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Characteristics of Microbial Mats in Fukushima Prefecture, after
the Pacific Coast of Tohoku Earthquake on March 11, 2011

SHIMOJIMA, Y. , KATO, T. , OKUNO, M. ,OHTOMO, Y., TAZAKI, K.

Abstract; The characteristics of microbial mats formed after the 2011 off the Pacific coast of Tohoku
Earthquake (henceforth the 3.11 Earthquake) were clarified by studies of their living environment, chemical
compositions and microscopic observation at following four study sites. White microbial mats formed in
flooded paddy fields at Karasuzaki, Kashima, Minamisoma City, Fukushima Prefecture were damaged by salt
water of Tsunami after the 3.11 Earthquake. This microbial mats consist largely of diatom with mineralized
halite and gypsum. Cesium of the radionuclides were detected in microbial mats by using a Ge semiconductor
analyzer. Particular elements concentrated in microbial mats were detected using SEM-EDS. At Azumagaoka
park, Haramachi, Minamisoma City, Fukushima Prefecture, reddish brown microbial mats aggregated with
iron oxidizing bacteria, Leptothrix ochracea, were found in spring water along a gutter. Iron concentrated in
microbial mats were detected using SEM-EDS. Hot spring water suddenly spouted from a house foundation
located in Uchigo-takasakamachi, Iwaki City Fukushima prefecture after the 3.11 Earthquake. At this site, we
observed reddish brown microbial mats, formed by iron oxidizing bacteria, Leptothrix ochracea. Similarly,
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very hot spring water spewed out from a shaft of old coal mining situated in [zumi-tamatsuyu, Iwaki City after

the aftershock happened in 11th April 2011. At this site, we observed that sulfur and gypsum were formed

in sulfur-turf develop in sulfide-containing hot springs water. It could be concluded that the bacteria inhabit

adopting each growing environment selectively forming microbial mats and they concentrate particular

elements.

Keywords; The Great East Japan Earthquake, microbial mats, electron microscopy, bacteria
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Fig. 1. Locality map of microbial mats in Fukushima,
Japan.
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Fig. 2. Field views of microbial mats at paddy field in Karasuzaki (A), microbial mats in Azumagaoka Park,
Haramachi (B), microbial mats in Uchigo-Takasakamachi(C) and sulfur turf in Izumi-Tamatsuyu (D).
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Tablel. Characteristics of microbial mats and water quality in Fukushima Prefecture, Japan.

F1. BEENONA T~y b EKRE DR,

. . . B : Azumagaoka C : Uchigo- . .
Location A : Karasuzaki Park Takasakamachi D ! Izumi-Tamatsuyu
Sample White microbial Rf?ddlsl-l brown Re_ddlsk_l brown White sulfur turf
mats microbial mats microbial mats
Characteristics stfl-tCI' ttype Ca®-HCO™ type  Na'(Ca*)-SO,” type Na'-CI type
of the water alt water i i i
W (Tsunami) Spring water Hot spring water Hot spring water
Temp. (C) 1.0 -0.2 7.0 11.0
Water temp. (T ) 0.1 7.5 22.0,25.0 59.0
pH 7.5, 8.0 6.9 7.3,7.8 8.0,8.3
EC (mS/m) 3480, 4520 36 186, 187 480
79, 94 22 -42,-82 -331
ORP (mV) . S . .
(Oxidative) (Oxidative) (Weak reductive) (Reductive)
Bacteria Diatom fron OXId%ng Iron oxidizing bacteria ~ Reducing bacteria
bacteria
Mineral Gypsum, Halite Ferrihydrite Ferrihydrite Sulfur, Gypsum

#HZ 4T 80cpm TdH - 7> (Table2).
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FH 3t o W RO A AR O W B A 18 L2 B3

X502, FAMAT20124:9 H 15 HICHILL,
201346 A 5 HIZHIE L72KHNA < v M RE
@ Cs 12 2000 — 2200 Bg/kg-dry TH 1), “'Cs iz

4200 — 4300 Bg/kg-dry TH -7z (HIFIZ2> 2014a).
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@, 1995). T OEDOWTY Nitzschia filiformis &
Nitzschia scalpeliformis 13 & b 12K S MK E T
Ji AT A A, W7 & DK S W E AT

T, FKE TR TIE K E Tl RS (NEIE
i, 1995). B AKEHEIC L AR ERRIANE

DORERBFR ORI IIZITEHT 5.

