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The Fukushima Daiichi Nuclear Power Plant accident:
How has the Geochemical Society of Japan been grappling with it?

Mitsuru EBIHARA ™

* Department of Chemistry, Graduate School Science and Engineering,
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1-1 Minami-Osawa, Hachioji, Tokyo 192-0397, Japan

On March 11 in 2011, a great earthquake hit the eastern part of mainland Japan and trig-
gered several gigantic tsunami waves, which destroyed the coastal areas in Tohoku and north
Kanto districts facing the Pacific Ocean. The earthquake and a tsunami fatally damaged the
Fukushima Daiichi Nuclear Power Plant (FDNPP) and took over the nuclear reactors. Eventu-
ally a large amount of radioactive materials was released into the environment. Radioactive nu-
clides were detected in a wide area including remote areas such as the Kanto district and metro-
politan Tokyo. Some radioactive nuclides were detected in the United States and in some Euro-
pean countries, implying that radioactive materials released into the atmosphere and oceans
were carried by global atmospheric and oceanic circulations all over the world. The Geochemical
Society of Japan (GSJ) initiated several actions soon after the earthquake and the FDNPP acci-
dent. For instance, in response to the society’s appeal, many GSJ members joined the project to
map the distribution of several radioactive nuclides in soil samples in the Fukushima Prefec-
ture. The members’ contributions led to the creation of several distribution maps of radioactive
nuclides, such as ***'Cs, "I, and ¥ Te, trapped in soils in Fukushima. Another approach was to
set the occasion for presenting the members’ activities related to the FDNPP accident. For in-
stance, the GSJ proposed to organize special sessions on research activities related to the
FDNPP accident on the occasions of the 2011 Goldschmidt Conference and 2011 Annual Meet-
ing of the GSJ. In this article, how the GSJ have been grappling with the PDNPP accident was
chronologically described, especially from a viewpoint of an alliance with other organizations.
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Table 1 Nuclear disasters in which Japanese people have been involved.
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Radiochemical Analysis of “Bikini Ashes” fallen on

Board the No. 5 Fukuryu Maru on March 1, 1954.

Kexiro Kimura, Errrr Minavr, Masatake Honpa, YusrYoxkovama, Nacao Ikepa, Kencuiro Fuwa,

Harvo Natsusme, TATSUIIRO IsHIMORT, YUKryosur Sasakr, Hrrosur Sakar KunNmiko Mrizumacur,

Masako AsADA, Scuulr ABg, Hisao Masuchr, Yasvo Suzuxr, Kazuniro Komatsu and Kenjr NAKADA
(Department of Chemistry, Faculty of Science, University of Tokyo)

In order to find the proper method of medical treatment for the afflicted men on board the No.5
Fukuryu Maru on March 1, 1954, it was necessary to know the species and amounts of radioactive
elements in the dust of the so-called Bikini Ashes which had fallen on board. At the request of the
Hospital of Tokyo University, the authors started analyses on March 18. A combined method of
chemical separation with the use of carriers and separation with the use of ion exchange resin was
applied ; 17 nuclides were detected and the results of quantitative estimation of alkaline earth metals
were reported on March 31. The main constituent of the ashes was found to be calcium hydroxide
and its radioactivity was 0.37 mC/g (April 23) which was decayed proportionally to -1.37 power of
the time elapsed. The chemical group separation was carried out as shown in Table 3; the second,
third (especially rare earth metals) and fifth (alkaline earth metals) analytical groups showed
strong radioactivity. By ion exchange method (Fig.4), the fraction of anions, Zr and Nb fraction,
U fraction, the fraction of rare earth metals and the fraction of alkaline earth metals were separated.
Furthermore, each constituent of those fractions was estimated quantitatively. In order to confirm
the presence of '#mTe, '#Te, ™I, ] 1SRy, Ry, '®Rh, %Zr and %Nb, the chemical method was
used, The members of alkaline earth metals, e. g. “Ca, ®35r, %3r, (0Y), "“0Ba and ('La), and the
members of rare earth metals, e.g. *'Y, Ce, '“Pr, '“Ce, '“Pr and "Nd were estimated after the
separation with the use of ion exchange resin, The presence of *'U was confirmed from its radioa-
ctivity and chemical properties. Also a-tracks of *¥Pu. were detected by autoradiograph ic method.
Table 6 indicates the summary of the results, (Received June 20, 1954)

