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Atmoshperic Radioactive Fallout in China due to the
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SHENG Li ZHOU Bin SUN Minghua LU Kai TONG Hua HU Jiangkai
National Meteorological Centre, Beijing 100081

Abstract: On March 11, 2011, the Fukushima Daiichi Nuclear Power Plant was severely damaged by the
massive 9. 0 earthquakes and tsunami that struck off the northeast coast of the Island of Honshu. The
damage to the nuclear facility has resulted in substantial environmental releases of radioactive materials in-
to atmosphere. As a consequence, on March 26, the radioactive material I-131 from Fukushima Daiichi nu-
clear accident (FDNA) was monitored in China’s Heilongjiang air sampling for the first time. The monito-
ring of FDNA in China lasted for nearly a month, till April 22, the radioactive substances monitored in
China mainland, which are I-131, Cs-137 and Cs-134, were close to basic values. Based on these monito-
ring data and HYSPLIT s forward and backward trajectory modeling, this paper estimates the impacts of
Fukushima Daiichi accident on China’s radioactivity levels. During the monitoring period, the maximum
concentration of I-131 which is located in Jilin Province, is 8. 01 mBq * m™ and occurs in April 7. This val-
ue is closely related to the prevailing eastern winds during this period. Meanwhile, relatively high I-131

concentration is monitored in North China, the Northeast and Northwest of China. For Cs-137 and Cs-
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134, the maximum values both are found in the Xinjiang Region, being 1. 55 and 1. 42 mBq * m ™ ?, respec-

tively around April 4 and 9. At the same time, the trend of national averaged concentration shows two

peaks around. Northwest and North China are found to have higher concentration of Cs-137 and Cs-134.
Additionally, the ratios of Cs-137/1-131 and Cs-134/Cs-137 are analyzed and compared with the measure-

ment results by other countries. The Cs-137/1-131 activity ratios (0. 04 —0. 9) are observed to increase with

time as expected from radioactive decay, and Cs-134/Cs-137 activity ratio is measured near the line 1. 0.

Key words: Fukushima nuclear plant accident, measurement of radionuclides, I-131 monitoring concentra-

tion, Cs-137 monitoring concentration, Cs-134 monitoring concentration
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Table 1 Estimation of total released amount from Fukushima and Chernobyl Nuclear Plant Accident
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Fig. 2 Comparison between diffusing tracks
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the CTBTO observation
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Table 2 Monitoring nuclides from China Radiation Monitoring Network (unit; mBq « m™?)

I-131 Cs-137

BT 0.073~2.38(0.66)  0.08~0.32(0.21)
K 0.11~8.01(1.14) 0.05~0.23(0. 13)
fie 0.06~1.47(0.47) 0.05~0.17¢0.09)
|3 0.16~3.55(1.13) 0.05~0.65€0.21)
PR 0.08~4.00(1. 04) 0.06~0.39(0. 2)
e 0.08~4.9(0. 85) 0.09~0.26(0.15)
R 0.06~3.7(1.08) 0.08~0.3(0.19)
[Ty 0.07~5.02(1.32) 0.07~0.54(0. 25)
SE 0.05~0. 75(0. 25) 0.05~0.09(0.07)
AR 0.14~5.31(1.10) 0. 06~0. 34€0. 16)
i 0.06~1.2(0.38) 0.08~0.65(0.18)
YL 0.07~1.36(0.32) 0.05~0.15¢0. 1)
RAN 0.05~1.00.3) 0.06~0.22(0.12)
L 0.08~1.59(0.41) 0.05~0.17¢0. 1)
by s 0.05~1.15(0. 35) 0.05~0.25(0. 12)
VLY 0.06~2.1(0.55) 0.06~0.3(0.13)
e 0.05~1.36(0.4) 0.05~0.21€0. 09)
i) 0.05~0.79€0. 36) 0.05~0.17¢0. 11>
7R 0.07~1.4(0.25) 0. 05~0.07(0. 05)
i} 0.05~0.3(0.12) LA