Wy BEAROBEENL F < hO SEM BT
X, K& 12um, B 10um OEBERWE L 2D
P 2 5 el s s (Fig3B). E
BERWE IHZETHIEO 2 WEMRN 2 TEEE R LT
Wh PEOESRWE L, FOREL X OITES
Wit B & #M B Leptothrix ochracea |2 & 1) TERL &
n, PP HITHE LTI ARG L7200
THb.

NI O FH N 1f F < v b D SEM Bi%ET
X, K& 12 pum, EX10um OEERME L 20
JE P BHI AR F R R 20-30 um O MEARI) ASEI 2R &
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Table 2. SEM-EDS and Ge semiconductor analysis of microbial mats collected from in Karasuzaki (A),
Azumagaoka Park, Haranomachi (B), Uchigo-Takasakamachi (C) and Izumi-Tamatsuyu (D).

£2, TANF—EA - EETEFEMEREE L 7V~ = AR X 281 <y b OGHTHR
K, B TSR (A), BAHETEITXHR > AR (B), Wh S ARSI (C), wh EiliRERE (D).

A B C D
Methods Element White microbial Reddish brown Reddish brown .
;i . . . White sulfur turf
mats microbial mats  microbial mats
C K 0.00 0.00 13.34 10.92
Na K * * 1.57 0.15
Mg K 2.06 0.62 0.10 ND
Al K 3.13 0.00 2.55 0.09
Si K 28.08 2.25 11.13 2.20
S K 2.02 0.77 1.56 16.80
Cl K 6.58 2.83 0.20 0.10
K K 0.56 0.72 0.30 0.49
Ca K 1.13 2.89 1.03 4.23
Mn K 0.13 0.23 0.20 ND
Fe K 2.73 57.43 12.15 0.31
Sﬁigi?s Zn L 731 6.02 0.00 ND
Zr L * * 25.22 *
Ag L 0.00 0.00 ND 0.85
I L 0.08 0.02 ND ND
Cs L 0.00 0.17 ND 0.00
Ce L * 0.06 0.00 *
Nd L 0.13 0.03 ND *
Hg M * * 0.00 1.89
Th M 2.05 1.66 0.00 0.00
U M 0.17 0.13 0.00 0.00
Np M 1.00 0.38 0.00 0.00
O K 42.83 23.77 30.02 18.27
. 1131 N.D. — — —
Ge se;rrllgi;):i(:uctor gs g 47‘ g 88 o . .
S _ _ _
Dry Sample 140 80 80 80
. 2011/11/14 — — 430 Drainage 330
Radiodosage (cpm) 7,31 014 85-130 — — —
2014/1/11-12 160 115 60-90 80-110
Mass concentration, *: Element that is not set, 0.00: Analysis value shows zero, ND: not detected, —: Not

analyzed

DEREB L O TEGHRE R O 8RR Leptothrix

ochracea |2 X VI E NI EES L2 DTH S,

Leptothrix ochracea \3RMEDHIFEEME CTH D,
o a EOKRPICHATHET 5. 385 ol pH
6.5~75 hEETHL. ML 2~4umDOH
FIET, REROBPIHEIC—FNIIIEA THRIRMEE
e 5. RREITEHIRTIZ L A LTSS, 1§
F)2 pum, BS1L200 um GIAIET LT LD 5.

FIREORIZ DT Z Lo ThH, ZIF—ETHS.

AT I L TRIC R o 7oA S5 2

i,
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ENBLL v UNBIEPHE, 1995). By BAR
B & OREIHT o 3 K R 78 A R S R AL R T BE
FUuzlE <, BULTBY, 5D M5 &
A, pH6.9 ~ 7.8 OHFEIKDIRETH V), Leptothrix
ochracea DERIRIBEOFHHIZIZITERT 5.
REZOHMBANA F <y D SEM B TIE, 40-
50 um OIVFARIRD 7 4V 7 EFRROYEHRD 5
N5 (Fig.3D). TEREMIFEE & ORISR 5,
HE N A 4~y MIRITCHEMR R ANRE S D A 4
5 (SO7 R HS % k) #MYAATHEETAM4
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Fig. 3. Scanning electron micrographs of microbial mats in Karasuzaki (A), microbial mats in Azumagaoka
Park, Haramachi (B), microbial mats in Uchigo-Takasakamachi (C) and sulfur turf in Izumi-Tamatsuyu (D).
3. SEATIE FBEMEI L BN 4~y MBS, BAETRRE (A), B HERXH, RAE (B),

Vb SRS (C), whEHiRER (D).

