPP accident[ J]. Sci Rep,
2012, 2; 304/1-8. doi; 10.1038/srep00304.,

GEIER A 75 I i 55 B U D
il Cs BB T ). R FRERI S H R 2012,
46(2) :252-256.

Steinhauser G. Brandl A, Johnson T E. Compari-
son of the chernobyl and Fukushima nuclear acci-
dents: a review of the environmental impacts[]].
Sci Total Environ, 2014, 470-471; 800-817.
Winiarek V., Bocquet M, Saunier O, et al. Estima-
tion of errors in the inverse modeling of accidental
release of atmospheric pollutant: application to the
reconstruction of the cesium-137 and iodine-131
source terms from the Fukushima Daiichi power
plant[J]. J Geophys Res, 2012, 117, D05122/1-
16, doi: 10.1029/2011JD016932.
Unno Y. Yunoki A, Sato Y, et al. Estimation of
immediate fallout after the accident at Fukushima
Daiichi Nuclear Power Plant by using HPGe detec-
tor and EGS5 code[J]. Appl Radiat Isot, 2013, 81:
348-352.

Hirao S, Yamazawa H, Nagae T. Estimation of re-
lease rate of iodine-131 and cesium-137 from the
Fukushima Daiichi Nuclear Power Plant[J]. ] Nucl
Sci Technol, 2013, 50(2). 139-147.

Schéppner M, Plastino W, Povinec P P, et al. Es-
timation of the time-dependent radioactive source-
term from the Fukushima Nuclear Power Plant acci-
dent using atmospheric transport modeling[J]. J
Environ Radio, 2012, 114 10-14.

Miyazawa Y, Masumoto Y., Varlamov S M, et al.
Inverse estimation of source parameters of oceanic
radioactivity dispersion models associated with the
Fukushima accident[ J]. Biogeosciences, 2013, 10:
2349-2363.

Koo Y H, Yang Y S, Song K W. Radioactivity re-

lease from the Fukushima accident and its conse-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

quences: a review [ ]J]. Prog Nucl Energy, 2014,
74, 61-70.

Charette M A, Breier C F, Henderson P B, et al.
Radium-based estimates of cesium isotope transport
and total direct ocean discharges from the Fukushi-
ma Nuclear Power Plant accident[J]. Biogeoscien-
ces, 2013, 10: 2159-2167.

Gudelis A, Gorina I, Edveckaite T, et al. Activity
measurement of gamma-ray emitters in aerosol fil-
ters exposed in Lithuania, in March-April 2011[J7.
Appl Radiat Isot, 2013, 81: 362-365.

Povinec P P, Sykora I, Holy K, et al. Aerosol ra-
dioactivity record in Bratislava/Slovakia following
the Fukushima accident; a comparison with global
fallout and the Chernobyl accident[J]. J Environ
Radioact, 2012, 114. 81-88.

Loaiza P, Brudanin V, Piquemal F, et al. Air radi-
oactivity levels following the Fukushima reactor ac-
cident measured at the Laboratoire Souterrain de
Modane, France[J]. ] Environ Radioact, 2012,
114. 66-70.

Paatero J, Vira J, Siitari-Kauppi M, et al. Air-
borne fission products in the high Arctic after the
Fukushima nuclear accident[J]. J Environ Radio-
act, 2012, 114. 41-47.

Bikit I, Mrda D, Todorovic N, et al. Airborne ra-
dioiodine in northern Serbia from Fukushimal[]]. J
Environ Radioact, 2012, 114 89-93.

Doi T, Masumoto K, Toyoda A, et al. Anthropo-
genic radionuclides in the atmosphere observed at
Tsukuba: characteristics of the radionuclides de-
rived from Fukushimal]].
2013, 122 55-62.

J Environ Radioact,

Lopez-Pérez M, Ramos-Lopez R, Perestelo N R, et al.
Arrival of radionuclides released by the Fukushima
accident to Tenerife (Canary Islands)[J]. J Environ
Radioact, 2013, 116. 180-186.

Sinclair L. E, Seywerd H C J, Fortin R, et al. Aerial
measurement of radioxenon concentration off the
west coast of Vancouver Island following the Fuku-
shima reactor accident[J]. ] Environ Radioact,
2011, 102(11). 1018-1023.

Kinoshita N, Sueki K, Sasa K, et al.

Assessment

of individual radionuclide distributions from the
Fukushima nuclear accident covering central-east
Japan[J]. PNAS, 2011, 108(49). 19526-19529.

