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AFETIE., FlbkEE2 TERBICEIR CE BYMIIHEZEME Chlorobium limicola % F
AT aRMERMENAAL FV T 7 Z—OREEEE D I LT, N FAEEEEICRIETH
BEOEEBzONWTERKMICHRN Lz, EEMICIE, SEREME C limicola DERREERR
B (23°C, pH6.5103) ZEEAMHT TITV. SRR BH TICR W ThHi{bAkR OH&A
B EE 2 L7, IR BABOET (RS 300 ~ 800 nm, RIEHEK IR 580 nm F
VT, YERREE 5000 lx) L IERABEKE A F— F(E—27EE 735425 am. JERE 10 k)
PO LCRIE SN EBMEEE L, AREBITET OBE T TI0%@EM LI, i,
10 Ix DETRIMBEII S A F— F & 5000 1x O AGEEIIT & TRE{EEICRERNT £
5. BRI W OERAEE (EE 735825 nm) DX R AT —BNRBE ThH D L HEH
Eniz, C limicola DYAFKERNFIRICE Z 7§ IRIMRIEO BT, BERASR
DELEZRESES ) XA THEDHRFETH I EBTRENTZ,
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EEFHICZEOHBMBE X ILESY, AEMEDODRBIZ L > CREBRELHESE5E, #
DRER. ABRFAKPBELE X512k y, EEICERT 28 EME IIMEEE 2385 L
THAEAREZRESE D, O KR EZEATFEAREANEBL N LR LTS L, KB
I Tl b ARR OB (HyS + 120, — S + H,0) 12k - CHAGERENED |ICHE S
NTEBRAKENIBEND & &b GC REOHALAR R EZ®E L CTEBRT B L5135,
DX RFEBORET, EBRRKANEBICHRAT S L L BT, REOFKLAKEREY
KHETHDZ &b, ANMEICEALREEELZE5X 5, LizRoT, FHOREL LT
HL5KEIZBVWTEBRET OML/KEZBEIBICERE L. %E*ﬁ%:%ﬁé%%%ﬁbﬂﬁ‘i"é
BERZZEICHE- T, EBWAOEELRD Z L iTRAKE, BEBROKBERES #4735
ETEBRENCETH B, '

SOXIRREORPT, EE DL DL MAENEFIA L EBEAR - E2X MO
AN FHRIEORFEEZ BE L, YIMSIRBEME Chlorobium limicola 12 K 5 ALK
ROTLEMEBE~DOBCAEIZE B Lz, C limicola 1%, FEHEME L LFEERTED,
HKETRAFX—IR, KB AZRRRE LT, BERLKELZ cERBICBIT 28N %
o T3 2 '

2H,S + CO, + % — CHO@@) + HO0 + 28 (1)
BEdR VL, MR EME C. limicola \Z X AIEGFEHALKZED TERE~DBALEREIT
W, EGHE R RIS E#IC BT DIRERILAKED A ﬁ‘%?ﬁiﬁfﬁ@l&bfﬁ;%ﬁﬁ{/ﬁ@% (ftie
BRALKRRE, BIREGEE., AEEGIMICE 33HE) OB EEWITHEE L=,

I TABR TIE, Mo A BFRIEDO RRIRMED EBICHAIT T, SEHIEH» S OXBHT
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Blue tide HS Free surface

Formation of elemental sulfur

Consumption of 2H,S + O, — 28 + 2H,0

dissolved oxygen

FeS (anaerobic decompositio

G Bottom sediments

Fig.1 ‘ Appearance of blue tide (blue colored anoxic sea water)

