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"Environmental Electric Ecosystem®, a novel biomass production system
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In this study, 1 formed the working hypothesis of existence of "Environmental Elec
tric Ecosystem™, in which some microorganisms use electric current produced by remote oxidation-reduction
reactions in the environment. The purpose of the study was solution of the amount and mechanism of the Env
ironmental Electric Ecosystem.

Through the studg subject, we showed that environmental electric current occurred around the deep-sea hydr
othermal vents, by analyses of mineral electrical property, mineral catalytic characterization, oxidation-
reduction potential in hydrothermal fluid and seawater, and on-site power generation examination, etc. Fur
thermore, we also showed that microbes adheres to the mineral surface under this environmental electric cu
rrent. We were not able to realize the long-term microbial cultivation under the deep-sea electrical curr
ent because of bad weather. However, future progress is promising about the enrichment cultivation of the
current use microbes in the laboratory.



B X C—19, F—19,.

de B

1. WFIEERAE LW D =
RIESCHIFRNICB T DA A~ 2Dk E
FERTHDERELLN TSR, 2O
AT ANREDL I BT XV —FHER A D
S ALK VAR HERINTWAENERIEE
NERMTH D, Flt, MlasVE =% I3A
ﬁﬁﬁi%ﬂiofﬁbhﬂ4ﬁ72$F
%5L1w5®fi@mm£ﬁﬁéht

ZORFHBIII AR+ TH o7,
&ﬂiﬁ@ﬁm@m% IR S TSR
ﬁ@%ﬁ%ﬁw\ﬁEWKiéwﬁﬂ%%P
ZIWZHR R ERET L L2 LI
T\,

2. WO HBY
*”h%%%ﬁbtg%%ﬁ%%*%?
WX DAEMIEER 2 Fe~ 13 TERIERE A RE
—é.ll (Environmental Electric Ecosystem: E3)
EAATT ., RIBRUKE N fLERE S B3 BT L
kﬁku%Oitoﬁﬁ Tt B3R A A~
AEFEDEHIRT (FRITE T E I DA
DL OEREIECHIEEN) THHYEE-> TH
DEMGEL, B3, ED XD R, i#FIZ
LoT, EnFEdomin, Eo & A
TEIZ2, ZHONNCTHZEEBRNET
Do

3. WDk

AL TIXEMEOK R 2 BREE B OET
e L, TOEEYAERELEE A D =X L%
fENTT 5, WFIEAL & RERAE A VTR
WFIECEK 7 ¢ — )V R CEREEMNTT — ¥ % £
mL>o, HEfEWY - S04 - BUK72 & O
LEEL., ZNHITHOWTYR - k¥ - £
MR 21T 5, BREEEME L TOlE
FRERREM:, (EMEMBEE O/
SRR E AR ST L., E3 OIEE DA E
%%ﬁ#éo%%mk%ﬁkﬁﬁﬁﬂ%%
W T BRSNS BV B e B R s R 2
FRESE L, B3 &2 N LI RA S, TOM
AT 5 L L b, A A~ R EFER

Z—19 (G:m

)

DRI % B 59,

(1) BHEEROKEREED S ORE - WIET — &@
PR : BUK, WKk, HEREW. SLY. AWE

ﬁﬂ%ﬁﬁ?éoikﬁ%fﬁﬁﬁﬁ¢%@
oW - (befett GEEE - pH - ORP - £
FILBEWIREREY) OWEEITH, AT
IR ES LR E R E D-Pote %5
RLTEFEELH D, 2D D-Pote IZIEERE

%%k%@ﬁ%mﬁffﬁiéﬁﬁf%

BELF 2D BROKEEITEEFAET
5735‘9!34]753%72571 (63 575>21§ EE LY D
$55). WIBBUKRIZOWTHE LI &2 fiF

DF —Z LD E3 T 0 7= O A7 g
Wend,

(2) TRl FOKRRFOfRAT « HufS U 7o BOKGOR
(ZOWT, GRRFPE, (LR, REURRIE,
FEMRFIE DRI 21T 5

(3) BLBAROME  F oIk L 7 —
4 &gl L TRPBUKGR Z ML L, E3 5 2
5%%%?60%%&%#T%%w%%Mﬁ

L. FEBICBKIZITWERE Z B
L TRD I & THEBIZBEENEZ 20 7&*
HET 5,

(4) R KRIZE T 2R EMNT - RHEEUK
RICERACFREEE = FFDiAKR, BUKEREE

’C%ﬂ\éaai)>t% 5 EREHTDH, FRBLIC

BREEELFDIAA, RESBIKICE > THE

T OWMAEM OB LRI R ZAAR D,

(5) FEIZ &L D AL SOSMEAT © Fx 13H
FEWED 7 = L R¥v v (BiEMR A
YoRTE) ONTHIZR IR X D IREEE E
OEHE] IZHOWTHE L=, RFFETIEZ
D7zl XV OFELEEIIICIT
ZLICHERT D, RFEEBAKIT X, E3
(2 & B ERERIE E OMEHEDNFER & A, AHERAY
IRNA F= RAEPFEIZOWTRE A %7

-
[

= P p »
D 1T 5, £7- B3 ([ MAEM D NehzbZ b,
E=NETN 4= SEy — >
REFEFR 21TV, B ARELUG R L [E E
pAYA /) 57, 557,
BOGD 5y F AR - BRI 21T (6) FEXIELR & IAEWIRYT « MIfa SN E 7=
— =/