3] 0.06~0.77€0.15) 0.06~0.12(0. 08)
EUN 0.06~0.18(0. 1) 0.06~0.1(0.08)
Py 0.06~0. 44(0. 18) 0.06~0.14€0. 1)
S 0.06~0.9(0.3) 0.05~0.120. 08)
= 0.06~0.15(0.08) M

4 3 0.06~0.32(0.18) *

5 qi} 0.05~1.61¢0.54) 0.05~0.45(0.21)
H 0.07~0.86(0.36) 0.08~0.18¢0. 11)
H it 0.07~1.2(0.4) 0.05~0. 28(0. 18)
TE 0.06~3.61€0.8) 0.01~0.64€0.19)
B 0.12~7.77(1.7) 0.24~1.55(0.67)

o O

Cs-134 Cs-137/1-131 Cs-134/Cs-137
0.1~0.28(0.18) 0.08~0.73 0.53~1.40
0.06~0.21¢0.12) 0.08~0. 24 0.77~1.20
0.06~0.3(0.11) 0.07~0.54 0.77~1.76
0.05~0. 64(0. 22) 0.05~0. 29 0.83~1.39
0.05~0. 28(0.15) 0.06~0. 35 0.66~1.50
0.08~0. 21(0.14) 0.05~0. 24 0.73~1.33
0.07~0.29(0.16) 0.04~0. 36 0.45~1.17
0.05~0.48(0. 23) 0.05~0.19 0.88~1.27

* 0.11~0.25 —
0.07~0.37(0.16) 0.05~0.61 0.67~1.15
0.07~0.58(0.18) 0.10~0. 54 0.78~1.18
0.05~0.14(0.09) 0.09~0.42 0.80~1.17
0.05~0.2(0.11) 0.14~0.50 0.63~0.93
0.06~0.13(0.08) 0.07~0. 64 0.69~0.91
0.06~0.23(0.11) 0.16~0. 64 0.75~1.8
0.06~0.23(0.12) 0.13~0.58 0.73~0.92
0.05~0.23(0.11) 0.07~0.18 1.10~1.50
0.05~0.17(0.10) 0.15~0.42 0.69~1. 20
0.01~0.08(0.06) 0.05~0.55 0.86~1. 20

e fil
0.05~0.1(0.07) 0.10~0. 86 0.60~1.17
0.05~0.08(0.07) 0.38~0.75 0.63~0. 89
0.05~0.12(0.08) 0.29~0.53 0.71~0.89

.06~0.17(0.09) 0.09~0. 60 0.78~1.42

*

% _ _

. 05~0.38¢0.17) 0.16~0.58 0.35~0. 88
.08~0.17(0.11) 0.14~0. 26 0.75~1.33
0.07~0.23(0.16) 0.11~0.23 0.47~0. 86
0.01~0.63(0.20) 0.08~0. 21 0.93~1.08
.09~1.43(0.48) 0.11~0. 28 0.84~1.18
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Fig. 3 Temporal trends of I-131 concentration for China 31 cities” monitoring data from March 28 to April 22, 2011
(a) Northeast (Heilongjiang, Jilin, Liaoning), (b) North China (Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia.
Henan, Shandong), (¢) Huadong (Shanghai, Jiangsu, Zhejiang, Anhui), (d) Jiangnan (Fujian, Jiangxi, Hubei,
Hunan). (e) Huanan (Guangdong., Guangxi, Hainan), ({) Southwest (Sishuan, Chongqin, Guizhow . (g) Other
region (Yunnan, Xizang) . (h) Northwest (Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang)
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9 3.4 F1 3. 44 mBq * m *) (Thakur et al, 2012), R EREARFA (LX) Cs-137 Fl Cs-134
T A8 DU 1 5% de KB i K (Bikit et al, 20125 Pot- W I 5 Ik 7] 36 748 e 4 0 2 [B] AP AIE . 448 (T L XD
iriadis et al, 2012; Manolopoulou et al, 2012; Loz- Cs-137 Fll Cs-134 Wiy fE 24k an i 5 FiE 6 fros
ano et al, 2011; Pittauerova et al, 2011; Baeza et H & 5 FE 6 A] %1, Cs-137 il Cs-134 Wa il e i vt A%
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Fig. 4 850 hPa synoptic chart of Eastern
Asian at 08:00 BT 4 April 2011
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Same as Fig. 3, but for Cs-137
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3 N g

