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Process Performance of a Pilot-Scale Sewage Treatment System by Combining of
UASB and DHS Reactor Enhancing a Sulfur-Redox Cyele Action
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ABSTRACT; Process performance of a novel wastewater treatment system conducted by sulfur redox cycle action
was investigated using a pilot-scale reactor system fed with actual sewage for over 700 days. The reactor system was
consisted of a denitrification reactor, an UASB reactor, a DHS (downflow hanging sponge) reactor, and a sand filter
with recirculation line. As the results, the total BOD of 140223 mg/L at influent was reduced desirably to 514
mg/L. of UASB effluent , and 11 =2 mg/L of DHS effluent. The final effluent also showed superior quality with
respect to low SS, 1316 mgSS/L and high nitrogen removal efficiency, 587 % at recirculation ratio 2. Only 2-3%
of inlet SS was accumulated in this system during the long operation. Ratio of sulfate-reducing activity to methane-
producing activity was enhanced up to 0.82 (acetate) or 2.6 (hydrogen) in winter season. It was revealed that sulfate-
reducing bacteria contributed to degrade of organic matter in the UASB reactor even low temperature condition that
it would be less than 10 °C.
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PHLEOEHR AR VAT LAREREL, SVLEERESERLTETHE 7,

—F, WEMAEEE TAKABICERT ABORE L LT, TOKEBENZDICINRBRIENT
ERNWZERDHITFOND, BIMBRECTAKEHSAE LB, FLAEOKEBERGETTA
FEREHEOKRBICLSAEAEOEBRBEEEIND, LD b, WETRETDH A 4R
HHEICR DS HBRYREE L L TRERILGET Y 7 VA WICEH L, UASB L DHS ##ad
DR VAT LT, AEEREENEK GRARE 500 mgCOD/L) DHEAERBREITok, O
B HRT 24 hr, QUEKIE 8°C, WREEEE 90mgS/L D&MET T, COD BRER 94%L 5 BN
HRMEEE TS 9,

AR TIE, ZFEEBCAE I KBELOSZETKICH U CHERLRTY A 7V E2EALE
UASB/DHS A7 L O5E AT REE % 50 L 72,

2. ERBRFE
2.1 EBREERCEESRE
Fig.1 I ARERICH W ABIERE K
BRI AR, KU AXT AL, BIBORZE
#FME (14m®), UASBH (84 m®), %E
@ DHS # (139 m’, AFL CHERE
425m’), WAEME (07 m®) TR LE,
DHS 8213 A 3 v PHKEK SR F R
(DHS-G3) "&8A L7z, FALE 7 0
—i%, FEAERERECRAZE, UASB
%, DHS ff, B58H %8 TRER&nE
REBDHHRE Lz, $£7-, DHS # T

Recirculation line

' {P)
L/
(@ Denitrification : 1.40 m® @ UASB :8.40 m*®

PORERFCEKTIRET A @ DHS : 13.9 m? {® Sand filter : 1.00 m?
. QBRI 5B R By Sponge volume : 4.25 m?

? Sponge vold ratio : 0.802

YE—RIRE LTz, AVAT A Fig.1 Schematic diagram of the experimental set-up.
LEETARIZE, Bk d—0xs7)
— VBB OETKERWE,

Table 1 I3EERMHERT, Y AT L% Tablel Operating condition.
{KD HRT I, 24-12 hr, R KEIT 2.0-0.3, -
o s . N RUN No. Day HRT Recircu_latlon Sewage temp.
WERIREZHE ) — & L, BATA (h0) ratio (0

OB EHWARIZTES T 29C, 4B T 5C 1 0-49 24 2 26 (1)
Thot, WMAERE LT, UASB iZiX : ::"“ ;: Z f::::
~ . 164184

ﬁnﬁ:%%ﬂlﬁ%ﬁ/)f%f:*iﬁfﬁf/% 4 185 - 222 12 0.3 10(2)
BV5=a—N% 39m°, EMICITE 5 283-372 2 1 20(4)
HEEREZ 01m® BA L, EEHRICE 8 373-309 12 2 T

s ‘ 7 400-533 17 2 24(5)
J 5 UASB fADOHBEREIX 91+ s sa.er8 17 ) ne
28mgS/L. Th oz, 9 679-702 14 2 19(2)
2.2 Wb

KRESHIHLUZFBE, ETAKkE2ary®RPy VU7 Y 7, UASB AHEKE L U8 DHS-G3 4
HBARKEZAR Y b UYL 0 BERBE VW, BN, 2RO X OEHEERSICOWT
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HE#TT -7, BERREOREHZ UV T ADVANTEC-GB140 A# (0.4 u m, Max temp. 500°C ) #i&i#
LzbDEH W, WEBX, SS, VSS, CODcr, BOD, £FZEXE L L/, CODcr BEDORE
FEZEZ o B I Y U A, 2EREEIY FIYLEEE L HACH #AKESH#E (DR-2500)
ERWUT- T, £, 2OMO—BAFTHEEII AR ik /o7,
2.3 UASB BREHERIEERR

