Joogdbootgtdbbodgtdbbotgdootgd

OO0

a0 OO0 O, OO0 oo, oo oo, 00 o0

O0o0n0 Miki Osamu, Kato Toshiaki, 1to Kimio,
Jitsuhara Ikuo

Oo0oad Oo0O0o0oag

O 30

O 3

ooad 155-159

Oo0oad 2007

URL http://doi.org/10.24517/00064536

doi: 10.2965/jswe.30.155

Creative Commons : 00O - 000 -0000O
http://creativecommons.org/licenses/by-nc-nd/3.0/deed. ja Bt MG MD

@080




155

KBRS Journal of Japan Society on Water Environment Vol.30, No.3, pp.155-159 (2007)

{/— h—Note>

HENSRCAEOBEICLS5ER A v FHKLBOERE

= K B
B E N X

m OB B B
=R OE O

Electroplating Wastewater Treatment using Halotolerant Iron-oxidizing Bacteria Acclimated to Seawater
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Abstract

The iron-oxidizing bacterium, Thiobacillus ferrooxidans, is not halotolerant and cannot oxidize ferrous ions (Fe") to
ferric ions (Fe*") in electroplating wastewater containing high concentrations of chlorine ions. 7. ferrooxidans cannot be used
for the treatment of such electroplating wastewater. The acclimation of iron-oxidizing halotolerant bacteria has been studied
to treat electroplating wastewater containing ferrous ions and a high concentration of chlorine ions. Iron-oxidizing bacteria
that are halotolerant and able to oxidize Fe?' to Fe*" were obtained from the activated sludge of a steel works coke-oven
wastewater treatment plant. A long-term experiment using artificial wastewater containing 20,000 mg-/ " chlorine ions
showed the stable performance of the Fe?* oxidation ability by iron-oxidizing bacteria acclimated to seawater. It seems that
the acclimated iron-oxidizing bacteria can be used for the treatment of electroplating wastewater. An analysis of genomic
DNA extracted from the acclimated sludge of the reactor showed the existence of an analog of the iron-oxidizing bacterium,

Thiobacillus prosperus.
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Sferrooxidans

1.1 C & (C

pHZR2~3 TIEMED BV VSIS OSBRI LAIE & L T
Thiobacillus ferrooxidans A< b THE Y, FhILFEKD
BN F ) —F v 7OSFCESERAANRESNT
WB, EHOIIMBHTOBRA v X THNPORET D
Bk (UUT, A vdHkEd~3) &g L, st
#EB Thiobacillus ferrooxidans & TEMEIBTR P DEIE L, T O
2Ty VEAWT Ay XHKRFO 2 A 4> (Fe)
RERML L, KEMEEE (D LHMOSBESIZHEET D
LIk, BEMEREEINT 2 n A eREt L T&T,
IRETIZ, A v FHKQEIZSKBRILARE Thiobacillus
ferrooxidans BIERT A LR, Tr=v 7 aR RhE
WELEA DY, FIAFREMERTSICHD I EERELT
310,

LAL, BREOBRIIBVT, A vy¥FTHFRERTIT
2 HEEE AV BEAIIE, A v R IHIKICKEDE
BAFUNREEN, ZOXIRPFEADEEITIZ
Thiobacillus ferrooxidans i 3EIFHRE CH D1, L DEM
BV EEEE RS EEMRALEY, ZOL oAy
FHPKMBEOBE, MEEEFT28%BIEMEEZHVD
VRNEBEEZLND, BT, & TI3HEZNaCIOR
EELLTCHVS,

FIT, HFRCHEEE AT SBCBEOREY B
BL, 8gMoRKk (2—27 ATHIEK) BEBERLE
i LIEMERYERL, SEBEOCEOFEETTH-
Ty, A v HHKkFOFeH 2F B T& B EE{LEE
HOBIRLRDT-, IDIT, BRECELAEDATAY
XHKOBERMBERL EM L, A v XHKLEB~DE
FAORREMELRER L, &b, Z0OX ) RFIETHEE
SR THESED D b EBICHEHE~ORERE O
PCR -DGGEIEIT & B BEEREIEMRAT & EHE L 7=,