IZB\WNT C limicola 12 & BTtk B OIRBBMEERZITVN, A T EBEE I RIZ TR
DEEIZOWTHRS L T,

2. WF % 5k
2.1 EBRRE
ABFFECEEA L RS SRR MBI, EE%& DCHWEREREME C limicola (DSMZ
245 BR)THh B, WAL, DSMZ OAFF u 2z (1998 4EhR) \ZFEH iz Plennig’sIT 55
i (DSMZ Catalogue of Strains, 308(1998)) T 3, HAMEEEEEIT 5 =010, FPRERE
HZ L N, R EWOAR, RICIRER & LT 98%CO, HAEAT Y 7 ST, HRERH
B D R KR I EE AR 0.77 ~ 2.30 mol-m™ 127 B K 9 12 NayS -OH,0 % A 2., 554 pH % 2 mol -
m?® @ HCl %721% Na,CO, &FAVT pH6.5+0.3 \CFHf L 7m, AEBREMT T, RELE
f&ﬂP@ Na,S DRES DS FRFLAE L UTHEET D Z L 03, BEFER{LARORBEEE
WCESHENOHER SN, C limicola OHEZ KX 31T, EEIREEZ AW TR
EE23°C., B@EEAT (Mitsubishi ) T 5000 Ix DRH T TIToh 7,

22 FEBREER IUERFIE ‘
C. limicola DEFEERIZBIT ARGEL LONCERFIEIL, BEHRVEISERFETH D,
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Fig2 1=, EREBOEMK T T, KCBAKIIEE 50 oo’ OF 7 ARMAFMFRTHY
R OBRICIE I XTF v 7 RAA— S (BET 25cm) BRI, HFEEEE P
LT 25~50 BRARIT. RUSBMORMERALAKSRIRE, IR AR SR I RBIGRIC —
i&ﬁéi#ﬁ%:@%bto HAREEC O E TR Tl MU O PR B AR E (5

HEASTREE /SRR 0B L 2B, EEEEEERIT, BE 23°C, iR pH 65103
@—ﬁ%#?f\%ﬁ¢%onA~msw,&mﬂﬁmmﬁﬁgéow»vzmmme
DA TE S TH o1 AT AUREH~ORBE L, TOME? ST 7, HIRE
LT, AGENET (JEESE 300 ~ 800 nm, WA R 580 nm (H35) EEMHLE, &
7 E A2 FVEB OV ARAMEN D YR E LT, B 7&%7%ﬂamn®ﬂﬁ%
GBI X A4 A4 —F (LED-FR, BRE{LER) ZEALZ,

AR R Y, MEEEARE AV TE S A EE M E L EEMET (400 ) TAAAIL
P LA RREIL. AFLUTA—E NACESCTREEEEZAVTRIE L, K
[SERAEE CONME T, BESH (IM-SM, TOPCO)Z IV TEHAI L7z, 2%, iREE
B LSRRI (B 2om) ZHA L CORBEZRRE LA, RIGHIART
L L. FOWERL SUU T CThot, Eie, MEBREBRO TR ik, RIA
BASHIEEESE (UV-1600, BERAERT) &> TRIE LT,

3. ERER L UEE

VLA R DB MR EBR 2T 5 BNC ., S STSRARME C. limicola AIIA O EIK (K
MR 3% 10Y cells'm?) 2R L LCTANWT, BRREEZ AT EREER T,
Fg3_\ﬁﬁj%%m.Chmmmmwmx«a%wwﬂi ERERT, & 750 nm