Thakur P, Ballard S, Nelson R. Radioactive fallout

in the United States due to the Fukushima Nuclear



5053

PUPRNITRRE RS =Y - L T O SR DR e € e

349

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Plant accident[]]. J Environ Monitor, 2012, 14.
1317-1324.

Leppianen A P, Mattila A, Kettunen M, et al. Ar-
tificial radionuclides in surface air in Finland follow-
ing the Fukushima Dai-ichi Nuclear Power Plant ac-
cident[ J]. J Environ Radioact, 2013, 126 273-
283.

Long N Q, Truong Y. Hien P D, et al. Atmos-
pheric radionuclides from the Fukushima Dai-ichi
nuclear reactor accident observed in Vietnam[]J]. ]
Environ Radioact, 2012, 111: 53-58.

Momoshima N, Sugihara S, Ichikawa R, et al. At-
mospheric radionuclides transported to Fukuoka,
Japan remote from the Fukushima Dai-ichi nuclear
power complex following the nuclear accident[J]. J
Environ Radioact. 2012, 111. 28-32.

Oh J S. Lee S H. Choi ] K, et al. Atmospheric in-
put of ¥"Cs and ***** Pu isotopes in Korea after the
Fukushima Nuclear Power Plant accident[J]. Appl
Radiat Isot, 2014, 87 53-56.

Masson O, Ott A de V, Bourcier L, et al. Change
of radioactive cesium ("*'Cs and " Cs) content in
cloud water at an elevated site in France, before and
after the Fukushima nuclear accident; comparison
with radioactivity in rainwater and in aerosol parti-
cles[J]. Atmos Res, 2015, 151; 45-51.

Yang W, Guo L. Depositional fluxes and residence
time of atmospheric radioiodine (“'I) from the
Fukushima accident[ J]. J Environ Radioact, 2012,
113 32-36.

Simgen H, Arnold F, Aufmhoff H, et al. Detection of
1% Xe from the Fukushima Nuclear Power Plant in the
upper troposphere above Germany[J]. J Environ
Radioact, 2014, 132: 94-99.

Pham M K, Eriksson M, Levy I, et al. Detection
of Fukushima Daiichi Nuclear Power Plant accident
radioactive traces in Monaco[J]. J Environ Radio-
act, 2012, 114. 131-137.

Bowyer T W, Biegalski S R, Cooper M, et al. Ele-
vated radioxenon detected remotely following the
Fukushima nuclear accident[]J]. J Environ Radio-
act, 2012, 102, 681-687.

Barsanti M, Conte F, Delbono I, et al. Environ-
mental radioactivity analyses in Italy following the
Fukushima Dai-ichi nuclear accident[ J]. ] Environ
Radioact, 2012, 114 126-130.

Potiriadis C, Kolovou M, Clouvas A, et al. Envi-

ronmental radioactivity measurements in Greece fol-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

lowing the Fukushima Daiichi nuclear accident[]].
Radiat Prot Dosim, 2012, 150(4) . 441-447.

Perrot F, Hubert Ph, Marquet Ch, et al. Evidence
of ¥'T and """ Cs activities in Bordeaux, France
due to the Fukushima nuclear accident[]J]. ] Envi-
ron Radioact, 2012, 114 61-65.

Evrard O, Beek P V., Gateuille D, et al. Evidence
of the radioactive fallout in France due to the Fuku-
shima nuclear accident[]J]. ] Environ Radioact,
2012, 114 54-60.

Ogata Y. Fallout by the disaster of Fukushima Dai-
ichi Nuclear Plant at Nagoya[J]. Radiat Meas,
2013, 55: 96-98.

Ott A de V., Gurriaran R, Cagnat X, et al. Fission
product activity ratios measured at trace level over
France during the Fukushima accident[ J]. J Envi-
ron Radioact, 2013, 125. 6-16.

Ioannidou A, Manenti S, Gini L. et al. Fukushima
fallout at Milano, Italy[J]. J Environ Radioact,
2012, 114 119-125.

Huh C A, Hsu S C, Lin C Y. Fukushima-derived
{ission nuclides monitored around Taiwan: [ree
tropospheric versus boundary layer transport[]].
EPSL, 2012, 319-320. 9-14.

Clemenza M, Fiorini E, Previtali E, et al. Meas-
urement of airborne "'I, " Cs and """ Cs due to the
Fukushima reactor incident in Milan(Ttaly)[J]. J
Environ Radioact, 2012, 114. 113-118.

