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The pollution of aquatic environments by antimony (Sb), which is a kind of wildly utilized but toxic
metalloid, has become apparent recently, and the necessity of Sb removal from wastewater is emphasized.
Biological treatment technology utilizing microbial Sb(V) reduction has attracted a significant concern as
a promising alternative to remove soluble Sb(V), which can give the benefits of low-cost and
environmental-friendliness. However, current knowledge about microbial Sb(V) reduction is still limited. The
objective of this study was to isolate and characterize novel Sb(V)-reducing bacteria which can be effectively
utilized in Sb—containing wastewater treatment

In Chapter 1, Sb pollution in aquatic environments and related regulations, existing technologies of Sb
wastewater treatment, microbial Sb(V) reduction, and previously reported Sb(V)-reducing bacteria were
summarized based on the literature review to clarify the background of this study, and the objective of this
study was clarified as mentioned above

In Chapter 2, the potential of Sb(V) reduction and removal from the aqueous phase by microbial communities
existing in river sediments was evaluated. The microbial communities in most of the tested samples could reduce
and remove Sb(V) in the presence/absence of high concentrations of sulfate, suggesting the wide distribution
of microbial Sb(V) reduction potential in the environment. Further it was clarified that Sb(V)-reducing
bacteria can be stably enriched from the sediment with the impact of Sb contamination, indicating that
Sb—contaminated environmental samples are appropriate source for enrichment and isolation of effective
Sb (V) -reducing bacteria.

In Chapter 3, three facultative—anaerobic Sb(V)-reducing bacterial strains were isolated successfully
and two of the isolated strains, designated Dechloromonas sp. AR-2 and Propionivibrio sp. AR-3, were
characterized based on their growth and Sb(V) reducing abilities. Both of the strains can aerobically grow
and reduce 5.0 mM Sb(V) efficiently within 7 d under anaerobic and microaerobic conditions with acetate as
the electron donor. Along with Sb(V) reduction, major portion of the soluble Sb was removed from the aqueous
phase as a result of the formation of white precipitates, presumably identified as Sb (OH)s. The results indicated
that strains AR-2 and AR-3 possess a significant high potential in Sb(V) reduction and soluble Sb removal.

In Chapter 4, the effects of temperature, pH, carbon sources (electron donors), and coexisting electron
acceptors on Sb(V) reduction by the strains AR-2 and AR-3 were investigated. Sb(V) was efficiently reduced
and removed by both strains in 7 d at the temperature range of 15-35 C and around neutral pH (6-7). Although
carbon sources usable as the electron donor appeared to be limited, Sb(V) reduction by both strains was not
inhibited severely by the presence of other electron acceptors. These results indicated that Sb(V)-reducing
ability of strains AR-2 and AR-3 is not drastically inhibited under general wastewater treatment conditions
suggesting AR-2 and AR-3 are possible to be applied in practical treatment for Sb(V)—containing wastewater.

The most important results of this study were the successful isolation of facultative Sb(V)-reducing
bacteria which have never been reported in previous reports. Since the isolated strains, Dechloromonas sp.
AR-2 and Propionivibrio sp. AR-3, can grow aerobically and reduce Sb(V) not only under strict anaerobic
conditions but also microaerobic conditions, they are considered to give a great advantage in Sb (V) -containing

wastewater treatment.
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TUFEY (Sb) X, MEAREETHHISNDIAERZAZ A RTHLB, BVEtEEa L, KRBTSRI 575
PP L ElC kY, EERRRGIME L L GERIN T D, RFRSUTIE, KEHD Sb TH 2 Sb(V) (K=
A M INOIERBREAT CHRAKNLRET D 2 L O TE ZAEWFENABHEIRZ LT 2 9 X THEL 2 2HE /R Sb(V)iE
JCHINEE 2 BB L. E DR SIT 24T o 12 B OB BICOW TR £ LD b0 TH Y, #mThHHE 18, K
ROLE2HM~E AT, MR THLIES ENOERIN TV D,