UASBIREHERIZOWT, A ¥ VARG (MPA) B X UWEREERLESE (SRA) 2HELEZ, |l
EICHT B751RIE, UASB & X FHEL0m O 7Y v 7R — R bR L7, #BRiXYamaguchi 5™
IZHEL, AEBI12Z20LOARA TAREROCTIT o7, 72 NEHIZ, BB (N1 TANESEK
2000mgCOD/L) &k (H2/CO2 = 80/20, 140kPa) % FV 7=, SRA OYIETIHX, W MY vo%
NA T VRBESIRNTIO0mES/L &L, AX ARPEILEERILDICI aafRVbENSALTANT
Smg/L &7 5 L DICHERMLUT-, EHEMEIV-Tht gCOD/gVSSiday B TR L 72,
2.4  FISH BIZ X 2 RERHGR T 06 RRE

Desulfovibrio, Desulfobulbus &\ - 7= F5E2R{LE O EEHLR T I 8 B Y72 7 o — 7 SRB385 (5
CGGCGTCGCTGCGTCAGG W& W, BEANA TV FA¥— 3 »Z&H 46°C, formamide 30% &
g L, FISH OFNEIX Amann® O 52 HEHL L T2,

3. ERERLBR
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Fig2 1%, #ATK, UASB #itd/k, DHS
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B O B AL EART, Table 21X, % RUN 400 S o @A)
DRMHC I SEEIEE AT (Al g % S
B L OEROTHIL) . g 20 &l Flo
RUNL X, 2% — b7 v 7HIMIL LTHRT & (g : & X
24hr, TERIL 2 ORMETHEEL TV, RUN2 ; el By
T HRT % 12hr (R L7, L7PL DHS 550 B : s
ORIMERENBIE T L7272, RUN3 T HRT 9 200 b o ;
2abr, PRI 2 KRL, AEETELSE 2 150 0% b o850
7o 8 100 i 8%‘?"& 55 & qg
RUN4 THE, BnbAicndifEmmic  § s . B
M) THo iz, BB TIEM 0

EEHHAMT, BERLE 03 LR g 00 .
#9572 DHS AADEE LML, F/ HRT 8 o0
V120 IZEERE LT, 20 & ¥ 2 BOD S 300 %
WA F A T 153+ IsmgL (335 £ g 20 °
45mgCOD/L), UASB AAFEAKT 83+15mgl +~ 100 ,

(168 £34mgCOD/L), DHS RHEAT 14+ * ‘ 300 '400 500 " 600 700 800
4mg/l. (66+21mgCOD/L) & 7757, RUN4 Time (days)

® 223 BEUBIIBEED NS I LD [—o Sewage o UASBeff. 4 DHSeff. |
R LT, Fig.2 Time course of (A) SS, (B) BOD and (C) COD

RUNS Tid, HRT 24hr, BB 1 OFRMH  concentration during treatment in UASB/DHS system.
THEEE ATV, RUN6 T HRT % 12hr |Z50HE
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L7, 20k & D42 BOD I, i A\ FAT 140+23mg/L (298 53mgCOD/L) , UASB #LE K C 51 =4mg/L

(108 =9mgCOD/L) , DHS LI AK TIX 11 =2mg/L (78 £2mgCOD/L) % /% L 7=, RUN7 TiX, HRT 17hr,
TEER 2 OB CEEZ1T o7, RUNT ZEPOHIZHMN I TAKEBEMETT2RATH D03, K
BRI T OREEZT9EE L ABEENG Dz, 5 SS FRE X, A FAKT 176+ 79mg/L, UASB
W T 40t 11mg/L, DHS #iH T 59+36mg/L, ) ABHORMLIEKIT 136mgl. 2B, £7=,
4 BOD 1%, WMATAKT 135+=29mg/l. (335+99mgCOD/L), UASB LE /KT 41 t8mg/l (97%
16mgCOD/L), DHS ALK Tt 7+3mg/L (80+40mgCOD/L) %457,

RUN8 Tif, TAKEN 1I5CETRIZHCTHY, ThETREREZEKTIEI®EL{To
23, RUN7 L[Rl&CElR L7, &k 562 B LA T/ARIEED 10°CLAT & 2o 7ods, Ao
XEEL TV,

RUN7, RUNS OfER LV, K R 5 AL, UASB EHIRE 24°C~11°C O T, DHS 48K 4 BOD
IRE 7mg/L (£ BOD BREFE 94+12%) #EHRLTEY, FHEE TAREOCERIIR L TR
ERRAERARETH D Z LB otz, 72, SS OBRECEHTS &, SS i, UASB 1249 60%fH
BENT, UASB FxHMOBMBUEBHBEOTLERE LZ & A, HRECSWCEMILE
BHREE > T\ (F—F AR ER), 2hb50Z &b, UASB 2%, A SS O#E & AEfbic®
5452 &Rnx b, £72, UASB #¥A SS ##iE, (kT o2 Licky, #%EB DHS ~OFHK
WARPBER IS, YATAE LTORABOREEREE-T2EBL2LND,

Table 2 Summary of process performances of UASB/DHS system.