Fig.1 The first page of the paper in which Japanese chemists de-
scribed the results of radiochemical analysis of “Bikini ash”.
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Fig. 2 Project scheme for the systematic survey of radioactive materi-
als spread in the environment by the Fukushima Daiichi Nu-

clear Power Plant accident.



fa S A — T J) SE AT U5 B HAHERILAE S DY LA 83

%, HFENEZFYIT 5720 ICRIEIE 2 %3 5 A%
Ll QI EEDCRHE R EEATEDS, RN, AERIR
DOBRFEEZRVEE, BAEICESTWD, EXIIAH
BRINE OFHKITZ T T b oo, E-MITIZERR
ENBholzbld T, TOEWTIX, HiEEIERIZHE
FTHD o728, HEEFEIERD S, RIMEZEOIRHE~
OFWE TOMBFET, HIKILF % & O HIRRH R U
LD D%  OWFRE»EZ —IC L TRTIRE
TR H 725 9 L) g rh, Z0%o
HWHEDOWR L T LI o 72T, BOBENESN
72bDEEZTWA,

5. XHELEBER~Yy AU b

A4FICAY, b9 —ooE#EomhI AT hi, i
TEWHM OIS 7V — TH%E BAI T o 18RI %
T, ZZIXEENL MO ZFHRE H L
HFIMZTRLTHBY, & IICHERES: L BEHEFEo
WEEDRERTHEVIRNTH D, HERR - B
L7V — T T RE O R E AT 7 B a5 R 0 @i 7 — A
LIFEALHEETIMETH > 72 MIEEBOFELE
Wi, FRISIB U CXRHE O YT S L 2255, %
LR LEVOYNRI-N. ZORND RN
(2, RERHEHA AR HAR RS HE AR 2 FUH L
TBI%) [HEBORPETEDODOHE] L LT
O RSB X 2 RO KRB O] FE
MEETEICD 225, 5H19HICIERICTFHEL S N7z,

CORMHIEK &  SCFHAE & BB OF 50,
FREOBMIL TV — 7 L O T ) TR o g
BROSARHAIXREEEL LTiTbh b 2 LI
o7z, BARMICIE, R DD LICHARET I
PHTEAEME AT B LA L TR EDT S, 0
KR HEOERBEIRIEST S, LI BEEE
2o RESZOHHEE (22 TIIMERE, KFEHEA K
) TiE, BFHRIE Z oM fellE o aE L,
ABHRIL T RBRR 2225, B B2 TR RN
FheEh, FHx 2Lz, AARMBLEATIEISHE
DA = EFLEDR—AR—TITINSDIFEI~D
ZMEMODT, ZLOREPRIT VT4 T7ELTS
M3 %2 El%ko7z, PHPIUT LOFHE LEBN 2
e %R T, 6J6HICMIEIRTo TIERIA IR S
N7ze PRI S 58 45 1 2 580 km DL N 132
km A v 32T, TNPEIFI0Okm A v 2 TBI %
bz, LERIUIE3IRS - KRELFEFHEMZ
HL35E IS L, BEESHTIZITRS - KFIEH

BB % & Lo 19M8 B T S 7z ABRHRILE Z
DOHETHHD T TORLr W kRS h,
BUORERIE I S HIC0 & A E TiTbhiz, UYHoOK
22 AA O T PRI H 0™ o % 2l 2 & M
LT, HRB7Z21FRC (WEIE5H o#EKRT 2, 32 <
& B MARITT) BRI L BUSREME 2 T 5 Z &
EHBELD, WOLABNOAY - Lol &
R L TP 0L AR, T THRE~ Y 7
PR TE o0 EN L, LA LI
KBH Y RFERFETICB SR, ZOREL LT8H
KOBFELY 20T ERE~ vy T5%E CCR4A
R bR=) ICEP S T REZEEW
ZE9,