Hazama R, Matsushima A. Measurement of fallout
with rain in Hiroshima and several sites in Japan
from the Fukushima reactor accident[J]. J Radio-
anal Nucl Chem, 2013, 297 469-475.

Kanai Y. Monitoring of aerosols in Tsukuba after
Fukushima Nuclear Power Plant incident in 2011[J]. ]
Environ Radioact, 2012, 111 33-37.

Beresford N A, Barnett C L, Howard B J, et al. Ob-
servations of Fukushima fallout in Great Britain[ J]. J
Environ Radioact, 2012, 114 48-53.

Morino Y, Ohara T, Nishizawa M. Atmospheric
behavior, deposition, and budget of radioactive ma-
terials from the Fukushima Daiichi Nuclear Power
Plant in March 2011[J]. Geophys Res Lett, 2011,
38, LO0OG11/1-7, doi: 10.1029/2011GL048689.
Lozano R L, Herndndez-Ceballos M A, Adame ] A,
et al. Radioactive impact of Fukushima accident on
the Iberian Peninsula: evolution and plume previous
pathway[J]. Environ Int, 2011, 37 1259-1264.

Manolopoulou M, Stoulos S, loannidou A, et al.



350

BeAe o 5t e

537 &

[51]

[52]

[54]

[55]

(58]

[59]

[60]

Radioecological indexes of fallout measurements
from the Fukushima nuclear accident[]J]. Ecol In-
dic, 2013, 25: 197-199.

Rizzo S, Tomarchio E. Radionuclide concentrations
in air particulate at Palermo (Italy) following Fuku-
shima accident[]J]. Radiat Prot Dosim, 2013, 153
534-540.

Huh C A, Lin CY, Hsu S C. Regional dispersal of
Fukushima-derived fission nuclides by East-Asian
Monsoon: a synthesis and review[]]. Aerosol Air
Qual Res, 2013, 13: 537-544.

Becker A, Ceranna L., Ross O, et al. Towards a
new daily in-situ precipitation data set supporting
parameterization of wet-deposition of CTBT relevant
radionuclides [ J]. Geophy Res Abs, 2012, 14.
EGU2012-11479.

Matsumoto T, Maruoka T, Shimoda G, et al. Trit-
ium in Japanese precipitation following the March
2011 Fukushima Dai-ichi Nuclear Plant accident[]].
Sci Total Environ, 2013, 445-446. 365-370.
Biegalski S R, Bowyer T W. Eslinger P W, et al.
Analysis of data from sensitive U. S. monitoring
stations for the Fukushima Daiichi nuclear reactor
accident[ J ]. J Environ Radioact, 2012, 114. 15-
21.

Korsakissok I, Mathieu A, Didier D. Atmospheric
dispersion and ground deposition induced by the
Fukushima Nuclear Power Plant accident: a local-
scale simulation and sensitivity study[J]. Atmos
Environ, 2013, 70 267-279.

Woo T H. Atmospheric modeling of radioactive ma-
terial dispersion and health risk in Fukushima Dai-
ichi Nuclear Power Plants accident[J]. Ann Nucl
Energy. 2013, 53: 197-201

Povinec P P, Gera M, Holy K, et al. Dispersion of
Fukushima radionuclides in the global atmosphere
and the ocean[J]. Appl Radiat Isot, 2013, 81: 383-
392.

Draxler R, Arnold D, Chino M, et al. World mete-
orological organization’ s model simulations of the
radionuclide dispersion and deposition from the
Fukushima Daiichi Nuclear Power Plant accident[]]. ]
Environ Radioact, 2015, 139. 172-184.

Evangeliou N, Balkanski Y, Anne Cozic A, et al.
Global transport and deposition of *"Cs following
the Fukushima Nuclear Power Plant accident in Ja-
pan; emphasis on Europe and Asia using high-reso-

lution model versions and radiological impact assess-

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

ment of the human population and the environment
using interactive tools [J]. Environ Sci Technol,
2013, 47. 5803-5812.

Arnold D, Maurer C, Wotawa G, et al. Influence
of the meteorological input on the atmospheric trans-
port modelling with FLEXPART of radionuclides from
the Fukushima Daiichi nuclear accident[ ]J]. J Environ
Radioact, 2015, 139. 212-225.

