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SEM-EDX Elemental Content Maps of Organisms in Radioactive
Environmental Pollution by FDNPP Accident in 2011

Tazaki, K., Takehara, T., Ishigaki, Y., Nakagawa, H., Nemoto, N., Yokoyama, A. and Kimura, H.

Abstract; After the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident on 11th March 2011, high
radioactive dosage included radionuclide was found in paddy soils in Fukushima Prefecture in Japan. The
elemental content maps of Cs, Rb, Sr, Zr, U, and Pu were detected in earthworm, diatoms, Foraminifera,
and bacteria in the polluted soils, using Scanning Electron Microscopy equipped with Energy Dispersive
X-ray analyzer (SEM-EDX). The results suggest that organisms in the polluted soils carry important role to
absorb the radioactive materials. The variation of radionuclide dietary intake among organisms may indicate
that high radionuclide exposure was accompanied by high stable isotope intake.

Keywords; Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, SEM-EDX, elemental content map,
radionuclide, dietary intake, earthworm, diatoms, Foraminifera, bacteria
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Fig. 1. Distribution of ***Pu and *’Pu + **’Pu near the FDNPP in Fukushima Prefecture, Northeast Japan (data
after Ministry of Education, Culture, Sports, Science and Technology, Japan, 2011). Numerals left and
right of slash represent concentrations of **Pu and **’Pu + **’Pu in soils (Bq/m?) respectively.

@M : sites at where ***Pu and/or *’Pu + **°Pu accumulated after FDNPP accident. @ : sites at where “**Pu
and *’Pu + **Pu were detected. M : site at where only **Pu was detected. A : sites at where only *’Pu +
9Py were detected. Chain line: boundary of municipalities.
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Table 1. Chemical composition of paddy soils collected from Fukushima Prefecture (No. 1, 2, 3) and Ishikawa
Prefecture (No. 5), Japan, compared with that of slide glass (No. 4). The concentrations of '**Cs, "*'Cs,
¥Sr, and *°Sr in the polluted soils from Fukushima Prefecture are quite high in 2011 and 2012 after FDNPP
accident.

F1. HEXWOMIC L BKETIEOGHHESE (201247 H 6 HllE) B L O v~ = 284k 0
IZL B PCs, PTCs & PSr, TSt AR (201146 H 14 H, 9 A 16 H, 20124E 7 H 3 Hilll5E).
No. | B AEEF RIEOKH T8 No. 2 N RIEOKHTIEIZI R AT ZANTHEELZ LD,
No. 3 : 15 5B T E N XS 0K 18 No. 4 @ X#IEHAHMHAT A F7F A, No.5: ik
AN R AR T D 7K HH 1338,

Element No.1 wt(%) No.2 wt(%) No.3 wt(%) No.4 wt(%) No.5 wt(%)
Nagadoro Nagadoro Baba Slide glass ~ Kanazawa City
(cultivated)
Na 1.22 1.03 0.567 10.4 1.86
Mg 0.924 0.945 0.974 4.96 1.44
Al 20.0 19.4 24.9 2.74 21.0
Si 52.2 49.2 40.0 63.4 53.1
P 0.294 1.93 0.816 - 0.368
S 0.215 0.276 0.224 0.152 0.121
K 4.44 5.30 3.12 0.698 4.27
Ca 3.96 3.50 2.45 17.1 2.07
Ti 0.948 0.976 1.04 - 0.988
Mn 0.119 0.111 0.138 0.0305 0.157
Fe 6.06 6.04 8.84 0.276 9.07
Sn - - - 0.146 -
Ba - - - - 0.108
W 1.23 0.442 0.0796 - -
Cl - - - - 0.047
Cr 0.044 0.048 0.029 - 0.027
Co 0.052 0.031 - - -
Ni - - 0.013 - 0.063
Cu - - 0.019 - 0.058
Zn 0.023 0.023 0.029 - 0.023
Rb 0.024 0.022 0.025 - 0.024
Sr 0.044 0.038 0.032 0.022 0.057
Zr 0.074 0.072 0.049 0.051 0.031
Pb - - - - 0.050
Heated 600TC wt(%) 8.2 10.6 16.79 - 53

- ; not detected

Ge Semiconductor detector Analitical date
Cs-134 (Bg/kg dried) 41,000 47,000 19,000 3rd July 2012
Cs-134 (Bg/kg dried) 42,000 16th Sep. 2011 not detected
Cs-137 (Bg/kg dried) 59,000 68,000 27,000 3rd July 2012
Cs-137 (Bq/kg dried) 50,000 16th Sep. 2011 not detected
Sr-89 (Bq/ mi) 22,000 2,500 14th June 2011 *
Sr-90 (Bq/ mi) 4,800 600 14th June 2011 *

* Analized by Ministry of Education, Culture, Sports, Science and Technology
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Table 2. Result of Pu quantitative analyses of paddy soils using a Si semiconductor detector.