TIUNTHS.

N T2y FODHETFEMBICL 21EZ0ER
BIEOHB/NA <y MIBIFAH SEM-EDS 12 &

LILESHTIE, Sid b4 <, Mg, Al Cl, Ca, S,

Zn LA N7z, (Table 2A, Fig.4A). SEM %
12X DR TUE SRR, S, STiETr A4V 7ICH
K9 BI1ED, K (EEER) HSROWERA VD A%
WAL M) T ADAEMIZEVAZIBLONT A
k2 LT\ A (Table 1A THiHl).

Hor BEAROFREONA F~ v MZBITH SEM-
EDS 12X ATLHESNITIL, Fedmd£ <, Si, Cl,
Ca, Zn LM &N Tw 5. (Table 2B, Fig.4B).

50

SEM %212 L 2 BB e RO R2 5, SMH
12 & ) KEILEk (ferrihydrite) 2SR S N7zE % 2
5i5 (Table 1B TH#).

BFoHEm NN, <~y P BLOH s EARIZBL
LZIEESHTIE ThR U shzbon, i
S OHGHERTEIZ OV TIZS R, HoTEIZL->T
DIFFEEHED L. B, AW L 5B ED
BEIZOVWTIET A AR F 5 T4 L O FEHE
AHY, Uxigsg L mEwMiLoE T HEmsEE A
AIRENT VD, Fio, FEBRIZ X AW IIKER
o U, Th T @O, 1996).

PR YT O RN 1 F < v MZBIT 5 SEM-
EDSIC X 2L EHMAER2 51 C, Si, Fens
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Fig. 4. Energy dispersive X-ray spectra of microbial
mats in Karasuzaki (A), microbial mats in
Azumagaoka Park, Haramachi (B).

M4 NAF=<y POFEXBANRT MV, BEIHE
HRE (A), BRI XCR - EARE (B).

% (&7 (Table 2C). SEM @l£212 X 2
RERTLEDHE RS S, SME 12 X Y KBERIL 8k
(ferrihydrite) 2V & 7zL %2 515 (Table 1C
THE). 2B, Zr A OEEILLLDOTHD.
REBOHEBENA F <y MZBIT S SEM-EDS
X BICESRERED,SIE, SARDEL L, C, S,
Ca b &N /z(Table 2D). SX Cald, /N1 F < v
MIEDIREREGTDPHA T TRAZ ) 2B L TW
% (Table 1D TH#). 7B, SEM THZEIN/27r A
VOUNGEET L0, FOERSTH S Si b
LY AAS
z =

TREtEE & MED

WM OB ENC X 0 A H S AR 1R
FLREVES EERRIC, MAEWITILVEELRLONE
HALL, Ao LB s L L ARt
Bl OSNA A+ 3455 )¥—ary) #ffoTnbe
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FZHNh, MAREEYL, KO ERILETT
TR EDTANF -2 HTELELTWD. REE
TANVF— L LTHAT 26 E O RFEN % S 0
23S, Mn, Fe Zffl - EC L THEEZ SN LHEY
T 5 (Tazaki and Hattori, 2009). (I& A & 5T
DEMEIIEOFIIA T 2EZTBY, 22, it
LSRN IR DM S BOKBRBE |2 — R BIIZAFAE L, fill
e L COMRET o Tz, BUE D oy e be
BRI ESEREGICARL, K H, #%
B ot t~y Y EEoTwa (HIF,
2010).

WA, MR B B HBEER L KBERD
B L, AT SREUEA I oWV T ORTSE
LA % { % o7z (Alve and Murray, 1999 : Lioyd
and Macaskie, 2000 ; Yong and Mulligan, 2004 ;
Mulligan et al., 2007 ; Krejci et al., 2011 ; AP
72, 2011 ; Vysotskii and Kormilov, 2011 ; Tazaki,
2013 ; WG, 2012 ; HIFIEA, 2013a, 2013b; H
W37, 2014a, 2014b). FEflE LT, Abdelouas
(2006) 13 FiREOE SR L BRI L 27 7
VHLRD A OBEHYIIOWTHRE L W5, {5
X NHT AR X)) 25 U, PRa, Rn, *°Th,
As 7z, JEBoO g, K, H#T K R 2
ZRIET. ZOHRT, 2EONT T TREEL,
MR O JE B SRR F- 2 A9 7 L T\ 2 BT BEERS
BHAVRENT WS, E512, B TONA AVHO
NAF<w M2l Calk UDBEL TS (Tazaki
et al.,2001). O X ) \ZHEWIEEREHRE OB
% T T HEIEDTRET, WA TE L RET S
W5,