M3 A 26 H 3 EE RAER IR EIR A H
KGR F R A R B 1131 =4 A 22 H K
I R Bty 358 P9 T 23 4t IX 2 A M A B0k B H A AR
5 PR TR 0 O R O M Rk T — A
JYIRF ] o AR A SOOI T — AN 5 I B 23 BT R
LGS AT DIAG R LUT 4548

(1) H A K I A% 2 0008 3 [ 5 5 20 05 32 Wi ) el

5] f e FRELAE 3 H 26 H A B U I BV B ek A%
HEH S P R 1131, 5 R e X — %,
eSS RN EE LN

(2) HAHR By iz Sl ) 3 A6 D 31 9 1-131
BRWEEM THEMARA N 8 mBg » m™, HEHY
R 3 1 A R WA 1) 1 43 2 — 5 55 3 I R [ 4K
SEYORH 2 5 I Ak B ] 3 A DL SR 0 TR AR A SRR AE
FLEMETE 4 A 7 HAL X FE SR R I E R
B2 H A X KA FRZ BT AR IR G, A5 b
X 3Z 5 e ) R B T 5 3R AR Jb AR AL AP A b X
1-131 1% 58 559 85 7K - 52 I O 80 5 il e K

(3) Cs-137 Fl Cs-134 f W ] 4% Ji5 F5c K 35 47
THEMX A 1.55 F1 1. 44 mBq « m™*, HA{H
2 oy S 1 5 R W I R A 43 22— 5 T 8 BRI R SIE 9
oAt = K WA T F R K. Cs-137 F1Cs-134 [ B
()78 AF 5 T-131 AS[A] ., 32 % A S R AR AIE Ry 3 L Kk
EEHEEAEAAIHMIBHAEA, SHARSZE
HORZ TS G ) 0 HE T R B M OG, i Cs-137 AN
Cs-134 B2 [a] 43 A 1M 5 - 36 [ A2 A6 A1 7Y 3k Hh DXk
{ELH

(4) H A A I A =5 5 0 000 39 1) L 3% T 0 2 Ay
Cs-137/1-131 Fb{E7E 0. 04 ~0. 9 2z [a], HfH 25 b 7
FlA R, HEARE EI S 2 g5 R 5 00 E 5 00
R —30 5 UL R B A W E]) Cs-134/Cs-137
FLfE7E 1 BiE1E3) .

AL A T W0 R A Y Ak B L FE S
Z2 1 B 5 R B SRS G Af BE h % A B FTEAS H
ASHE B K O e [ DL K A BRI B 1 R

%k

WRIGERK A7 % 455 45 UK. 2012, B I3 W 0 4 S H < W50RR ke U . 4% 4k
2F 5 b2 . 34(2) . 83-87.

e T E GO AEL 2012, H AR By A 00T SO 5 DX M
V5 Y Y I 5 A3 BT R AR O PR 2 S B B AR, 32(2) 1 129-132.

T HE  E A ANST R . 2. 2012, I Models-3/CMAQ % 2011 42
3 1 H AR 5 % b n B B 5T K4, 38(10) :1182-1188.

Teor Ml ERB. B L 4F. 2011, 2011 48 3 7 HARHR B 2% itk I ) 5
B Y HOH AR I SRR B o AR, 56(12) :887-894.