2. EB®R A&

2.1 TiEM%2E T H58%BLEEOHIE

Mttt & 5 3 5 8k B L M o8I, U T OFIRTET
o7,

Fig. 128k b BB 0 ERRIEE 2~ T, EREREI, 7
ZhASE201 (285mm X 220mm X B ZNEE £600mm) O IGAE
EEBREI0] (N 180mm ; & & @ 570mm) DI5TELL
g b2 %, RIS L BRILEEI—EBLRoTE
D IREVBETRIZISTRICER TE o B ARLEEIC LY RS
WCHBIBCRE IS, Zo), EEREREEHEEL
Ty, RISHIZ, ORP(Oxidation Reduction Potential,
&RV ER) Y Y —, pHE V¥ —, DOE T —
B TWB, 9, Fig 10O RIS L EHGTR

¥ 57 B ARBLEE (B B R AR eI TR SCRT  T203-8511 TERBEEMHIE20-]

Vol.30 No.3(2007)

—49



156 /—F—Note

Table 1  Comparison between acclimation conditions
of iron-oxidizing bacteria for electroplating
wastewater treatment

Chlorine Ion

Iron Salt Solvent Concentration

Experimental  Ferrous Diluted 3,000~15,000
Condition Chloride Seawater mg-1"
Reference Ferrous Freshwater 20~40
Data'® Sulfate mg-l7

2002 BA LT, ZDO%, BKTHER LK (C17 BE -
3,000 mg-I") IZHALE SR EF  PRE L LC100 mg-I",
NH,N%2.5mg-I" GE{LT>E=7 L) , PO,-P (Vo
BKRZA VT A) %205 mg-1"' & ATHEKZ1ER L,
RIS BHE L7, B S ANISSMOHRT (kRS
{# 7 : Hydraulic Retention Time) 7%, 6BERIL 7253 L
DK LTe, 8% L U T Thiobacillus ferrooxidans % B3¢
L7 &' L ol % Table 1124,

BSHE OpHIL, pHAI AR & ke U= ik Ky 7ic &
¥, 10%HCI%E 721310%NaOH % #£48 L CpH=3 B 1& Tl
U7, BER'OTHRAZ X 5 ICpHE 3~412 B I- B3 2
ZERREY RIS TOKEBILE SO R T U —{Li D,
BRNERNE R L 25, 72, Uik, KIS
WSl min ' DEREHAET B & &bz, KSR OORPIEA
+550mVEVIET 53548, Ml o U s e,
M7 0 U DEFEIE, 5~100-min'E L7z, Biz2~3
BEOBETATIHKS L OB KOF BE X HIE L,
ERERALMERE 2 FERR LoD, (8K B% EXfERYIC 7 CHRT
ZoRMECEM L, £, WAKORESES LHRTD
EMICES L TRAICED, HESFVBELLT
15,000 mg+1 "% CHME 7, E72, HRTABSRI O &4
TFe™ DEALALER S IEFNC S L TV - B o0 KA b
DERT v CERR L, BRAEMERIZHE L,

2.2 AIHko@EigmsE

SRERILMIE O USRI, MEKIZHILE—Sk % IRm L 7=
ATHEAK (Fe* : 100% 7212500 mg -/ ; NH,-N: Smg-I" ;
PO,-P:1mg-!" ;Cl" :20,000mg-I") #@&AKL, 74
AR OEGERE £ Lz, RIS OHRT (GKERZAH
EFH : Hydraulic Retention Time) 1%, 2BFfI & 25 & 5