6. Goldschmidt EE<i% COFEBR

201148 H15H2*H19HE T, F 2 I DT I N T
Goldschmidt 2011 EI B X3St S 7z, T O &Ek
I3 Geochemical Society (GS) & European Associa-
tion of Geochemistry (EAG) 235D T, Ji
HI, deké a—a v S CREIHEERBEI N TV,
H A ER{L 225 1320034E I B CRI&#E % FifiE L 72
EMAEFOD, 20114ED T I N TORED LK
ELTEML72. Z® Goldschmidt 2011F P43 T
Fukushima Review & B3 2585l v ¥ 3 ¥ 34
EN, IHO7 vty v a v LTESNZ, 2D
v ¥ a Y TIRAA»SEZOM, FHHLA, AR
%, ERR, fMtkos8 o ARERILEASE
WX BRENDY, SHDOE N TORETHREBEIHHKR
HUE O BT B O BREEAN DO REARDIZ D W THRAT D
7= 2l L7z 200 \ARE DR OHI T, Bl
BEILENREbEN, BENEIIRELBELEIFA
720 Tty v a vid EAG OO HIF I HARMERL
RV UL THEES NS, #HRELTGS S
MLCTORRIEy v arvbhole, HEFTREZL
i, oty v a rORBICHARBEMEFRITNAZ T
EAG, GSO&SRATHEWNHEINZZLTH S,
AW OEIE HAREL A Z DK — 2= VI D 1E
ENTWBDS, KD AKEBIC Appendix 1& L TR
Fo OB TRES T IFEEIT SIS X 2 B
Y E DBRBEANOIHIRI %, SHFBE TS 2
LTV BERHY, TODII3O0EHENBE
WIZHHEE L 23S, MEMAOLE) EHRLL, £
72, SHOMROIANF-FEELRBER LEZED
729 Z Cilkimd H121&, SHOHFHO S L ST RPHE



84 HE 5

FRBICHET 5 2 LMD TEEL L OR#EE R
L7z COFBIZHAMBIEFRICCDLRZTEGR
GSDFRF—LR=TIZHHWI N TV 5130,

Goldschmidt D K — A X— T FIZd BRI N T
B, BFXOKBEEODT, K —HDOANIIHFRZ
HZ ol

7. WIMEERFERICH TRy 3>
& GIHES

20114 BE 0 H A M IR L7223 555801423139 H 14 H %
H516H DM, db#EE K¥FOMBRF v » /82 ThfiE &
N7zo 2014EEDER S T ZHIFEDOFEXOBEIEA
o T, BFEEy va VHlEBELTEBI R,
COELKDMBIC [FEIC X BREG YK OHEOM
WAl EMT sty va vyt EINS, 2oty
Ta VEIVES, HHEMEEA, HTEIER, RS
av¥—F &%, OEI2M, KA 5 —=3MFDFEN
fibihize ZOF 4 FVHIRTLHIZ, 3H11HDH
BLZNCHM LTI SR ShiKEE &GO
FIRTOHREELNRIZ, UK L THERLRIC
Bl dIREN LI RIGTREP L V) mICFEE
Bty va T, O, KRX¥—LiHELdER
Wb Tze BROZ L %h 5, WIKEIMEE S
TIFEERT IS X 2 BB h ~ OB W B Ok %
G E T HUMAREIRFEEL HED,