2. SiPEEMAERITERC X 2 KH G 0 Pu 0% &= 50T R
Sample Location chemical yield Pu-239 P.u-240 Pu-238 -
(%) (Bg/kg dried) (Bg/kg dried)
1 Paddy soils at Nagadoro 53 0.027 = 0.005 <0.01
2 Paddy soils with bacteria at Nagadoro 29 0.031 = 0.007 <0.01
3 Paddy soils with rainwater at Baba 44 0.283 £ 0.018 <0.01
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Fig. 2. Scanning electron micrographs and EDX spectra of earthworm which collected from paddy soils
in Baba, Haramachi, Fukushima Prefecture. (a) Scanning electron micrograph of soils inside of the
earthworm, (b) Scanning electron micrograph of skin surface of it, (¢) EDX spectrum of soils inside of the

earthworm, (d) EDX spectrum of skin surface of it.
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Appendix. 1. Scanning electron micrograph of paddy
soils collected from Baba, Haramachi, Fukushima
Prefecture, showing diatom, clays, and mineral
grains.

1. &S E A S T R AT X S oK Lo &
AREFHEMESE, THICERE, PobFI
A ST LS. JEHIIRS T 858 & 81
WOKFTHS.

U Mai Pu Ma Th Ma1 Ra Ma

Appendix 2. SEM-EDX elemental content maps of the paddy soils shown in Appendix 1, indicating high
concentration of Mg, Rb, Sr, Zr, Si, and P in the diatom, associated with Ca, K and Cl. The Pu is located in
the clays and minerals.

B2, A1 & FRE O TCHRIEE ARG E., BRI Mg, Rb, Sr, Zr, Si, P2SR&ELCWwWA. F72, Ca K,
CLIZIL#PRIZ/ M L, Cs, Ba, S, Th, Raldfd@Eic&E TIN5, Puldthit L SWICHEL T2
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Appendix 3. Scanning electron micrograph of paddy
soils collected from Baba, Haramachi, Fukushima
Prefecture, showing cross section of diatom valve
surrounded by clays and mineral grains.

A4 3. 8 S UL A S T R X G35 ok H L o
BB O WH OEATIE F ST R, JHIHIE
KT8 L DR+ TH 5.

“Na Kai

_Th Maf

“MHKal 2 ' Y La

ClKal

Appendix 4. SEM-EDX elemental content maps of the paddy soils shown in Appendix 3, indicating high
concentration of Na, Rb, Sr, Zr, Si, P, S, Cl, N and Y in the cross section of diatom valve. Note that one of
the mineral grains contains Mg, K, and Pu on the upper right corner.

4. X3 OHEBEBOMH OTCRIRE DAL E, HEERNEIZIE Na, Rb, Sr, Zr, Si, P OiREDN
BHETHY, T/, LEOS, Cl, N, Y PWEIIFHETS. Mg, K, Ca, Cs, Ba, U, Pu, Th, Al

FEAEHEEL . F/2, HEMICIEI Mg, K, PudNBET 28R T2 HET 5.
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Appendix 5. Scanning electron micrograph of
Ammonia beccarii (Foraminifera) collected from
Ozawa irrigation canal, Minami Soma, Fukushima
Prefecture.

5. fRBREMHETOREINESS 2])%Z D
e CANFIHARDIEE W ERT 5 A LR O EA
BETHMETE. RIESREICHETD 5
Ammonia beccarii BMEHTH 5. REOHGHE
w2 0.21uSv/h TH 5.

SiKal P Kail 5 Kal M Kal_2

Appendix 6. SEM-EDX elemental content maps of the Foraminifera shown in Appendix 5, indicating the
presence of almost all measured elements in Ammonia beccarii.

FE6. XS & RS OICRRENAGH. AILHR#IZ Na, Mg, K, Ca, Rb, Sr, Zr, Y, U, P, S,
N % EOTHEDMEL TS, Cs, Ba, Ra, Th, U, Pu, Al SibME&Ens.
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Appendix 7. Scanning electron micrograph of
filamentous bacteria in microbial mats on the
surface of paddy soils collected from Matsukawa
inlet, Soma, Fukushima Prefecture.

B0 7. A S VAR IS THAR T O 7K H -3 22T 12 AR
L7enNA =y FoERRETHEFEER. 3
R A SRIROBA DTS 5.

Cl Kal

S Kal

Si Kal P Ka1l

Appendix 8. SEM-EDX elemental content maps of the microbial mats on the surface of paddy soils collected
from Matsukawa inlet, showing filamentous bacteria which contain Na, Mg, Sr, Zr, P, Cl, and small
amounts of Ca, K, Ba, and Cs.

FE 8. fREEAAHETRNEHOKHIERMICAER L7 4~y NOTRIBESMAEE, AW,
Na, Mg, Sr, Zr, P, S, CI»% %1, Ca, K, Ba, Cs bV EHFETS.
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