DIEFRARE 450 nm FHEOFRAMRIC 2 >ORRHEIBES NI, T b ORIUEE

ﬁé%%ﬂﬁﬁ%1*W%—%%W#étb@ﬁ%ﬁéﬁuié%wf\ﬂ%%ﬁiAﬁ
fU¢7DD74W\%ﬁé%mﬁm?/4FKié&W%ﬁbfw5£%i6n5Qo
CﬁmwMDﬂWX&7FW#E%%%5&\:@%%@Eﬁﬂﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁé
%@&%@ﬁ(MMmﬂme%mf&5k%%éﬂééﬁ%%ﬁ%ﬁﬁéé%%ﬂ(&
YeREAIEE 580 nm FHE)EEHEA L7, I ONERTIE T EFREAEK@50 nm (HE). TRAR
5 (750 nm FHE) TOMR T KNV F—BIFFITN S HERIZ FARFTH D LB b,
%_TKHnTJ\Chmwm@ﬁAﬁéfﬂw%@kEmﬁﬁmﬁEﬁﬁ%%f%6%
ﬁkbf\ﬁﬁ%@%%ﬁ4ﬁ~FK%ELto@ﬁ\%%ﬁ4f~Fﬁ\ﬁﬁ§ﬁ§W
BT E R, BREBEERZVHIRETLD D,
}@4m\iﬁéﬁﬁ%ﬁmfmﬁéntcﬁmwmmmﬁﬁﬁﬁ(=ﬁﬁ$)%ﬁm
%Wﬁmm?%&mﬂLfnybbt%@fﬁéo%ﬁnﬁéi%ﬂﬁﬁ%ﬁwt%%
@?-&&\%%“m6%mbtoBéﬁ%ﬂ@%%?fm%éntwﬁﬁﬁgm\@ﬁ
hk*ﬁﬁg@ﬁﬁﬁﬂﬁLT@%/~@EEﬁfﬁﬁf%tﬁ\wwmﬁ%ﬂ@%m
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Fig.3 Absorption spectra of C. limicola cells and two different light sources: (

) C. limicola

cells; ¢ ---- ) white fluorescent lamp (WFL); (= =--- ) near infrared light-emitting diode (LED).

Specific growth rate (h'l)

O L | | ]
0 1 2

Dissolved hydrogen sulfide concentration (mol-m'3) ‘

Fig.4 Specific growth rate of C. limicola as a function of effluent H,S concentration at different
light sources: (O) white fluorescent lamp (WFL) at 5000 Ix; (A) near infrared LED at 10 Ix; (H)
near infrared LED at 10 Ix and WFL at 5000 Ix. Solid line was calculated from preﬁous kinetic

expression”. Broken lines represent the data points under near infrared LED illumination.
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Fig.5 Estimation of growth yield of C. limicola on dissolved H,S at different light sources: ©)
white fluorescent lamp (WFL) at 5000 Ix; (A) near infrared LED at 10 Ix; (H) near infrared LED
at 10 1x and WFL at 5000 x.
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Fig.6 Liquid-phase oxidation rate of dissolved H,S in continuous culture of C. limicola as a
function of dilution rate at a feed H,S concentration of 2.1 mol-m™ and at different light sources:
(O) white fluorescent lamp (WFL) at 5000 Ix; (A) near infrared LED at 10 1x; (H) near infrared

LED at 10 Ix and WEL at 5000 Ix. Solid line was calculated from previous kinetic expression”

Broken lines represent the data points under néar infrared LED illumination.
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AN TIICREDEEL ZIT 2o 7 Y, HIRISERAE LED ZAVWEHEITH,
L HE T FE O EPIE T F R K RIBE & & b2 L 7=, /RSN LED ORI 10 Ix
BETHEFIZH LD TH B0, LRI LED -(JEE 735+25mm) ZAWVWTHEIE Sz
EREER 1 5000 1x D BEAMIAT (K 300 ~ 800 nm) & AWVEHEITHSTO NI
RKLTWBZEBbNrE, TOERERND. C limicola DA RLEER & RKBRIE &R
TERIREDORKN A, MEOHMEEZmD D) A THENRFETH DI LRALMNIZ
Toote, Eio. 10 Ix OIFFSE LED L 5000 bx 0 3 AT & C 1t AR EE |0 K32 72
NI EMD, FYERICBWCERAEE (R 735425 nm) OXETRVF—RRBETH
B ELHREND, T HIZ, HRICAAERLT (50001x) LFTHRAGEIFNESY A 2 — F(10
K)ZHAL7ZBE. BEREASR Cs = 1.3 mol-m® THEIE Shiz hBEE L, AR
KT OBEITEEST39%EBML 7=, '

Wbk T OMAEVBIIZE T 2 BERRICKIETTHRROXELHALNIIT 72D
Fig.5 IR T £ 912, Fifb kR OB EIZx LT C limicola D¥EFEMIaE (FUssH AT
DEBEERE) 270y b Lk, 2B, AREXITEZTEAVEEEDERT — 738
H|UNEOEIATH D, HIRITERIMA LED AL TH, MEME{LOERBRITE
bblnz eBNbnsd, HP0ELT—F 2 HFITITERRRA/ZESER CTRELZHE
B (HE84%%% 0.938) . MBEIBROWEL L 0 FifbkR DEIZE-D< C. limicola DERILER ¥;
EL T 125%X10" cells-mol” BELNE, ZOHEMIL, AEICITETERVWTHE
SNEEENED (1.04X10" cells:mol? ) &ITIE—HKT 3,