FIZET EBDAN=ALDGFL~ULT ZAT O PAEWIIEEIZ A B AL T U D 23 BRI
s Quadrat Depth In situ senso Onboard sensor: s [Onboard colorimetry|
< m | (8% M) (sT@w | o (mV [ _oJum [ Tems (0 1w | [sTum ORP (mV) oH [s] (M)
#[1328-q2| 700 Jua [ | 122 1 ' 171 0 [o 1287 74 |o
Fl1328-q1| 700 j9 1 1.2 2 1 +305 7.2 2
Zlis27-a1 701 fpars i | ) 0 o +287 76 |o

1333-q1] 580 fo 1 | | 19.7 2 6 <270 79 [o
c[1333-a2| 580 13 2 | | no2 o |o 1272 74 o
=[1333-qs| 566 M9 15 0125 |1 2 +215 76 |0

1333-Q4| 566 |25 11 | ' | 412.0 |No Sampl [No Sampl No Sample No Sampl No Sampl
2u-05[1.617f0 0 ; ; M1 3 2 +314 76 |4
i 161740 1 | — +299 75 7
H |1.617p2 1 299 [ +288 73
) 1,617(mi21 .2 | | -173 72
1332-Q5[1.632[m25 o ; : No Sample No Sample

1330-Q4|1,646[m19 12 | +212 70

3[1330-as|1, 10 : : +172 75

£[1330-Q3|1 64034 1 130 [ | -263 6.9
1332-Q2|1,644] 132t 1 1 325, [ +97 6.5
1332-Q3/1,644 156 ) $ 735 -256 6.2
1331-Q1[1.499)14 o | I No Sample No Sampl

«|1331-Q41,.477)m12 0 | | +282 76

Sl13a1-aa|1. 12 : : +266 7.3

£|1331-qs5)1,477 72 112 | | +123 |62

1331-Q2|1. 76 419 235 7.0

Fig. 1 Measurement of some chemical and phisiological elements in seawater of hydrothermal fields.



ER LR O TW5D, RBEEKITEE SN
HF A= —PNE O 2R T LD,
Fh=—EME AV EBERIEE YT AL
FAZH N B8 T2 2D DAY N H
Bt SN2 AlErEDN @V, FPITEME O
LB D DNA IZ & D BB 21TV, &
O IZERERE A M 2 WA RS - AW
FHIR IR 21T D 6

4. WFFEEk R

(1) EEEUKBREE D ORE - HET—F D
PRI RMEEVKEREE N D Ok - HET — 4
ORI AEZHME LTHE N7 71281 5
MRS SN U, e EOKBR BT R
(BAK, WK, HERED) . 9. £ ORE
DB AT T1-, FT-EX LT —%
WEIZ R HIA A THUL KT IR E SN D B
WME LW OERE, KB L D& R A 4
V. WABEITEN (ORP) DBEIEEFT,
E BT DT Y — TIRECIRF IR 35 e B
DHEE BT -7~ Fig. 1),

(2) R B GURL O fRAT « UG L 72 TRV JEE 24
KRERBERUELD 5 B RRIZBAOKIE H LT 5 CHT
LB U 7= b i 2 B U <. S
FEmREE A ST L, & HICERREE R
E Lz, TNHORREEAECA ) DT LR
777574 RO XS IREMBM OB
LR LTE Z A, MiMbKRFRILCREE T
e PEREEWRBAEICE D D BRIz W
TEMWBM & BHODORVWIRITE W & 23V
B L7z (Fig. 2),

(B) (©)

A

o ®
=
=

Current density (A m?)
EN

-

r -

-0.4 0 04 08 -0.4 0 0.4 08 -04 0 04 08
Potential (V vs SHE)

Fig. 2 Linear sweep voltammetry (LSV) in the laboratory.
Platinum sintered on a titanium plate (a), iridium sintered on a
titanium plate (b) and a natural chimney minerals plate (c) were
tested as the working electrode. The electrolytes contained 0.6 M
NaCl in the presence (red line) and absence (blue line) of 0.1 M
Na,S. Both electrolytes were adjusted to a pH of 8.0. The scan
rate was 10 mVs™', and the scan direction was from a negative to
positive potential.
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Fig. 3 In situ measurement of oxidation-reduction potential (ORP)
in hydrothermal fluid (HF) and ambient seawater (SW). (A) Photo—
graph showing the measurement of the ORP in the hydrothermal
fluid at the CO014G vent site with the inserted electrode. (B)
Change in the ORP value during the ROV dive. The measuring
points are shown in closed circles. The arrows indicate the times
when (1) the ROV was above the vent, (2) the ROV landed on the
seafloor beside the vent, (3) the anode was inserted into the
hydrothermal fluid, (4) the anode was removed from the hydrother—
mal fluid and (5) the ROV left from the vent.
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Fig. 4 Electrochemical properties of SW and HF determined by
voltammetry methods. (A) Cyclic voltammetry (CV) in ambient
seawater. The scan rate was 200 mVs™". The current densities
of oxidation and reduction are represented by purple and blue
lines, respectively. (B) CV in the hydrothermal fluid. The current
densities of oxidation and reduction are represented by red and
orange lines, respectively.
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Fig. 5 HF-SW fuel cell installed at a deep—sea hydrothermal vent
and its electrical generation. (A) A photograph taken by a camera
located above the payload of the ROV. The anode of the fuel cell
is inserted into the hydrothermal fluid. (B) A close—up photograph
of the LED lamp showing that all the red lights were illuminated.
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Fig. 6 In situ electro—cultivation system on the deep-sea
hydrothermal vent. (A) A schematic illustration of the
electro—cultivation system. (B) A photograph taken by a

camera of the ROV. The electro—cultivation system is installed

on the hydrothermal vent.
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