On-Off control }4(3) 4
E - Clarifier

ORP centrolled (10L)
blower

Alr diffuser

LA e
Basic air blower Flow meter

Fig.1 Experimental apparatus

50—

B L, DM RGO EBEEMFITRIR LR a1z
Loz,

2.3 BMBEMEMEICHT SEBEORETHE

7—aA—F— (KEERE) #HAWT, SEMbmE
WCRTHEBEOKBLHE Ui, KEB CI6RFIOK
WERNAETH D, 7, Fe ' BEX100mg-I" (ML
BE—8) , U &0Smg " (VAR NY L),
EFRE25mg- " (ETrE=T0) SLUEIPHAID
ATHRREER Lic, £0%, HBERERI AL L
T, 0~18,000 mg+/ "&£ 7%, 0~65,000 mg-I"iz7 5% &
DITOERPEICTEEE L, ATHEAR270 ml iz, Eicik~t7-
FHETHIE LIk X T v P%30ml, £721%, BEROTH
% U 7= Thiobacillus ferrooxidans % & #e8k 2 5 + 230ml
EEMUI, Z20%, 7—oAt—%— (KABEH) %
AWVTKIEP20COEH TREUBMKIG S, &9
TNVDOEERERE L BEMICEHI L, BENEELRE
ROIZEHEIS 2 L 361z, FrEBsfsoRBHI DV T, Fe?
LHEBAFBEE ST L,

2.4 WEMBEEHEER

HFERIEA T v VOIRBIRENaOHTHFI L, Z Db
EBEREEBR L, EBEE0 2 mO T 4 LT THBL,
10mM Tris-HCI(pH9.0), 1mM EDTA, 10mM NaClC ¥
LTRBEE, 7405 EICB -~ BEFEIL,
Nagashima & O F I £S5V CDNAS I L7, kR
L7DNAZ 8 & U CPCRIEIZ & Y 16SIRNAE (& F D
#I4000p DRI H B L 7=, 2d6, A LA TS A v—%
Table 21Z27"§, DNAKR J * 7 — ¥ X, AmpliTaq
Gold™(Applied Biosystems), #— = /L ¥4 27 5 — %
GeneAmp PCR System 9600 (Applied Biosystems) % Fu>
7o PCROFUS AL, 94°C, Tmin + (94°C-30sec;65~55°C
-60sec;72°C-90sec) X201 7 /L (Z ZC2¥ A 7 LEIZT
== U TEEZICT R (65~55C) ) + (94°C
-30sec;55°C-60sec;72°C-90sec) X 15% 4 7 /4-+72°C, 10min
& L7, PCRIJG#%, Dcode DGGE Complete System
(BioRad) & M\ >T DGGE %17 »7-, TBEIKENL,
FURERE % 5~10%, S (REREH) BESER
TERIKEFAIZI0~60% & LEEHRI 727U A7
I RSV, BIE 130VICTTRERIKE L=, tkEhis
D5 V% SYBR Green (TAKARA) T#es LT, UV310mm
BT CDNAN Y FarBE L,

DGGEf##T TR b=« ODDNA/S> F&E10 B Y,
DNA% Hif - [EIX L T #9400bp D 3 LA 51 & AT L 7=,
BLB IR E DPCREUGIZABI PRISM BigDye Terminator Kit
(Applied Biosystems)iZ C, 7% 4 = —jXTable 3{ZR%
518f% L UN907r% v 7=, ABI PRISM 377 DNA Sequencer

Table2 PCR primer

Primer Base sequence

GC-NS3f 5’-GCclamp-GCAAGTCTGGTGCCAGCAGCC-3’

907r 5’ -CCGTCAATTCCTTT(A/G)AGTTT-3’
GC clamp: CGCCCGCCGCGCCCCGCGLCCGTCCCGTLGCCCCOGLCah

Table3  Sequencing primer

Primer Base sequence

518f (Forward) 5’ -CCTACGGGAGGCAG-3’
907r (Reverse) 5’ -CCGTCAATTCCTTT(A/G)AGTTT-3

AEB%¥ S5 Journal of Japan Society on Water Environment
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Th)ThP 2h

—&— Fe** ofwastowater
—©— Feg®* of ofluent

Cf mg 'Y

Fig.2 Time course changes of Fe** and CI' concentration of
artificial wastewater and effluent ( pH : 3 ; Water
temperature ;20~23°C)