Saito K, Shimbori T, Draxler R. JMA’s regional
atmospheric transport model calculations for the
WMO technical task team on meteorological analy-
ses for Fukushima Daiichi Nuclear Power Plant acci-
dent[J]. ] Environ Radioact, 2015, 139 185-199.
Christoudias T, Lelieveld J. Modelling the global at-
mospheric transport and deposition of radionuclides
from the Fukushima Dai-ichi nuclear accident[J]. At-
mos Chem Phys, 2013, 13, 1425-1438.

TeJi Rl E OB, AR 5. 2011 48 3 H A AR5 #
U 4 ST A2 R AR I SRR U [ . R 2
AR .2011,56(12) :887-894.

Parache V, Pourcelot L, Roussel-Debet S, et al.
Transfer of "1 from Fukushima to the vegetation
and milk in France[J]. Environ Sci Technol, 2011,
45 9998-10003.

Park K H, Kang T W, Kim W J, et al. "' Cs and
7 Cs radioactivity in soil and moss samples of Jeju
Island after Fukushima nuclear reactor accident[]].
Appl Radiat Isot, 2013, 81: 379-382.
Ohmura Y, Matsukura K, Abe J P, et al. '""Cs
concentrations in foliose lichens within Tsukuba-city
as a reflection of radioactive fallout from the Fuku-
shima Dai-ichi Nuclear Power Plant accident[J]. ]
Environ Radioact, 2015, 141 38-43.

Herod M N, Clark I D, Kieser W E, et al. 1 dis-
persion and sources in Northwest CanadalJ]. Nucl
Instru Meth Phys Res B, 2013, 294. 552-558.
Fujimura S, Muramatsu Y, Ohno T, et al. Accu-

Y7 Cs by rice grown in four types of soil

mulation of
contaminated by the Fukushima Dai-ichi Nuclear
Power Plant accident in 2011 and 2012[J]. J Envi-
ron Radioact, 2015, 140, 59-64.

Yoshimura K, Onda Y, Sakaguchi A, et al. An ex-
tensive study of the concentrations of particulate/
dissolved radiocaesium derived from the Fukushima
Dai-ichi Nuclear Power Plant accident in various
river systems and their relationship with catchment
inventory[ J]. J Environ Radioact, 2015, 139: 370-
378.



5053

PUPRNITRRE RS =Y - L T O SR DR e € e

351

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Merz S, Shozugawa K, Steinhauser G. Analysis of
Japanese radionuclide monitoring data of food before
and after the Fukushima nuclear accident[ J]. Envi-
ron Sci Technol, 2015, 49, 2875-2885.

Yasunari T J, Stohl A, Hayano R S, et al. Cesium-
137 deposition and contamination of Japanese soils
due to the Fukushima nuclear accident[ J]. PNAS,
2011, 108C 49) . 19530-19534.

Matsuda N, Mikami S, Shimoura S, et al. Depth
profiles of radioactive cesium in soil using a scraper
plate over a wide area surrounding the Fukushima
Dai-ichi Nuclear Power Plant, Japan[J]. ] Environ
Radioact, 2015, 139, 427-434.

Lepage H, Evrard O, Onda Y, et al. Environmen-
tal mobility of """ Ag™; lessons learnt from Fukushi-
ma accident (Japan) and potential use for tracking
the dispersion of contamination within coastal catch-
ments[ ]J]. J Environ Radioact, 2014, 130, 44-55.
Bolsunovsky A. Dementyev D. Evidence of the ra-
dioactive fallout in the center of Asia (Russia) fol-
lowing the Fukushima nuclear accident[J]. ] Envi-
ron Radioact, 2011, 102 1062-1064.

Koarashi J, Atarashi-Andoh M, Matsunaga T,
et al. Factors affecting vertical distribution of Fuku-
shima accident-derived radiocesium in soil under dif-
ferent land-use conditions[J]. Sci Total Environ,
2012, 431: 392-401.

Baeza A, Corbacho ] A, Rodriguez A, et al. Influ-
ence of the Fukushima Dai-ichi nuclear accident on
Spanish environmental radioactivity levels[J]. J En-
viron Radioact, 2012, 114 138-145.

Daraoui A, Michel R, Gorny M, et al. lodine-129,
iodine-127 and caesium-137 in the environment:
soils from Germany and Chile[ J]. J Environ Radio-
act, 2012, 112. 8-22.

Niimura N, Kikuchi K, Tuyen N D, et al. Physical
properties, structure, and shape of radioactive Cs
from the Fukushima Daiichi Nuclear Power Plant
accident derived from soil, bamboo and shiitake
mushroom measurements[ J]. J Environ Radioact,
2015, 139: 234-239.

