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Sewage treatment by sulfur redox cycle action in a system
consisting of a UASB pre-reactor and a aerobic post-reactor

FEREZ, (LOMST, )IDG, MR, FiER,
JILERT", LG, JRHS
Haruhiko SUMINO, Takashi YAMAGUCHI, Daisuke TANIKAWA, Yuko OKAZAKI, Nobuo ARAKI,
Shuji KAWAKAMI, Shinichi YAMAZAKI, Hideki HARADA

ABSTRACT; We propose a new sewage (treatment system consisting of a UASB reactor as an anaerobic
pretreatment unit and an aerobic postireatment unit. The aerobic unit is composed of a combination of a
trickling filter reactor and a fluidized bed reactor, which together polish up the UASB effluent. A feasibility test
was cartied out by feeding raw sewage for over 250 days with a 7.18 m® pilot system at a municipal scwage
treatment plant.  Circulation of a part of the trickling filter effluent stream to the UASB as a sulfate source
improved the quality -of the final effluent from the system. Influent unfiltered 303 mg/L. BOD decreased to
150 mg/L. in UASB effluent and subsequently to 13 mg/L in the aerobic unit effluent in 12 hours in the HRT of
the whole system. Vial-activity batch tests suggested that the main electron flow for BOD oxidation in the
UASB sludge shifted completely from methane production to sulfate reduction after 90 days of operation.
Community structure was examined by PCR and DGGE targeting 16S rDNA with band excision and sequence
analysis. Thiomonas and Halothiobacillus were the predominant sulfur oxidizing bacterial species in the
posttreatment sludge. v

KEYWORDS; Sewage treatment, domestic sewage, anaerobic treatment, sulfate reducing bacteria, sulfur
oxidizing bacteria
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Fig.1 Schematic diagram of an experimental setup installed at a sewage treatment site.
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Fig.2 Time course of temprature in UASB.
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Fig3 Time course of tatal BOD concentration. Fig.4 Time course of soluble BOD concentration.
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Table3 Summarized data of UASB, trickling filter and whole system each phase.

RUNT1 RUN2
operation period |12 Feb.- 31 July.(1-169days) 23 Aug.- 4 Dec.(192-295days)
designed HRT 12hr 12hr
ltems Sewage |UASB eff| TF eff. | Final eff.| Sewage |UASB eff.! TF eff. | Final eff.
BODt (mg/L) 178 [59] 1265 [162])210 [158]] 32 {22} |303 [233]| 150 [68] | 138 [60] | 13 (10}
BODs (mg/L) 76[31] | 82[45] | 76([27] | 183[15] | 75[32) | 52[22] | 43[18] | 5[4
S0 (maS/L) 150 [91]) | 40(36) | 50{37] | 97[97] | 66[30] | 55{24] | 82[47] | 96 [84]
NH&* (maN/L) 20(5] | 28[13) | 24[71 | 23[2] | 23(71 | 26[5) | 27[4] | 25[5]
NO= (maN/L) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
NO= (maN/L) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
SS (mg/L) 200 [74] |277 [323)|262 [291] 49 [26] |342 [245]| 199 [82] {170 [144]| 47 [24]
pH 7.2[0.4]|7.2[0.8]| 72021 7.3[0.2]| 7.1[0.2] | 7.0[0.1] | 7.0[0.2] | 7.1 [0.1]
ambient temp.('C) 18.9[6.3], - 16.8 [4.9]
UASB temp.(C) 22.0[6.0] 24.2 [6.1]
BODt rem.(%) 82[13] 92 [12]
BODs rem. (%) 8412 92 [10]
SS rem. (%) | 72116] 8113

[]: standard deviation N.D. : not detectabie
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Fig.5 Methane-producing activity (MPA) and sulfate-reducing activity (SRA) different days.
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Fig.6 Sulfate-reducing activity (SRA) and sulfur-oxidizing activity (SOA) at 270th day.
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Fig.7 UASB profile of sulfate, sulfur concetration and ORP at 281st day.