WWCHEERF ML, DNABERSF— % X—x
(GenBank/EMBL/DDBJ) I TR E L TiEmE
BIHEE L,

2.5 KESWFE

ANTHEK R CSLERK L, 3 [EABEEER L7, A1E3REHT,
EBIZSCAETAIB LI, Fe¥', R 4T TEHEK
S FEE (JISK0102) 1256V S EBRSHT L, KT
ERLERT v POMLSS %, TARBRFEIZRHEY, 1
BB Lz, KEEOORP, DO, pH, /Kigik, Ef
PELESE L, X7y VORESHOMER, L—F
—EFTREE S AREEE (BEM/ERRSALD-3000 S)
ERWE, AT v VOBRHERIL —aA—F— (K
BER) THAVEELE,

3. REERLEER

3.1 MEMEE T AHREBVLEBEOIIE
AIHKOERE R tha ic LR S, THEEELETS
SKERL MBS DBIAE & B2 7o, ATHEK, R OMERK DFe®
BE, HWRA T BEORBEL % Fig 212 RT,
BIRERRLGYE ] (EF A A BB £ 3,000 mg-17') D&
BKIZE, ATk ERBEOFS ARBRE IR, L
L, #9258 CFe™ 3R~ 12 LIZ U, BIFEBIna%25
A BRI HEKRF DOIS% L DR BBk S 7=, — D
Fe" OESLEREIE, HRT % 6BFM A D2 E CEM L T
b, b, HKkOERA 4 BEENERS000 mg-! !
73515,000 mg+ [ "E TEDTHEHEINTWE, Zhb
DFERND, HEA A BEH5,000 mg- ] ' DOEMBESE
HTFTH, HRTAEM T, Fe¥ 2L TX 38 L A0ES
PIEHBRMLOEIE TE R EEL LN,

3.2 AIfbkoEgnE

WKL HDBRREEET ERA A HE 20,000 mg-
I™) T, 7r BEOESER Y EWH LR A Fig 30w
T

PR OFe™ X, ATHEKDFe BB %100 mg-1 ' 55
500 mg+ ! M L H S ER UL, 2EIRIC b o CFe¥
ETEBMbENE, ZOBRNS, SEEI%L-THESES
BT A8BCMEE AV, BAELOEBESEGT
T$100~500 mg*! ' DFe? HRTAV BRI E D L&HT
B TEH T LNRERTE L,

Ei, EROETLE L BIIKEERNOMLSSEBE LA
HLk, ZOMLSSEE O LI, BRIt~k iz
L L TKBEESOERIZEI DD THS, KAl
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B Fe®" of wastewater
O Fe®* of effluent

A CF of wastewater
X MLSS of reactor
600 120,000

s00 RPUERIRARD | oo
o X % =
~ 400 X s Xy 80000
P ” o X £
E % % X .

300 v 52?(\ S W&)« 60000 o
& x %
200 F—t s0000 4

=
20,000

| g # K <4 L 0
6/12 8/1 8/20 11/8 12729

Fig.3 Time course changes of Fe?, CI" and MLSS concentration
(pH:3; Water temperature ; 20 ~23°C)

sludge acclimated to seawater
- = = »=sludge acclimated to freshwater

S r\
[ ]
[ 1

S 10 R
2 N

-
bt e

0.1 1 10 100 1000
Particle diameter [pm]

Fig.4 Comparison of produced Fe (OH); particle size distribution
between the sludge acclimated to freshwater and the sludge
acclimated to seawater

THERUAKBCE_SoRELRE L LI A, HE
FEHAIX10~150 u m, SOWRIBRITO umTh o7, Z O
REFigdioTT, BERODOHK - RBE—%0ES, £
AR L 7o KB 88 — gk DRIBREEFIL 1 ~20u m, S0%KIE
FoumBETChoT, ZOX SITRENER UEFREE
LT, #KES DRI X KEBRMEE Sk oighi ki
TLREZERWEEND, ZOER, A5 v P0iLEk
B <, MLSSHEEAY100,000mg-] HREIZ EH L TH,
R NO DR Ty PORBIZR LN R P o7z, KIGH
NOMLSSIRE % BIBEICHRTAZLNES L 25 Y
DEEZBND,