Xu S, Cook G T, Alan J, et al. Radiocarbon con-
centration in modern tree rings from Fukushima,
Japan[J7. J Environ Radioact, 2015, 146. 67-72.
Miyake Y, Matsuzaki H, Fujiwara T, et al. Iso-
topic ratio of radioactive iodine ('* 1/"'1) released
from Fukushima Daiichi NPP accident[]]. Geochem
J, 2012, 46. 327-333.

[82]

[83]

[84]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Buesseler K O, Jayneb S R, Fisher N S, et al.
Fukushima-derived radionuclides in the ocean and
biota off Japan[J]. PNAS, 2012, 109(16): 5984-
5988.

Casacuberta N, Masque P, Garcia-Orellana J, et al.
Sr and % Sr in seawater off Japan as a consequence
of the Fukushima Dai-ichi nuclear accident[ ]J]. Bio-
geosciences, 2013, 10.: 3649-3659.

Suzuki T, Otosaka S, Kuwabara J, et al. lodine-
129 concentration in seawater near Fukushima be-
fore and after the accident at the Fukushima Daiichi
Nuclear Power Plant[]J]. Biogeosciences, 2013, 10
3839-3847.

Tumey S J, Guilderson T P, Brown T A, et al. In-
put of T into the Western Pacific Ocean resulting
from the Fukushima nuclear event[]J]. ] Radioanal
Nucl Chem, 2013, 296: 957-962.

Inoue M, Kofuji H, Hamajima Y, et al. ' Cs and
Y7 Cs activities in coastal seawater along Northern San-
riku and Tsugaru Strait, northeastern Japan, after
Fukushima Dai-ichi Nuclear Power Plant accident[J]. J
Environ Radioact, 2012, 111. 116-119.

Inoue M, Furusawa Y, Fujimoto K, et al. **Ra/
226 Ra ratio and " Be concentration in the Sea of Japan
as indicators for water transport: comparison with
migration pattern of Fukushima Dai-ichi NPP-
derived " Cs and ""Cs[J]. ] Environ Radioact,
2013, 126 176-187.
Yoshida N, Kanda J.
radionuclides[J]. Science, 2012, 336 1115-1116.
Povinec P P, Aoyama M, Biddulph D, et al. Cesium,

Tracking the Fukushima

iodine and tritium in NW Pacific waters: a comparison
of the Fukushima impact with global fallout[J]. Bio-
geosciences, 2013, 10. 5481-5496.

Honda M C. Kawakami H, Watanabe S. et al.
Concentration and vertical flux of Fukushima-de-
rived radiocesium in sinking particles from two sites
in the Northwestern Pacific Ocean[]].
sciences, 2013, 10: 3525-3534.
Thornton B, Ohnishi S, Ura T, et al. Continuous

Biogeo-

measurement of radionuclide distribution off Fuku-
shima using a towed sea-bed gamma ray spectrome-
ter[J]. Deep-Sea Res I, 2013, 79 10-19.

Inoue M, Kofuji H, Fujimoto K, et al. Delivery
mechanism of ' Cs and '""Cs in seawater off the
Sanriku Coast, Japan, following the Fukushima

Dai-ichi NPP accident[]].
2014, 137, 113-118.

J Environ Radioact,



352

BeAe o 5t e

537 &

(93]

[94]

[95]

[96]

97]

(98]

[99]

[100]

[101]

[102]

Kaeriyama H, Ambe D, Shimizu Y, et al. Direct
observation of " Cs and ' Cs in surface seawater
in the western and central North Pacific after the
Fukushima Dai-ichi Nuclear Power Plant accident[]].
Biogeosciences, 2013, 10 4287-4295.

Maderich V, Jung K T, Bezhenar R, et al. Dis-
persion and fate of *°Sr in the Northwestern Pacific
and adjacent seas: global fallout and the Fukushi-
ma Dai-ichi accident[J]. Sci Total Environ, 2014,
494-495. 261-271.

Yu W, He J, Lin W, et al. Distribution and risk
assessment of radionuclides released by Fukushima
nuclear accident at the Northwest Pacific[J]. J En-
viron Radioact, 2015, 142 54-61.

Thornton B, Ohnishi S, Ura T. et al. Distribution
of local " Cs anomalies on the seafloor near the
Fukushima Dai-ichi Nuclear Power Plant[J]. Mar
Pollut Bull, 2013, 74. 344-350.