2011 4E3 H 11 HORBE N EEHE —H1 )%
BITOFRRIZLY, ZEOBETRREMESKI L, K
K ORLE LFTWHEICOWMB L, 34F7-o72BET
MG REG S I TRA 2 KETH B, ABFZEICL D 7
Vv = ZREEARR AR, AT — 32T
¥ & — (GM A, HAZcpm) ZPFH$ 52 L
T, BIFOBBNA F <y N TRERRY oo
WAL MA Z EATE L MAEYITHE
WIZHLY A A TZTCH % i Lk s 212 S
5. BRI, HEMEESKE L, PSP WiEEL b
B A LB RS 2SI A - B E S T v
% (Tazaki, 2013 ; HIFIZ2>, 2013a, 2013b ; HF
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(37>, 2014a; 2014b). S HIDOFERIE, NA A<y
NS EE 2 B SAA T WD Z L ZRBL T
L. A F =y FOSYLERIC X YK S A
29, NTA N, KBGO TR B &
{LEWEEV I VOT, AR - A

P L RO THWICBAE L TV D EEZR 6N,

S5\, MEHEEREIEEEETNONS <y T
RS, WHEHHNONS F <y P TIERER SN
Tww, i, Bz S0 3t 1 4
~v b, Wy RAEOREENA 4=y PAELY A
K, EEALZZbDEEZ SND. IHZEDTE
FEIZOWTIE, 4%, SEM-EDX 7213 Tld7Zz L Bl
FEZ Lo TORGEERH#ED .

7T YHIRR A ETH BT, SMEIZLD
TS EREAE &2 R AT & 2 EBIH L i &
NTw5 (Waite et al., 1994 ; Lioyd and Macaskie,
2000 ; Yong and Mulligan, 2004 ; Mulligan et al.,

2007 ; Krejci et al., 2011 ; Cygan and Tazaki, 2014).

S5, HREEICBIT ABEYOISH EFHIZ X
DEBEIME LB MG S Ths ), Bbokte
TAEOTIEBENDOEB T EE L 72NAF L AT

I—YarbHEOHED—DE LTS (HIF,

2010 ; HIKE2>, 2013a, 2013b).

MEIZ & - THE R B4R 5 Y 2 R E
252 DiE3 MBI BT, BEMIZL 581 4 3
A7 V¥ - g VIR RE R BREME S & LTl
FEEns.

X502, 20134610 A 14 H 12 B CERELL 7258
BECEN L 727 b~ = 2R BT X B s
PEAZAE ST 1Z, 2012 429 A 15 HIZHRI S 723
BedFEmInTBY (HIFIZA, 2014, 2014b),
W& ORREEII T 5 &, HCs, PCs iz I
B 15128 LTwWa, PCs oWFRRyE X
206 4E£T, P'Cs DFNIZI03ETH Y, HER
L2 EAE YRS IEH L. 20
WAL & 1/5 ~oA D@ IEIHED O ) &
W2 X2, WA, g, Wbl 21EHICE 2D
O ETRVES I, TS EYE = A ARSI, S
EL, SEPLIERIC L VERT 5 2 & THEERi <
[R7omtE] & LTHRDURENEYD 5.

52

atEE LB R

PHBEERSR, SHPE=8NE%, L3RR EENR
B, BEOIKERIHHEMELELT52 LT
MoENTWD, Fio, BREE RO a» A
WL DIEY IHENTVD, SIS OBEWIZFERE
THEELZED, BHTRMLARABIZNOT T
BT TR - S TE D, o, MEWHR
WIRRRAERI & 0 2 b BT 2 i oiig T &
ANy NeHDH, KEA LT VEENDPH 1.2, i
A3 99.5C D5 R - B EJIHRR 3R E 0
WNAF =y FDBEL G L, ZO#HEIEL 5000 -
5700cpm, =L T, /NF 1 b (BaSO,) 79ER LT
W% (Tazaki and Watanabe, 2004 ; Tazaki, 2009) .