3.3 BHIBUAHBBRILAEICHTIERENDRE

3.3.1 EREOHKBILEE~DOEE

HRIK TBIFE U 7= Thiobacillus ferrooxidans & Gie R 5 v
VIO LMK B DOEBERGET CHIR LR S v Viokt
THEBEORBL G LT, HBELER 4L L
T, B&K18,000 mg-I ™Mz B X 512 6 ERPHICTRE L,
IOERBEREFigSIIT T, BMEIERE A 4 BE, it
B BEATRER - BATMLSS Y 72 0 OEkBRMLEEE L L THR
B L7, 2k, SkEMUEE N, ERTHOSEMLERE (K
IGEE : 304)) Th B,

T DFER, Thiobacillus ferrooxidans &I R 5 v P Dk
BRLEEL, HBEABEACONETLE, #l2iE,
WRE L UTHERA A BEMNS000 mg+] ' E£TETS
LB LEEIER L, Z O B II Thiobacillus
Serrooxidans BIEE L L T1% (HERAAVBE 6,100
mg+l ™) BEX D LB TERNEOBESOLELL
W5,
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-—o— sludge acclimated to seaw ater

----4---~ sludge acclimated to freshw ater

Oxidation rate of Fe*"

[mg-Fe*-g-MLSS ™" -1}
N w

o

:\EI

Cf [x10° mg-1™

Fig.5 Comparison of ferrous iron oxidation activity between the
sludge containing Thiobacillus ferrooxidans and the
sludge acclimated to seawater ( pH : 3 ; Water
temperature; 20°C)

~7%, SEHIE U SBIEEEL SR T v UOgkE
{LEER, ATLHOKOERA AV BEAEMNT HIZoN
WAL, HESABEMNS0mg P ETERELTY
FEALBERTLRWI ERERTEE, ZLLDOERN
b, S5 EIBIEE U - gkERL B IX, Thiobacillus ferrooxidans
LR TEMEETAETHDL I ENEEINT,

F7o, SREMLICHEY, BREESBERICEE SN,
F'EAL B/BMREERE (HEN) 13, TH713LARoT,
FBEERGE (1) RTHRLHEY, Fe LB/
BREEREIL, 698E2Y, SEOERETVETH-
foo ZOZEMPD, SEBUISHNEERLHEIC L 5mE
HEICHEIDOTHDZ ENBTEEINE,

2Fe*+1/2 0, +2H" — 2Fe*+ H,0 (1)

3.3. 2 HKPIEREOBRANE

4SEEIE L -gm{bmE 2 By, — BN caEs
A @x/##m@ﬁﬁg%mﬁutoAlwm@ﬁ%
B4, HEA A& LCRK65000 mg 1! (HEME
10.7%) 1272 5 & 51T 6 X858 U7z, EERFE R % Fig.6
WoRg, BEZATHOROEES T BE, #c24h
BOANLHKFOF BE 2R T, AER TSR
2h L L7, BBEOEENEBEINLE ERZO
F' iz anR2n, ZoRE» L, ATHKkoEEAS
ﬁy%ﬁﬁ%gwngd”(ﬁﬁgzimm ThoTh,
Fe¥iZ24 h B#ITIFIEREBILE N T\, LaL, &
%4#/ﬁ§mﬁmmmglwﬁg(ﬁﬁﬁ 10.7%)
DT T, NEAKFIZF 2380%E< BE L,

IORRML, AHEEIE L SBRCRE 2 KR
BHTAES, kOEBEIISBEBEUTTHS Z LA
B LW EEZLNB,

3.4 SRERICHIE O BESEARMT

ATRC G CHIEE U gk b 2 T v P OPCR-DGGEMEAT

60

40

20
0 & . :
0 o 20 60

cr [x10° mg+!™']

Fe?' [mg+!™"]

70

Fig.6 Effect of salt concentration on ferrous iron oxidation by
the sludge acclimated to seawater (pH: 3 : Water
temperature; 20°C)

52—

/ — b+ —Note

Thiobacillus farrooxidans100%) Flavobacterium sp.(97.5~98.3%)

b Sphingomonas sp.(96.8-98.5%)

Betaproteobacterid99.8%)
GammaproteobacteriZ99.8%)