Zheng J, Aono T, Uchida S, et al. Distribution of
Pu isotopes in marine sediments in the Pacific
30 km off Fukushima after the Fukushima Dai-ichi
Nuclear Power Plant accident[]J]. Geochem ],
2012, 46. 361-369.

Oikawa S, Watabe T, Takata H. Distributions of
Pu isotopes in seawater and bottom sediments in
the coast of the Japanese archipelago before and
soon after the Fukushima Dai-ichi Nuclear Power
Station accident [ J ]. ] Environ Radioact, 2015,
142, 113-123.

Kumamoto Y, Murata A, Kawano T, et al. Fuku-
shima-derived radiocesium in the Northwestern Pa-
cific Ocean in February 2012[J]. Appl Radiat Isot,
2013, 81: 335-339.

Kumamoto Y, Aoyama M, Hamajima Y, et al.
Impact of Fukushima-derived radiocesium in the
western North Pacific Ocean about ten months
after the Fukushima Dai-ichi Nuclear Power Plant
accident[J]. J Environ Radioact, 2015, 140; 114-
122.

Buesseler K, Aoyama M, Fukasawa M. Impacts
of the Fukushima Nuclear Power Plants on marine
radioactivity[J]. Environ Sci Technol, 2011, 45,
9931-9935.

Sakaguchi A, Kadokura A, Steier P, et al. Isotop-
ic determination of U, Pu and Cs in environmental
waters following the Fukushima Daiichi Nuclear
Power Plant accident[]J]. Geochem J, 2012, 46.
355-360.

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Yamamoto M, Sakaguchi A, Ochiai S, et al. Iso-
topic Pu, Am and Cm signatures in environmental
samples contaminated by the Fukushima Dai-ichi
Nuclear Power Plant accident[J]. ] Environ Ra-
dioact, 2014, 132, 31-46.

Inoue M, Kofuji H, Nagao S, et al. Lateral variation
of " Cs and "' Cs concentrations in surface seawater in
and around the Japan Sea after the Fukushima Dai-ichi
Nuclear Power Plant accident[ J]. ] Environ Radio-
act, 2012, 109. 45-51.

Nakano M, Povinec P P. Long-term simulations of
the ®"Cs dispersion from the Fukushima accident
in the world ocean[]J]. ] Environ Radioact, 2012,
111. 109-115.

Inoue M, Kofuji H, Nagao S, et al. Low levels of
1 Cs and ""Cs in surface seawaters around the

Japanese Archipelago after the Fukushima Dai-ichi

Nuclear Power Plant accident in 2011[]J]. Geo-
chem J, 2012, 46. 311-320.
Min B, Perianez R, Kim I G, et al. Marine dis-

persion assessment of '""Cs released from the
Fukushima nuclear accident[J]. Mar Pollut Bull,
2013, 72, 22-33.

Suseno H, Prihatiningsih W R. Monitoring "’ Cs
and " Cs at marine coasts in Indonesia between
2011 and 2013[J]. Mar Pollut Bull, 2014, 88.
319-324.

Baumann Z, Casacuberta N, Baumann H, et al.
Natural and Fukushima-derived radioactivity in
macroalgae and mussels along the Japanese shore-
line[J]. Biogeosciences, 2013, 10: 3809-3815.
Men W, He J, Wang F, et al. Radioactive status
of seawater in the Northwest Pacific more than one
year after the Fukushima nuclear accident[ J]. Sci-
entific Reports, 2015, 5; 7757/1-8. doi: 10.
1038 /srep 07757.

Sohtome T, Wada T, Mizuno T, et al. Radiologi-
cal impact of TEPCO’s Fukushima Dai-ichi Nucle-
ar Power Plant accident on invertebrates in the
coastal benthic food web[J]. J Environ Radioact,
2014, 138: 106-115

Povinec P P, Hirose K, Aoyama M. Radiostronti-
um in the Western North Pacific: characteristics,
behavior, and the Fukushima impact[]J]. Environ
Sci Technol, 2012, 46. 10356-10363.

Inoue M, Kofuji H, Oikawa S, et al. Spatial vari-
ations of low levels of ¥ Cs and "’ Cs in seawaters

within the sea of Japan after the Fukushima Dai-



5053

PUPRNITRRE RS =Y - L T O SR DR e € e

353

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

ichi Nuclear Power Plant accident[J]. Appl Radiat
Isot, 2013, 81 340-343.