COMIFFRFROKERNEL Y ¥ 9V TOFR
# L 8H @ Goldschmidt [# Bf & 3 T ® Fukushima
Review v ¥ 3 V' COEE, S 5IITHEkILE&
DEBIZE L B H T, Geochemical Journal (GJ)
W2 TRERES] 2 MRS, BUE, MEESiEt
DTW5S, ZOREFTIZIZEZOMITHFH ML, S5
FRPTATLT 4 4= LTHREICSIML TV,
INFT, HELFEESZBEIRS VT4 7L LTRE
SR T FE AT O RSB OB 12 )R < B o
TE772D, ENEHEEEITT, PhrbRBZEDHN
WERALF B SRR kA L C& 722 L b
EThHb. KEHOKEZFIZ, WEEERL TITEH)
THIEIIH L THEIERZ 72 H 3P B ol
B B, BUREMIZEECRE LCH Y o F IR L
BHIMEZRA B L L RADEETHLEDL DN,
oM, MEEE, SR LTREMEICE I M
AL IV EEZ LI, HIZLOHTHRIELT
WEETLH o7z HPOVESEB/L, GIIZ
WERESZHRT A2 L1132, HELEEALEPRE

o

TR EITFRADOTLY FHAH L T—XYD
O, F7-R5ED THREMEICI M X > 2T
N ADOTIE VW EEZ TS,

8. bW I

AR TR IR 5 55— R T ) FE A O i X

DY E OBRERAOIE VWY, IThE TRER
b, MEL IR G REFOHEFIIH L
T, HARBEEHEDED LS ITHIB Lz w98
BEERTIICER Lze SO X)) RIRFICHETE L
T, ~¥XXBMEOEHEITMZ, EN, Eifo B
MEROMEESIEFICEETH L LIIHHOZ L TH
BH, SEOHERICE LT, #EORENZ %D TH
EEELN, TNEFEFIC, 20X ZE#ER VD
RSB ORLOSHE L LT, HRIEMHALT
LNTWV oI EICRWICBELADT bz, SR
BRESBECHMICh o TERTALENH), £
HMTL ) ERWT, »oRPMFRT 2 KD
BNLTHHI)o €9 LIz T, ARMBEMLESEZ
DEEOFE L) 25ENIP L TL L R, KLt
LOMHFIIBAONDEIDEMHEL TS, (B,
ARMIHAMKERER EZHEEGDO =2 -1 ¥ —
(GRL, No.8) X% LzERM (EEE, 2012) I
gE, MEL2-2b0THb, P, Bt —HRam s
BTNV Te,)

51 A 3 8

Ebihara, M., Sekimoto, S., Shirai, N., Hamajima, Y.,
Yamamoto, M., Kumagai, K., Oura, Y., Ireland, T. R.,
Kitajima, F., Nagao, K, Nakamura, T., Naraoka, H.,
Noguchi, T., Okazaki, R., Tsuchiyama, A., Uesugi, M.,
Yurimoto, H., Zolensky, M. E., Abe, M., Fujimura, A.,
Mukai, T. and Yada, Y. (2012) Neutron activation analy-
sis of a particle returned from Asteroid Itokawa. Science,
333, 1119-1121.

MEET (2012) fREHE—EFIEEIC X 2 B M E OB
BNk, Japan Geoscience Letters, 8, 8-11.

ARAS R - B — - ARHVHERE - BRILTHZ - R - B
—HR - HHWER - A ARE RS - A RTTE - IR - KT
FE - EHIEF - FIEBNG - BRAR - SERHEHE - M —
gh - R (1954) SETARBEIIZ K- 72 E B IC >
WTC. Japan Analyst, 3, 235-348.

Komura, K., Yamamoto, M., Muroyama, T., Murata, Y.
Nakanishi, T., Hoshi, M., Takada, J., Ishikawa, M.,
Takeoka, S., Kitagawa, K., Suga, S., Endo, S., Tosaki, N.,
Mitsugashira, T., Hara, M., Hashimoto, T., Takano, M,
Yanagawa, Y., Tsuboi. T., Ichimasa, M., Ichimasa. Y.,
Imura, H., Sasajima, E., Seki, R., Saito, Y., Kondo, M.,



fa S T ) SE AT IR 5 B HAHERILAE S OHLY LA 85

Kojima, S., Muramatsu, Y., Yoshida, S., Shibata, S., paign and preliminary results. Journal of Environmental

Yonehara, H., Watanabe, Y., Kimura, S., Shiraishi, K., Radioactivity, 50, 3—14.