AT ET IR SE. 2012 HASHE B A S HORHL T R S b DX ER
ST CT- (%) B b AR O DR 2 S B i A L 32(2) 1 137
140.

TN R YR £ . B R SE 4. 2010, X 38 /BR324 {2 i 4R
RYE. LR FBHE L 38(5) :635-641.

Arvela H, Markkanen H, Lemmela H. 1990. Mobile survey of envi-
ronmental gamma radiation and fallout level in Finland after-
Chernobyl accident. Radiat Prot Dosim,32(3) :177-184.

Baeza A, Corbacho J A, Rodringuez A, et al. 2012. Influence of the



11

e BRAE AR K A 2 O B A A PR R Y S A 1499

Fukushima Daiichi nuclear accident on Spanish environmental
radioactivity levels. ] Environ Radioac. doi:10.1016/j. jenvrad.
2012.03.001.

Biegalske S R, Bowyer T W, Eslinger P W, et al. 2012. Analysis of
data from sensitive U. S. monitoring stations for the Fukushima
Daiichi nuclear reactor accident. J Environ Radioac,102:1-7.

Bikit I, Mrda D, Todorovic N, et al. 2012. Airborne radioiodine in
northern Serbia from Fukushima. ] Environ Radioac. doi: 10.
1016/j. jenvrad. 2012. 01. 020.

Bolsunovsky A, Dementyev D. 2011. Evidence of the radioactive fall-
out in the center of Asia (Russia) following the Fukushima Nu-
clear Accident. J Environ Radioac,102:1062-1064.

Chino M, Nakayama H, Nagai H, et al. 2011. Preliminary estima-
tion of release amounts of ¥'T and '*7Cs accidentally discharged
from the Fukushima Daiichi Nuclear Power Plant into atmos-
phere. J Nucl Sci Techno,48(7):1129-1134.

Cleveland B T, Duncan F A, Lawson I T, et al. 2012. Atcivities of
y-ray emitting isotopes in rainwater from Greater Sudbury. Can
J Phys,90(6) :599-603.

De Cort M. 1998. Atlas of cesium deposition on Europe after the
Chernobyl accident; office for official publications of the Euro-
pean Communities. ECSC-EEC-EAEC: Brussels-Luxemburg.

Draxler R R, Hess G D. 1998. An overview of the HYSPLIT _4
modelling system for trajectories, dispersion and deposition.
Aust Meteoro Mag,47(4) :295-308.

Draxler R R, Stunder B, Rolph G, et al. 1997. HYSPLIT 4 User’s
Guide, via NOAA ARL. http: / www. arl. noaa. gov/documents
/reports/ HYSPLIT _use_guide.

Hsu S C, Huh C A, Chan C Y,et al. 2012. Hemispheric dispersion
of radioactive plume laced with fission nuclides from the Fuku-
shima nuclear event. Geophy Res Lett, 39, doi: 10. 1029/
2011G1.049986.

Katata G, Ota M, Terada H, et al. 2012a. Atmospheric discharge-
and dispersion of radionuclides during the Fukushima Dai-ichi
Nuclear PowerPlant accident. Part 1. source term estimation
and local-scale atmospheric dispersion in early phase of the acci-
dent. ] Environ Radioactiv,109:103-113.

Katata G, Terada H, Nagai H, et al. 2012b. Numerical reconstruc-
tion of highdose rate zones due to the Fukushima Dai-ichi Nucle-
ar Power Plant accident. ] Environ Radioactiv,111:2-12.

Kim C K, Byun J I,Chae J S. 2011. Radiological impact in Korea fol-
lowing the Fukushima nuclear accident. J Environ Radioactiv,
doi:10. 1016/j. jenvrad. 2011. 10. 018.