Watabe T, Oikawa S, Isoyama N, et al. Spatio-
temporal distribution of " Cs in the sea surround-
ing Japanese Islands in the decades before the dis-
aster at the Fukushima Daiichi
Plant in 2011[J]. Sci Total Environ, 2013, 463-
464 . 913-921.

Nuclear Power

Aoyama M, Tsumune D, Uematsu M, et al.
Temporal variation of ¥ Cs and "’ Cs activities in
surface water at stations along the coastline near
the Fukushima Dai-ichi Nuclear Power Plant acci-
dent site, Japan[]J]. Geochem J, 2012, 46: 321-
325.

Normile D. The
fallout[J]. Science, 2013, 340, 547.

Bu W, Zheng J, Guo Q, et al. Ultra-trace plutoni-

Pacific swallows Fukushima’s

um determination in small volume seawater by sec-
tor field inductively coupled plasma mass spec-
trometry with application to Fukushima seawater
samples[J]. J Chromatogr A, 2014, 1337 171-
178.

Bu W T, Zheng J, Aono T, et al. Vertical distri-
butions of plutonium isotopes in marine sediment
cores off the Fukushima coast after the Fukushima
Dai-ichi Nuclear Power Plant accident[]]. Biogeo-
sciences, 2013, 10. 2497-2511,

Aoyama M, Uematsu M, Tsumune D, et al. Sur-
face pathway of radioactive plume of TEPCO
Fukushima NPP1 released '*' Cs and " Cs[ ] ]. Bio-
geosciences, 2013, 10, 3067-3078.

Keum D K, Jun I, Kim B H, et al. A dynamic
model to estimate the activity concentration and
whole body dose rate of marine biota as conse-
quences of a nuclear accident[J]. J Environ Radio-
act. 2015, 140, 84-94.

Tsumune D, Tsubono T, Aoyama M, et al. Dis-
tribution of oceanic ¥ Cs from the Fukushima Dai-
ichi Nuclear Power Plant simulated numerically by
a regional ocean model[J]. J Environ Radioact,
2012, 111.: 100-108.

Kawamura H, Kobayashi T, Furuno A, et al.
Preliminary numerical experiments on oceanic dis-
persion of 'T and '*"Cs discharged into the ocean
because of the Fukushima Dai-ichi Nuclear Power
Plant disaster[J]. J Nucl Sci Technol, 2011, 48
(11). 1349-1356.

Maderich V, Bezhenar R, Heling R, et al. Re-

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

gional long-term model of radioactivity dispersion
and fate in the Northwestern Pacific and adjacent
seas: application to the Fukushima Dai-ichi acci-
dent[J]. J Environ Radioact, 2014, 131 4-18.
Budyansky M V, Goryachev V' A, Kaplunenko D D,
et al. Role of mesoscale eddies in transport of Fuku-
shima-derived cesium isotopes in the ocean[]J]. Deep-
Sea Res I, 2015, 96 15-27.

Wai K M, Yu P K N. Trans-oceanic transport of
"Cs from the Fukushima nuclear accident and
impact of hypothetical Fukushima-like events of fu-
ture nuclear plants in Southern ChinalJ]. Sci Total
Environ, 2015, 508, 128-135.

faf e HR A, 242,55 2011 4 3 A HATR B
A v A2 U TR T A PR AR LT ] i R e AR
2012,34(4) :12-20.

T IR RS B AR 5B O S g
HE AL IRV 1K v 0 f s AL S 0 [ . R 2
#%,2012,57(22):2111-2118.

BB TR E L GF. AR B A% S O R
T T Cs X [ I R W 1 A L5 S0 LT . B
iR ,2014,59(34) :3416-3423.

IAEA. Worldwide marine radioactivity studies,
radionuclide levels in the oceans and seas: TAEA-
TECDOC-1429[ R]. IAEA.,
2005 1-187.

Vienna, Austria:
Lighton A. Fukushima has positive fallout for ma-
rine science[ J ]. Nature News, 30 May 2012, doi:
10. 1038/nature. 2012: 10750.

PRICH RIS 2RI MBS Fils)
2R M TS P K P W 45 2R 50 28 Ay A LT . dR A
Bii471.,2012.32(6) :386-391.

XUV EAPE 0 0 85 . 58, F AR AR 5 4% =5 00 1)
VL AR BRI TS P 110 M 5 2R K o A LT ). AR A B s
2012,32(6) :380-385.