Ban-nai, T., Sahoo, S. K., Igarashi, Y., Aoyama. M., LEEFFE (2011) SCHAZB I L DM MES S A~y 7

Hirose, K., Uehiro, T., Doi, T., Tanaka, A. and By 20 TEIRES v 7) OERIZOWT.

Matsuzawa, T. (2000) The JCO criticality accident at http://www.mext.go.jp/b_menu/shingi/chousa/gijyutu/017

Tokai-mura, Japan: an overview of the sampling cam- /shiryo/__icsFiles/afieldfile/2011/09/02/1310688_2
Appendix. 1

A statement issued by presidents of Geochemical Society of Japan, European Association of Geochemistry
and Geochemical Society at the Fukushima Review session of the 2011 Goldschmidt conference held in Pra-

gue, Czech.

Statement

Since a gigantic earthquake and resulting tsunami hit the Japanese islands on March 11, more than five
months have passed. The number of people deceased and left missing by these two related disasters rose to
15,800 and 4,300, respectively. In addition, more than 80,000 people remain evacuated from their homes. On
behalf of all the attendees of the 2011 Goldschmidt Conference, we, presidents of the three meeting-
sponsoring societies, would like to express our condolences to the relatives and friends of those who died as

the result of these two disasters, and also express our sympathy to the people who have suffered.

As has been reported by various media outlets all over the world, electricity-generating stations of the
Fukushima Daiichi Nuclear Power Plant of Tokyo Electric Power Company were severely damaged, and for a
time, control of the nuclear power reactors was in question. Measures taken to regain control of these power
plants - including spraying the reactor cores with seawater -damaged them further and, eventually, a large
amount of radioactive material was released from the reactor facilities into the environment. The contamina-
tion affected not only the areas around the reactor site itself, but also a relatively large area of eastern main
land Japan, with some specific areas getting heavily contaminated. In addition, a small amount of the radio-
active material became airborne and was spread all over the world, particularly into the atmosphere and in

the oceans.

To understand the accident-induced global dispersal of radioactive materials from the Fukushima Daiichi
Nuclear Power Plant reactors and to promote international collaboration in further response, the Geochemi-
cal Society of Japan (GSJ), European Association of Geochemistry (EAG) and Geochemical Society (GS) co-
sponsored a special session about the Fukushima Daiichi Nuclear Power Plant accident at the 2011
Goldschmidt Conference in Prague, Czech Republic, 15-19 August 2011. Through this conference session,
GSJ, EAG and GS developed a common understanding of the Fukushima accident and agreed to release the

following position statement to the world.

1. Disclosure of monitoring data of radioactive material

The geochemical community tries to assess objectively the ways that radioactive materials are spread region-
ally and globally and readily makes available any data to the public. We strongly urge other organizations,

including governmental sectors, to follow the same action as ours.
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2. Continued monitoring of the spread of radioactive materials

Considering the fact that the radioactive nuclides released by the accident at the nuclear power reactors have
long half-lives, it is strongly recommended that monitoring in the environment remains a priority for the
foreseeable future. To carry out the long-term monitoring effectively, resources - both financial and personnel

will be essential.

3. International alliance of researchers for global monitoring of radioactive materials

Radioactive materials spread not only within Japan but also across the globe. Because of that fact, we find
merit in establishing international collaborations promptly to conduct the monitoring most effectively. To fa-
cilitate such an alliance and make the collaboration functional, we strongly urge the developed countries to

contribute toward these efforts.

4. Future perspective

As developing countries industrialize, there is going to be increasing demand for energy. Barring the emer-
gence of an unforeseen green energy in the not-too-distant future, economic growth is going to come at the
cost of ever increasing additions of greenhouse gasses to the atmosphere. This is likely to force mankind to
make hard choices about energy, including retaining nuclear energy in the mix of sources. It is our collective
responsibility as global citizens to try and understand how the accidental dispersal of radioactive materials

impacts the environment before potentially expanding the nuclear industry in the future.

Mitsuru Ebihara (President of the Geochemical Society of Japan)
Bernard Bourdon (President of the European Association of Geochemistry)

Samuel Mukasa (President of the Geochemical Society)