Brevundimonas s5p.(98.1-98.8%)
unidentified
unidentified

Comamonas testosteronf99.8%) Acidvorax(99.5-100%)

Hydrogenophaga99.0~99.8%)
Betaproteobacteri®95.9%)

Thiomonas sp.(97.1%)

Fig.7 DGGE separation patterns for PCR-amplified 16SrDNA
segments derived from samples of the reactor treating
artificial electroplating wastewater (lane A: sludge
acclimated to freshwater; lane B: sludge acclimated to
seawater)

AT o T, et & UCBER> O ORBRE — 8Kk RN L 7o ik
KBRDONLHEKIZ & - THIZE L72gkBb R T v Pizown
T {PCR-DGCEfENT 21T o 7=, Z DR % & ¥ TFig.7
WORT, ZORER, WThORT v DIZonT HiERTE
HOMEDOTFENRBRE S, BEHEIZ OO THE
BELUTILFIZET S,

9, BOKROANTHK THIHE L SkBM LR
v Fatd, Thiobacillus ferrooxidansT&H 5 L FHER I iz,
MSTRBEMME THAAREX, &b RNk LE
THY, FEERA Y FHOKOGELIERELH S TE M
BCThHLHEEZNS,

—7, HERROANLHAKCHIZ L 7= gkER LB R D A
> Wb, Thiobacillus prosperus & 98.5% O RHE D3 FERR
NAEICELOEK TH S L E X bR, Huberb'2ix
Thiobacillus prosperusH Thiobacillus ferrooxidans & [F4k
ICHST BRI TH Y, 6.0%DEBEET WAL S
MHEEMSGBILME LA LERELTCVE, Eik,
Kamimura & "2 X g7k 5> © BB U 72 kB M 00 B 72
BREM2~4%THDZ LEREL TS, Z0& 5%
BELLL, SEO T — AW T Y Thiobacillus
prosperus\BEL OB, FIRE OB T COSKERML
EMHEOHWETH L FIREENECHEIND,

28, WAKROANTHKCEIZE U /-8B LMD N
> K2, Thiobacillus prosperus & Y HFEREHEDOENH O
PIZR O D, SRERLEREL B3 S & L TRER
AN b0k,

4. %

BBEOERALVEERETDIERA v ¥EEKFD
IRV ICHEM LR A ER T 220, iEHE0H D
SELLAIE OB L ER A v FHKICEENBFS O
m@T etEr e L, ZOBER, UTOZE EHLM

Z L7,

D BARERNUECE-SER BXIU, BekRT
KB DOEMTERZ AW THHENO H 2 SR %
B4 52 LR TEE,

2) EMBRAGHIE L-&BILRT v i, Fe'y
100 721%500 mg+l "' & &Mk 2 ERBE Lz L 25,
BRI ADEBETHKISHOHRTH2MEM O &H T
Fe¥' 2 ZE L TEHMMRE L TBMETE 5 Z L AERT
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E7,

3) BiIZE U7 SREA(LARE OO Sk LS BRI RIS e
DEBEBRAUKER, HBEL LCHESEA 4 BER
5000 mg- /7 E CHEBMLEE N ER L, -, HBRERE
KixH (ERA A BE :20,000mg1!) ThoT bk
BALTEMEF LT A Z 2R L7,

4) SEBIE L S EM LR 2 kLRI E AT 58
&, TEEORRIL, JkOEBEL LT, 8%RE &L #
Eahi,

5) RISHHDAT v R OMAEMBEES BT L&
R, MBI OB L ARE Thiobacillus prosperus (3Bl L 7=
ERERUARTE AR Y ST, BEEEMEATAE B4 X OTHE ISR
BEORKRPD, S M2 5 =2/ M 1 Thiobacillus
prosperusiCIRILLO B R Tdh 5 AN TR <RIBS iz,

A%, SE, BEBR»LHI%E L ATEEO S 5 28
EHEORERCEA v X PA~DOEARN 2 ED 2 T
Th 5,

(FFEZAT 20064E8H31H)
(FFEZE  200741H23A)
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