XU, oLl L A AR S A% S O T R R
THCERT T A 2R M B %k PG 2 X iy s m L) . B2
iR .2013,58(4):372-378.

ok w8 A du e XN X H AR AR 5 %
FHCTS Y1 I B AR S RCR D] A AT
4:,2012,6(2) :60-66.

BEIC PR, I, 2% BE L AFL b 5t XK S Be,
FTCSHN TG BEVR BE Ay AT AL AR R B R LT ). SR F R
Bl2FH AR ,2013,47(2) :189-192.

T3 R KR I AR 7 L 5. 2011 4R 452 H AR 5 4%
U TS Yk ST T ORI Cs NS ER 4 BT L) ). 2R
Rl 2E 4R, 2012,32(9) :2182-2188.

JBELR G+ R S AR A SO S LA B G T S



354

BeAe o 5t e

537 &

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

R VE A M L) B T IR,

2012,32(3) :265-268.

I 5. B A AR 5 A r ol 3 0G0 VY AR O BRI

g5 R 430 LT, %8 95 B 47, 2012, 32.(6) : 392-

397.

W% BRE A 5. LatTh 2011—2013 4F K
Ao BRI PR A LT B S O

2,2015,32(1) :43-46

SR 3C R BE W R L. A S R A R Cs

B S R g o op [ R S [T, Al S 4R

2012,57(32) :3100-3108.

(LIRS i e o 11 P T N 1 A7/ I AR W

AR TSI (T ], JR T RE R HE R, 2014, 48(9)

1675-1680

vt B e AR R 3 A P A U S O )T R A

B R L] IR 5 AR, 2014(7) .

174-175.

FREAR 2 F5 M 0 RUEE , S5 AR 5 A% T O 22 M

R NS P i € I e e iR A I e ES

P AE,2013,22(2):196-198

W46 HE R L B DR L 45 A I A% SR O ) T T M

X0 S A 350 7 2 e (). % 5 97 aE . 2012, 32

(2):20-23.

R . 0 e ke, AR 5 A5 A B A S O IR A N b X

PR AT W [ 0. 4 56 By 37309, 2012, 32(2)

45-46.

[ BRME S 5. 4R S A% S O 1) H AR S AL

T AILAI 2 T A v e W (T . e A i b R

2012,32(2) :49-51.

E a2, kW], w4, 55 AE B B 3 WO R) L g

b DX 5 2R 058 R 2 Wl L . e 5 B brE R, 2012,

32(2):12-19.

TR, T FY L BRSO IR T R

X0 S A 35 7 2 e 0 (). % 5 97 @ IR . 2012, 32

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

(2):28-29.

FE A, AR RLR S AR B A T A
b DX S P A N 2 e [ 0. S B A aE AR, 2012,
32(2).24-27.

BAPE, b AR R, S AR A O ) WV X
RACHI R I L . 4 2 B e IR, 2012, 32(2)
40-44,

] TG 28 » X RF , 3 44 45, 4@ 5 A% S5 i 0 R) 34 L b
DX 23 AR TSP AT I L ). S B A R
2012,32(2) :35-39.

] 6 4 » A% W QL SF L R I A% T O R L X
A WURE S P KT W LT 1. 4R S By 4 R,
2012,32(2) :47-51.

Tuo F, Xu C, Zhang J, et al. Radioactivity analy-
sis following the Fukushima Dai-ichi nuclear acci-
dent[J]. Appl Radiat Isot, 2013, 78 77-81.

FA AR TR B (R A 2R N M. g b
B2 Tt ISR 22004,

NEA Committee Protection and Public Health.
Chernobyl ten years on: radiological and health
impact[ R]. Paris;: OECD Nuclear Energy Agen-
cy, 1995.
Aarkrog A.
into the world ocean[ J]. Deep-Sea Res [ , 2003,
50: 2597-2606.

Hong G H, Baskaran M, Povinec P P. Artificial radio-
nuclides in the Western North Pacific: an review[ M|/
Shiyomi M, Kawahata H, Koizumi H. et al.

Input of anthropogenic radionuclides

Global environmental change in the ocean and
land. Tokyo: Terrapub, 2004. 147-172.
Endo S, Tomita J, Tanaka K, et al. Iodine-129
measurements in soil samples from Dolon village
near the Semipalatinsk nuclear test site[J]. Radiat

Environ Biophys, 2008, 47. 359-365.