51, ZEHREOBRMNAF <y MIERRK
HY0.17 uSv/h 2R LT, N4 F =<y ME11.9 uSv/
h &<, PU (6.4Bg/kg), *°Ra (6.9 x10°Bg/kg),
*%Ra (8.3 x 10* Bg/kg), **Th (8.8x10°Bg/kg) %
HEATWD, ZONA T~y MM S EO KB
PRELH (ferrihydrite) &~ > 7> % Bl |2 ihE L
T (FEE - HIE, 2007). PEO=81EE (pH
7.2) ONAF <y b OILEHKIL Fe 28 66.0wt%,
Mn %% 15.3wt%, Si 7% 6.9wt%, Ca 7°5.0wt%, As
AT 4.9wt%, S 75 0.5Wt%, Sr A% 02wt% & Eh, £
O T /N7 7Y T, BRE, BEIS AR
LTwa, F72, PRaldMEY opkse kg g %
EOMBEAME #IZ Lo L LT, FIIMELTY
% Tl 2 K R A LR SR T 1 2B LT\ .

UEOFEBO LI, NAF<y FhoIEEIC
W PRa Ml & A X B T
BOFHRMIN B 5 REBHEEEE 2 55K
b, KBEALERILY (ferrihydrite) 134\ FETH
Fi (25 x 105 m’/kg) ®¥Fo70 , FETLHE, BES
&, AT R S R ICRE T A & D
(Schwertmann and Fitzpatrick, 1992). ferrihydrite
ZF ORI, PHKERETO 6 iy T v E
E1 5 (Waite et al., 1994) .

WEER IR AR DSE L 72 b & TR T B
FOREZEOMRBAKIE, BRKENE) FERHOH
PHICY 720, T EEBTIE, SO L 2R b e BB
WZHolzZ MRS NL. LrL, ERIZERT
LR A, PUSREIRIT A8 R £ 88 1 IR 7 7k
BTHhrDIIHL, REZETIE, ELIETHTH-



7. ZAUIPIEEEIR T MR KAS A ) (L E B L 72
TANE @ L, BRRICHEAT S TRILEN/ZD
DEWEIND, —hH, REZETIHIREOIENIC
B L ZRRADH EE TE LA 5B L
728, BICHIZRIREEIZ S - 72 PR BRT O iRk
1%, RERICHNTECWEREICH 5720, &k
IR A3, RO SRERILAI R 1 & 0 IR
HKICHETAA TSGR IRE LD LRI
5.
REFORMAKIZ20114E4 A 11 HORKRRIZED
WEEGARERE DA T4 VORS00
WL72, REBOERBAKDKEIZNa-Cl TH 5
B, EEGARERIEEAE T -F MY L - e
EERIRR & S, RRELRLKEERLT.
g, EEAKICER SR ZEEN, Ty b, @
TEHEMIE ORI & 1 R SO, % HS % 1
IO LTBRELLZEZRLTVS. 512, H
fNA <y PTIRIREBTICETND Ca,’ B X
OSSO O AT NERENTEY, BEMSTD
SO WA L7729 —2DFEKHE > TWV5,
ZHDEIHIZ, BEEANIER SN NS F< v b
X, BEALICHEIS Lo B A G e L, B

-
—
N,

EDTTCHE T iRE LEELT A2ENAH 5. Z0k)
BNA ATy MCEBIURREEMNIZ, HRSN

72K R KB DOBIERIENOEH, ke i 4 0E
MIREFEEHUC L ) RYIMIZD 7o TREDIERE S

=

B WETEE OB GG T 2 2 EMIfFTE 5.

ARWFZE TR G & L2 & 2 BB R L
GRS T I b RLEE LW LS, FiT
BTl Jik & L COFMMDPEARF SN 5.

SIRER RO E IR, AEsg AL, d)ll
F it I EEME TSR LT AL
F—GHWAMEIT) b, HHEM> TV
Wiz BRASHIELREF OERERMBRIZIE, —
POV F = - GEARITE TSR E I X A LA
ML IZ BN T, THREWZw BREOH
8 e Lim R AR A A B K ORI I3 B
WRAEIZBWTHEAZE o Twielwie, HErS
B, HABWR, AERAR, RAESE L, &
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AR, SEHE AL EEARERHR R LT

THI1n iz o, BROEFEO £ 12E
WY TEREPTHE, ERE2EETEL 220K

BE L EFA.
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