M ChHLHH 1 E T, MMEOERBIOHEHN L RICOBIEEZ IR~ TND, Sb TIEREEICB W TR KR 2YET
DS, TRURCRSICLE ) KERBEIH YN BEEL L TE T 5, Sh IT@mWaEtEz A1 5 2 Lnn ., iR ERBI%ICR
W TERBIKITAR 2 D E D BV D RT3 T i, BEKRN O OBREFMOMEINEEN TN D, Sb FHFEKRDH
To TR ALBRE AR & LT, AEMFSRE A TE A L CKIEMED Sb (V) & Sb(ITDIZE L L, thE S5 Z & TN LERET B4
WIFRPEEEAT S E R STV D, FRZ, SV 2 EFZHEERICHWD 2 & TE#EETT 2 Shb(V) ZEIGHE ORI HITA
LEEZOLNTVDR, THETIZHE STV D Sb (V) ETTME FZEE] L2 <, WL b g PEOMBE Th 5
72 DB~ O AIIE S TR WEOMBEEEZA L T 5, LEOERG, Sh S4B A 7T HE 728 7=
72 Sb(VEIGMEZESE L, ZORMEEZHGNCTHIENERETHHL I LEHRL, TNEAREORME L THRE
LTV,

2T, WWIERICHAET DMAEDIEZ R L LT, Sh(V) DAY ENBRTE L OBREDORT v v L EFHE L
TW5, Sb {FRRIBRED S D& 22WI2 BERI L7228 < DR A FV., Filg A A4 v & SiREICE DR TR IO
EEROVEETIZBWT Sb(V)ETT - BREFEREZITV. AWTFH) ShIRILRT U ¥ VP BREFIASFEELTWDH T
EEHLMILTWVD, F7o, Sh IBRBEOH DBREND Sh(V)ETME 2L E L TERTLIZEBNARETHDLZ L
ZRML, £603 Sh(V)RITHMEDOAF N7 BERIC/R VD Z & 2R L TWD,

i

FIETIE, F2HOMREEEE X, Sb AWV H 5 TIHOFEAKLIN R > & EfG L 7ziBie % Ay, #iiz7e Sb(V) & e
MEZDEEL TS, BRI, ZRETIIOMESA TV S ShV)BITHMERS WD TN O EIEMEME TH 5 Z LICER
L. AFRGRIE T CH#E rTREZ: Sb (V) EICME OIG & B L7oiat 217, 3 FEH O BMEERUE S (V) 32 ol o 2y
BRI L CWb, F2, £D 5 LD 2 HkR, Dechloromonas sp. AR-2 and Propionivibrio sp. AR-3 OHIFEI LN
Sb (V) 32 JCHFHEIC DUV TRRA L. MRS XS T CHIFE T & . RSS20 TR <SPIFREME TS 5.0 mM @ Sh(V)
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7T HMTERIGETLTEDLZZILEEZHLNICLTWVD, I 5HIT, Sh(WV)ETTITLE, Sb(0H) s & HEE S D A @I N
TR E 0, Sb DRI DIKMENSEREIINLD Z EHHLMNT L, BE L7 EREMEILTZ Sb (V) I LUV Sh FrERE
FTDHZLEMRELTND,

FAFETIL, F3ETHEAI LIz Dechloromonas sp. AR-2 and Propionivibrio sp. AR-3 @ Sb & A FE/KMLEL~D i
MAMEEPSNNCT 572D, K, pH, REVR (EFHEEK) . Sb (V) A DEFZERDOLAFR A BRI L D Sb(V) IET
CRIFTRBEZHAL TV D, —EOFERARENC LD | MEHKIE, 16-35C, pH6-7 12351 T Sh(V) Z&hHAITETT L
KIENBRETESLZ L, iz, FIHTERBIRTIBROLNTND DD, MOETZEENFIEL TH ShBILOH
FIHESND Z NN EEHALNTLTND, ZAHL DR G| WKL —AXAY 72 FEALER THRE S h 5 Bt
FMTFIZRWT Sh(V)RBITREZ BE MG D Z RN L 2B 6T L, FEANZR Sb &8 BB H 7l HE
ThHHIEHETRBLTND,

FHEETIL, —HEOWFRORELE F &, R THMICELS L @mrEgeR s Sh (V) EITME T 5 Dechloromonas
sp. AR-2 3 KON Propionivibrio sp. AR-3 73, Sb & HBEKDEMFINE~DERIZB W THEERFEK THLZ L&
MEERT D L EBIT, EAMNR Sh & H BB ORENLIZ AT TR & 72 BAFFEBI R I OV TR TV 5,

PLED £ 51, AWML, BBETH. 45 Sb B D AN FIMIER OB I F 5T 5 & T ANRE, Ko
TAR LR E LS 2 0 LB 5,