Leon J D, Jaffe D A, Kaspar J, et al. 2012, Arrival time and magni-
tude of airborne fission products from the Fukushima, Japan,
reactor incident as measured in Seattle, WA, USA. ] Environ
Radioactiv. 102:1032-1038.

Long N Q, Truong Y, Hien P D, et al. 2012. Atmospheric radionu-
clides from the Fukushima Dai-ichi nuclear reactor accident ob-
served in Vietnam. ] Environ Radioactiv, doi: 10. 1016/j. jen-
vrad. 2011, 11. 018.

Lozano R L. Hernandez-Ceballos M A, Adame J A, et al. 2011. Ra-

dioactive impact of Fukushima accident on the Iberian Peninsu-

la: Evolution and plume previous pathway. Environ Int,37(7) .
1259-1264.

Manolopoulou M, Vagena E, Stoulos S, et al. 2012. Radioiodine and
radiocesium in Thessaloniki, Northern Greece due to the Fuku-
shima nuclear accident. J Environ Radioactiv,102:796-797.

Masson O, Baeza A, Bieringer J, et al. 2011. Tracking of Airborne
Radionuclides from the Damaged Fukushima Daiichi Nuclear
Reactors by European Networks. Environ Sci Technol,45(18)
7670-7677.

Melgunov M S, Pokhilenko N P, Straknovenko V D, et al. 2012.
Fallout traces of the Fukushima NPP accident in southern West
Siberia (Novosibirsk, Russia). Environ Sci Pollut Res. 19(4):
1323-1325.

NEA. 2002. Chernobyl-Assessment of Radiological and Health Im-
pacts. Update of Chernobyl: Ten Years On. Paris: Nuclear
Energy Agency, Organization for Economic Co-operation and
Development.

NISA. 2011a. Abstracts of the cross check analysis on the evaluation
of the cores of Unit 1, 2 and 3 of Fukushima Dai-ichi NPP re-
ported by TEPCO.

NISA. 2011b. INES ( the InternationalNuclear and Radiological
Event Scale) Rating on the Events in Fukushima Daiichi Nucle-
ar Power Station. www. nisa. meti. go. jp/english/files/
en20110412-4. pdf.

NSC. 2011. Trail estimation of emission of radioactive materials (I-
131, Cs-137) into the atmosphere from Fukushima Dai-ichi Nu-
clear Power Station. http: // www. nsc. go. jp/.

Pittauerova D, Hettwig B, Fischer H W, et al. 2011. Fukushima
fallout in Northwest German environmental media. J Environ
Radioac,102.:877-880.

Potiriadis C, Kolovou M., Clouvas A, et al. 2012. Environmental ra-
dioactivity measurements in Greece following the Fukushima
Daichi nuclear accident. Radiat Prot Dosimetry, 150 (4); 441-
447.

Sinclair I E, Seywerd H C J, Fortin R, et al. 2011. Aerial measure-
ment of radioxenon concentration off the west coast of Vancou-
ver Island following the Fukushima reactor accident. J] Environ
Radioac,102:1018-1023.

Stohl A, Seibert P, Wotawa G, et al. 2011. Xenon-133 and caesium-
137 releases into the atmosphere from the Fukushima Daiichi
nuclear power plant; determination of the source term, atmos-
pheric dispersion, and deposition. Atmos Chem Phys,11(10) .
28319-28394.

TEPCO. 2011. TAEA issued May 30, 2012. Status of the Fukushima
Daiichi NPP and related environmental conditions.

Terada H, Katata G, Chino M, et al. 2012. Atmospheric discharge
and dispersion of radionuclides during the Fukushima Daiichi
Nuclear Power Plant accident, Part II: verification of the source
term and analysis of regional-scale atmospheric dispersion. J
Environ Radioac,112:141-154.

Thakur P, Ballard S, Nelson R. 2012. Radioactive fallout in the
United States due to the Fukushima nuclear plantacciden. ] En-
viron Monitor,14(5):1317-1324.