RUN No. t 2 3
- Sewage temp. 26 °C Sewage temp. 23 C Sewage temp. 13°C
Conditions .
HRY 24 hr, Rec.ratio 2 HRAT 12 hr, Rec.ratio 2 HRT 12 hr, Rec.ratio 2
Concentration (mg/L} Sewage UASBinf. UASBeff. DHS eff. Sewage UASBinf. UASBeff. DHSeff. Sewage UASBinf, UASBeff. DHSeff,
8s 360 (141)  125(28) 38(9) 7() 167 (55) 8 (30) 40 (12) 32(29) 139 (19} 77(6) 33() T1{51)
Total-COD 542 (176) 100 (13) 100 (13) 47 (16) 322 (68) 164 (42) 111 (19) 81 (36) 285(25) 169 (26) 109(18) 142 (82)
Soluble-COD 67(18) 429) 46(7) 35(7) 70 (11) 49(6) 53(9) A1 (7) 68(7) 56 (10) 58 (16) 48 (19)
Total-BOD 279 (206)  83(3) BA7 0 130 (24) 60(17) 47(13)  22@) 19 (15) 52(5) 38(8) 22 (18)
Soluble-BOD 33(18) 12(3) 17(6) 6(2 30 16(3) 18 (5) 8@ 28(6) 13(2) 15(6) 5¢2)
Total-Nitrogen 43(10) 31(13) 200 29(8) 42(6) 41(85) 42 (5 39(5) 41 (6) 47 (6) 45 (10) 48 (1)
RUN No. 4 5 [
Conditi Sewage temp. 10 °C Sewage temp. 20 °C Sewage temp. 27 °C
nditions HAT 12 br, Rec.ratio 0.3 HRAT 24 br, Rec.ratio 1 HRT 12 hr, Rec.ratio 2
Concentration (mg/L) Sewage UASBinf. UASBeff. DHSeH. Sewage UASBinf. UASBeff. DHS eff. Sewage UASBinf. UASBeff. DHS eff.
ss 176(28)  139(16) 25(7) 32 (15) 169(36) 114(27) 57(18)  53(28) 151(21)  105(13) 4 (10) 57(2)
Total-COD 335 (45) 264 (20) 168 (34) 66 (21) 315(52) 209 (37) 159 (24) 88 (30) 298 (53) 190 (27) 108 (9) .2
Soluble-COD 78 (18) 72173 83(18) 33 67 (6) 52(8) 86 (11) 36(7 78(28) s2(11) 56(5) 26 (2)
Total-BOD 153¢18) 122014 8315 14@ 13129 76 (18) 62(15 1749 140 (23) %00 51(4) 1)
Soluble-BOD 2015 34(14) ®An A1) 33(5 19(4) 30 (6) 5@3) 2316)  23(8) 29(3) 31}
Total-Nitrogen a6 (7) 44 (8) 39(7) 41(8) 47(6) 45(7) 44(8) 42(9) 41 (6) 35(8) 35(8 313
RUN No. 7 8 9
it Sewage temp. 24 °C Sewage temp.11°C Sewage temp. 19°C
Conditions HRT 17 b, Recratio2 HRT 17 hr, Rec.ratio 2 HRT 14 hr, Recuraio 2
Concentration (mg/L) Sewage UASBinf. UASBeff. DHSeff Sewage UASBinf. UASBeff. DHSeff. Sewage UASBinf. UASBeff. DHSeff.
S8 176 (79) 109 @7y 40 (11) 55 (36) 156 (75) 80 (29} 31(9) 33(12) 404 (304) 163 (106) 25013 28(13)
Total-COD 335(99) 177 (46) 97 (16) 80 (40) 308 (96) 148 (35) 88 (16} 54(13) 483 (295)  202(101) 82(12) a8an
Saluble-COD 70 (6} 2@ 48(7y 26(5) 72(11) 41(3) 5710} 246) T2(11) 1) 57(10) 24(6)
Total-BOD 135 (29} s4011) 418) 70 112 (28) 158) 37 () 72 185(97) 67(33) £2(10) 6Q)
Soluble-BOD 34(5) 14@3) 19(8 2 32(6) 13(2) 19@3) 2(1} 30 (10} 12(8) 27(6) 2(Q1)
Total-Nitrogen 38 (6) 30(5) 28(7) 25(6) 36(3) 23(2) 19 (4) 15(2) 65 (18) 43(11) 35(7) 32(7)

{ ) standard deviation
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60 T
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Fig. 3 Time course of total-Nitrogen removal during

treatment in UASB/DHS system.
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Fig. 4 BOD mass balance of UASB/DHS system on
the day 400-609 (RUN7-RUNS).
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Fig. 5 Changes in methane producing activity (MPA)
and sulfate reducing activity (SRA) of sludge retained in

UASB reactor. The activities were determined by vial tests
at 35°C with acetate and H2/CO2 gas as a test substrate.

Fig. 6 In-situ identification of Sulfate-reducing
bacterium cells with hybridization of SRB385 probe to
the UASB sludge at the 624-day. U-excitation (A) DAPI,

(B) SRB385 probe.
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