— B RS BIC BN T, BEREKRORIGHEAERYE 20 O FEBRE
Elx, RISGBARB X OH AR T 2AMIEKRBEDE (Cpy—Cy LHIRE D O
ETHEZ b5, Fig6 1T, E—HEEEHICBT 2ETEMILKED A FEEREIZRIET
FREBIORBEOEELZRLELOTH D, BEENRTET EAVEEOEBREE
:Eﬁﬁ“é;@ﬁﬁr~—& (Mo OH) BLOFER (RFOER) 1T, R "165IHSH
ZbDTHB, . B ORBERITERE U GERSMA LED & AV TER s h =K ¥R
ﬁ@ﬁ%ﬁf%é ﬁﬁmaéaﬁﬂ(wmm)tﬁ@FA X KA BOEFE A 1.84 mol-
m? b THBH, EFRSME LED (10 1x) AT 5 Z L1 & o TRKREZHBEEE T 2.38 mol-

Sht iz L 7,

4. 45 % OB E ,
A ST ME C. limicola \Z & BBEIERALKEOB{LERE 23°C, pH6.5+0.3 DK
ST TV, BLEEICRIETHROEELERMICHRN L, TORBR, HKRICAE
AT (5000 Ix) &FRABREE A F— F(E— 27 & 735£25 nm, HRE 10 x) Zff
L CHRIE S-S kB L R (2.38 mol-m?-h)iX, AEBIET 2T DS (1.84 mol-m
b)) ICHRT 30% N L7z, C. limicola DA EBRPERRIAE & TR0 O R
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Fig.7 Prevention against blue tide using photosynthetic sulfur bacteria.

25, FEAKRBOBLERESE D) XA THIRFETHD I EBRALNICR ST,

Ll D BREROBFFRIZ & o T, IBIFR /K RIS 3~ 2 ML FME C. limicola DFRALRE
NEEENCIBRET 52 LN TE o, 4%IE, Fig7 IR T &5 2F#HMET 222D
EEH S LT, KA ARRAMAED RSB O R CBRIEL ROV TRI 21T 5 BED
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A Fundamental Study on Microbial Removal of Hydrogen Sulfide
from Anoxic Sea Water on Sediments by Using Phototrophic '
Green Sulfur Bacterium
- Selection of Light Source for a Night Operation -

Yasuhiro Konishi and Toshiyuki Nomura
Department of Chemical Engineering, College of Engineering
Osaka Prefecture University

Summary

Because the presence of hydrogen sulfide in sea water on sediments poses
serious problem of blue tide (blue colored anoxic sea water, so called Aoshio
phenomenone), the removal of dissolved hydrogen sulfide is of importance in
control of environmental pollution. Although physical and chemical processes
have been extensively developed, another possible process is the removal of
microbial means. One of microorganisms responsible for the sulfide removal
is the phototrophic green sulfur bacterium Chlorobium limicola, which is
associated with the sulfur cycle of aqueous environments.

In this report, the anaerobic oxidation of dissolved H,S into elemental
sulfur was studied at 23°C and pH 6.5+0.3 in a continuous culture of the
phototrophic bacterium C. /imicola at different light sources. The maximum
H,S oxidation rate measured using a near infrared LED (light-emitting diode
with a peak emission at 735 = 25 nm) at 10 Ix was comparable to that for the
white fluorescent lamps (wave length range of 300-800 nm) at 5000 Ix.  This
suggests that both the light sources achieve nearly identical light energies in
the long wavelerig‘[h region of 735 £ 25 nm. Moreover, the combined use of
the infrared LED and the white fluorescent lamps provided a 30% increase in

the maximum oxidation rate per unit reactor volume.
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