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Abstiracl of Thesis

Selenium (Se} often coincides with high saliniiy incertain industrial wastewaters, which canbe a limitation
in the practical application of biological treatmeni. However, there are no studies on Lhe bioclogical treatment
of Se~containing saline wastewater. Se mainly exists as oxyvanions ineluding selenate and selenite, both of
which are highly soluble and toxic in wastewater., In biclogical ireaiments, selenate is reduced to selenite,
and furiher Lo insoluble elemental Se particles and volatile Se compounds, which can be removed [rom the aqueous
phase and recovered as resources. The objective of this thesis was Lo establish biological treatment technology
for Se removal from saline waslewater by sequencing balch reactors (SBRs).

in Chapter 1, overviews regarding Se and its environmental regulation, general characteristics of
Se—containing industrial wastewaters, current evidence on biological Se transformations, and previous'studies
on biological treatment of Se-containing wastewater are summarized, and the need of developmeni of biological
Se treatment technologies lor saline waslewaler, which is addressed in Lhis study, is clarilied.

In Chapter 2, selenite removal from ariiflicial saline waslewaler by activaled sludge in SBRs under aerobic
conditions was conducted. SBRs were inoculated with activated siudge obtained [rom a [ull-scale municipal
wastewater treatment plant as a seed, and an artilicial wastewater containing selenite and a high concentration
of NaCl, at 70 g/L, was ireated, Highly elficient Se removal was achieved alter the acclimation of activated
sludge to high salinity. In addition, the resulis indicaled that hydraulic relenlion time is an important
factor in maintaining efficient and stable Se removal performance, and thal Se is removed from the agueous
phase mainly through biovolatilization.

In Chapler 3, the trealment of syathelic saline wastewater (30 g/L NaCl) conlaining 1-5 mM selenate was
performed in an SBR inoculated with activated sludge obtained from a coke—oven wastewater treatment process
in a steel manufacturing company and supplemented wilh acelale as a sole tarbon source under oxygen~limiting
conditions. Efficient removals of soluble and solid Se of 96% and 80%, respectively, were achieved with a
short cycle duration of 3 days. Mass balance and microscopic analyses revealed that selenate was converted
to elemental Se, most of which was accumulated in the sludge primarily as large rod particles.

In Chapter 4, another treatment experimenis of the same selenate-containing synthetic saline wastewater
as that used in Chapter 3 were conducted with supplementation of laciate as the sole carbon source under
alternating anoxic/oxic conditions after start—up under oxygen—limiting conditions. Efficieni soluble Se
removal of above 97% was also achieved. In addition, the prolongation of aeration period alter oxygen—limiting
period resulied in a considerable decrease ol Se accumulated in the SBR, indicaling the occurrence of elficient
Se biovolatilization under oxic conditions.

In addition, analyses of microbial communities in SBRs operated in Chapters 2—4 indicate that a variety
of Se-reducing bacteria contributed coordinately to the removal of Se with varying main contributors depending
on the operational conditions.

In conclusion, this study demonstrated for the [irsi Lime thal soluble Se in saline waslewater can be
biologically treated through multiple removal pathways depending on the operating conditions. The results
of this study will offer implications for the practical biological treatment of Se in certain industrial

wastewaters.




e 7
BXBEORBROES R OHE Y F

KA ( ® O OBE }

(k) & 4
¥ & e o uE
AR
3 Al e S W
Al % Wl Ml S
BTEEORERNOES

AT, AERBTHI Vvl oikEl, BRE UTERT 5 2 L0 TE 5 WS &
fEsr3 5 Z L Z AL LTTo7e — MO RS ORRIZ DN TRV EL Db OTHY | B THIE 13, &
ME2DBE2RE~F4R, FHRTHOIESHOH S BEMARL R- TS,

PR THDE 1 NTH, IR0 e L UHEMN & MR OMEE &R ~Tna, BEFESECHIMILENTEIC LS
T L ERFPAROQMIE, B b @maed—  FBEEETHLI A RELEELVERRE UTERT S Z
ERTERVEWIWEHERATRY, Th b2 LB 2 LM ER LB OMIAHifEnTn:, —F, 1
CERPFEAKELUEUETREWRETHESEEATEY, ZTAPERFNAREEETA LW IBEENS I Lk, #
DFRERD ZEDPARMEOEETHL ZEEHARL TS,

W2 ETIL, B v oBE e iemEER IO L. BEBRE R e — S Yy F YT 2 # - (SBR)
2 & D IFEALEIER 21T - T, L 2R RETAEDOERNBNEIT 2 TV 5, T TARAIEE SR
UG HEiR IR, WIS L Bk 0B 3 2 LI T E AWV, —EMIRR RIS T A kit ko
T, W L BRERTRELRAIZEEFHLMMILTWS, £, FL oUW HEOREEERAWB LT, kL
CERRIM AN O ENREHT L 0 IR L&, REPLERCER SNERE LSS Z L 2R LTV 3,

BIWMCRE, L ormEdabeantE ko U, SRR T ol E i B A R S LTS BRIZ
L HMEERS, FRTHBREEARVE L CVESDBMIIRESNS I EE2WLMILTWS, ASBRICEE®
VDBREREICHREFTTELLI L BIUETORMMITHATE L BOBTERICLA LD THY |
FRE SN VO BERORRE L LTHRTIREMENS Z L 2B LTV, Ko, MAEMIEIATT RS
ESWT, LU/ EY L BRI b A MANE. TNECHAATVA L L B/ T L AR e
LIZELRZbOTHDEEEL TS,

HATTHE, FEIWLERD S BREBHERR FELEOCFETEREL, L BBt L BEanEbikn
AR O # R, BEFRHIR,FEREAHICBNTHEEHIR T TOME & BEODRN LY L v BREMT bR
DLEEMBLTNS, I C BEINEE VI, BEHRET COOE CRBIBERICER R (THEEL ) LT
TS DO L, EEFREIR RS AR THAROMEIESRE R A SR THIRE SR A LLERE < 25 2 1
D RBRROERER TV D, Ei, BESRHEMITOMRD b, BRNIE/ S8 EAE TR e S B A
WD L DBRBICHAS L THWE D EBEL TS,
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