- 436 -



o, A AT LT, BRI HE ST UASB HiAkE UASB WERKHFORTRERED:E (FREETRINCL AR,
MNTD B BrEE) A LIcAS ThUd UASB (T3 ) BREREOHADTEE /720 Th Y, FHIAGEERLED BD
FRODBEIETU Q2o s [Table3 34735 &, RINL T, USSB HiAGBEE 115my/L GEERLL 2 ORKSHH
TRAHERRREE A Y VRS, TREREEE dome/L CThY, 283 Tme/L Thovz, THUTKL RN G, UASB A
il Thog/L. (EBRLL 2 CABRGRHESREEIEE A V-ABNE), Fheh Some/l THY, 253 2ng/L LEL
THRERETRD), ETHGAUGEAETC R LI ER L, WSO IS A3 S, FARREE
333mgS/L. CHEEEEE AR P SH-SBRCRLNS P, ZORETL RP-3000V LyLLL T OB e S
TN, ORP-280mV L~Yunblif e L, ORP 231600V L-yLETER U2 & 2 A T RS BFEiE L
7%

AR AT INT, FEEFRERA L > T & ARSI SO A 7 VSRS L BOD 530S 14
DINTeolz, YEITE,  UASB HABATSMRITERRRAEIR A RIS E Uit 7 VEEH b 5% —Ch DRt
BV EITA ToT

3.4 PCRDGCE ik

Fig 8 i3, 15 130 HBOBUKALR, FEiREETARa T L DOGE #5473, Tebled 13, TOL— L ZERT
BB, WUKAFRI TV 65 ) T3, Halothiobacillus sp. HJ18 (Band C) DEOBEEASEL, FTH 7N R0) 7
BV FIHERCE BT E00, FeEH RO CEL LU QO BEEBNS, ZIZTC, Halothiobacillus sp. FIAFEE
TS AR 2T BHNFHPIEL, e, BAIIREIOSETIRAT D Z L HENEE U GRYEEA 6N, s
Thiomnas Ynysl 4, B Band A, B) LEFEEEORERE & HICHOHEE ML CRVEEAL 8o QB EVRESNS,
7233 Thiomonas Ynysl A & Thiomonas Ynysl B, S/ ZGERnDHEDS 3 BRI RS AR L, RHke
HEFCX 203, DA S RATHISHA R AHEEE 3 D 2 B8 GC HEEETH B D, T2 GEbATA, BIZpif5
ce&ls,

Fig.8 16SrDNA DGGE profiles of the microbial consortia in areobic reactors.
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Table4 Result of sequence from sample figure8 DGGE band.

Band Closest Identity
A Thiomonas Ynys1 A 4171421 (99%)
B Thiomonas Ynys1 B 503/508 (99%)
C Halothiobacillus sp. WJ18 541/541 (100%)
D Uncuiltured beta proteobacterium OS1L-24 490/492 (99%)
E Uncultured beta proteobacterium CLi61 423/423 (100%)
F Halothiobacillus neapolitanuns DSM581 344/357 (96%)
G Uncultured beta proteobacterium PHOS-HES4 4761477 (99%)

TEE 70 (0 0 T —E00%R v R i 7T T, AEDER IR E T/ oy,
Lasl, BOKARY 7 EEC Thicmonas Ynysl 4, B=C Halothiobacillus sp. WJI8 AT RR, WOWEE TS,
S B OBUKARERIUETHD LB X B, ThLISN G, Hhalothiobacillus neapolitanus  @and F) AR
Shiz, Uncultured beta proteobacterium (5124 ®and D) < Uncultured beta protecbacterium Cl1i6] @and ) 728
DEN SRR R URIE ST, Zh iR, 2heh Giromobacterium, Dechloramonas \ZETHY (R
FIFig 020 , FEEIEGXR D L%l

Proteobacteria

DGGE-8and £ B
subuclass
—_ 94 Dechioromonas sp

002 Rhodocyclus purpureus

55| Thiobacill q dis
100 Chromobacterium violaceum
10 DGGE-Band D

Thiomonas sp Ynys3 Thiomonas

100§ [ Thi sp. gen.
B e&&- DGGE-Band B
53LpGGE-Band A B
DGGE-Band G ?1
) 100 l——— Halothiobacillus halophilus Halothiobacils subuciass
Halothiobacillus hydrothermali gen.

a7 ———————DGGE-Band F

" o7 Halothiobacillus neapolitanus
88[ iHaloﬂJiobacillus sp WU18
9 'DGGEBand C

Thermithiobacillus tepidarius
5 Acidithiobacillus ferrooxid
100 Acidithiobacillus Caldus
84 Acidithiobacillus thicoxidans

=
a

Nitrosococcus oceani

_‘_‘—‘ige Azospirilium lip
Thiobacillus acidophilus

E coli (Qut groupj

subuclass

The tree was constructed with the neighbor-joining(N-J) method.

The scale bar represents the number of changes of nucleotides per sequence position.

The numbers at the nodes show the bootstrap values (percentage) obtained with 1,000 resamplings.
Bootstrap values below 50 are not shown in the tree.

Fig.9 Phylogenetic tree besed on 16S rDNA gene-sequence in the aerobic reactors retained sludge.
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