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INFLUENCE OF SULFATE REDUCTION ON FILAMENTOUS BULKING IN
ACTIVATED SLUDGE CULTIVATED WITH ACETATE AND PEPTONE

i Giig) RF* - IFERER* - WAHZBER**
Ryoko Ikemoto YAMAMOTO, Tomoaki KOMORI, Saburo Matsui

ABSTRACT;Influence of sulfate reduction on filamentous bulking in the activated sludge process was examined
in two types of laboratory units. One is the conventional system and the other is the anaerobic-oxic system. When the
units were operated with acetate, sulfate reduction occur in the oxic tank and filamentous bulking due to Type 021N
occurred. However, in the high mineral conditions, Type 021N could not grow predominantly. When the units were
cultivated with acetate and peptone, sulfate reduction occurs in the anaerobic tank and/or settling tank. Sulfate reduc-
ing bacteria did not utilize acetate. They utilized organic acids or amino acids similar to lactate produced from
peptone and decomposed biomass. Sulfate reduction could be a cause for filamentous bulking due to Type 021N

which could utilize sulfide as energy source.
KEYWORDS; Activated slydge, filamentous bulking, sulfate reduction, Type 021N, sulfate reducing bacteria.
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Table 1 Technological parameters of activated sludge system oper-

ated with acetate and peptone.
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TSR CEBiEE%1T-> 7-Run6 TIixE D Ic Table 3 Characteristics of produced activated sludge .

200 b ad i S AR \/ - MLSS (Run 6)

MLSS (mg/L), SVIC (mLig)

1
200

NVF D THREL 12, HRBOEL R MLSS* SVIC' Filamentlength™  Filamentous bacteria’**
Pt GiType INTH - 7255, AEFIV-15 4 (mg/L) (mlL/jg) (cm/mgMLSS) dominant miner
THRFEL T2, Run1 260 o  28x10* Type 021N
Run2 290 oo 5.9x10* Type 021N
Run3 670 1520 25x10* Type 0041
3. 2 BEOKBEHSNHER Run4 900 161  25x102 None

Fi 5, Fig GUBHRE BRI L D 0 006 orie et oscen
TREERAT % > 72Run1 %> HRund D KA DX
BB UBRAWEOSIERLTR LT ;’:e/:\l/::rzfg:\:/;‘llxz;\:‘vhich were obtained from everyday measurement after 2
b, BEHEEORuUn1 ERun3id & {72855 %  **: Average values which were obtained from several times measurement.
FRLTWD, BTIREEE 1 E cdich =0; The sludge did not settle at all even if the dilution ratio was over 16 times.
FEENTE), FREAEICL 2B EERD LTS, BEMEE LBV C, HRBREI R L, HiRb
OWAIEREIEML T 5, Tid, BEMICB THBBERTT IR > AT L3RBT L0 TH S,
BRESFRE TEEEEAT > ZRun2 ERund b & S BLAMEER LTS, AT 1B S 2HEICHT
THRRIRIT & A PR, HAFBRBEOESEETH o /oo EEFE L ICBREL TH S0, BRI
FHETELRAN R o1 BXBIENTED, HPERES RRETRIALEL L 2d o7, LDL,
BREUESE 1 H CB» THBBES B LISRATLY ST 5 Z L 20 5 s, Zhid, BSARNTHR
BHERTEIMNER LI Z L RRL TV 5, HEMA TS ICHEY S LTI b b S TR IR
ENLdoll b, FROWMBIERETHIIHRIFIHATERWEELZ A FIRYTHS ), HBEST
3. BEANTAERS N EROBCHBEY AL EEX LR,

Fig.7 i3Run5 L Run6 D EHEDARE B L CHERABE*E L T 5, EHEEORuS TIIABRYOFE &
BEME LHE cofan, MBEREERART My OSRICE > THEML T 5, ERXFRYOMBLEERE
DEALITEED 6 N2 VAT AR RWI L T 5 Z &2 6 RRICEILA T iEd 2 A O IBHER T
ToTVHEERLND, Ll BT M V0T VET LT LIETERI BB R W L2230
AT o 72 EBR T, SBRG R OMBIRIEASOmg/LEE £ TR L. FERABEL TV S I L2
SN ErL, HEBERTIERTH oL EIOND, ZOB, HRPICHEEL TV 2Type02 IND
FERERERITC A — R E 2o TW e T ENFE XL LN D, HEREFRIEORUN 6 TIRBEREFIEIC B\ THBRIE AR
LU LHEREAEML T2, HBEOBAR I LM oEmEr 2 vwoit, BEHEOHROR
BUCEE 2 B L THALAREI R L 220 L # 2 S 0555, ALY HRIE S 1L/ & L3 EREAN IC BV THiRE
BERTIEI o TWAIEERTINTH S, WA 1 H#H CREAE DR & BEBROAERAY, A28
TREBROBIFBD SNz, TFEMTRT AR CHEBUAEIC & > THBBESER S ATV,

- MLSS ' (Run5)

(Run 5)
| (Run 6)



Q 300 g a
g’ [ Acetate-C g’ " 0.41
- M Removed-C = o
() 1 ) -~
2 200 2 3 o]
= = bod
£ g E o2
c 1001 c -
@ ] c ]
g g 8 0.1
[} 0o
(&) 0 (] 0.0 -
rec. Inf. ox.t ox2 eff. rec. inf.  ox.1 ox2 eff. rec. inf. ~ ox1 ox2 eff
Sampling Point Sapming Point Sapming Point
(a-1) Acetate concentration. (a-2) Sulfate and phosphate. (a-3) Sulfide content.
(a) Run 1.
= 0 = .
B O Removed-C B 7]
E B AcetateC E o
@ 200 1 o
[ g 3
2 ] -
= = ]
£ s E
E 100 1 E %
g o
c g 3
9 o
© o O o/ X .
rec. inf. an.1 an.2 ox.1 ox.2 eff. rec. inf. an.1 an.2 ox.1 ox.2 eff. rec. inf. an.1 an.2 ox.1 ox.2 eff.
Sampling Point Sampling Point Sampling Point
(b-1) Acetate concentration. (b-2) Sulfate and phosphate. (b-3) Sulfide content.
(b) Run 2.

Fig. 5 The result of the concentrations of analyzed substances in each tank of Run land Run 2.
Rec. is recycling sludge; inf. is influent; an.1 is first anaerobic tank; an.2 is second anaerobic
tank; ox.1 is first oxic tank; 0x.2 is second oxic tank; eff. is effluent tank.
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Fig. 6 The result of the concentrations of analyzed substances in each tank of Run 3 and Run 4.
Rec. is recycling sludge; inf. is influent; an.1 is first anaerobic tank; an.2 is second anaerobic
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Fig. 7 The result of the concentrations of analyzed substances in each tank of Run 5and Run6.
Rec. is recycling sludge; inf. is influent; an.1 is first anaerobic tank; an.2 is second anaerobic
tank; ox.1 is first oxic tank; ox.2 is second oxic tank; eff. is effluent tank.
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Fig. 14 Results of batch experiment using peptone as a carbon

souce in the anaerobic conditions using activated sludge of

LTHRIBENDZ LIZ%»57  Run 5 and Run 6.
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Fig. 15 Relationship between decreased sulfate
and incrcased sulfide in the batch cxperiment.
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Table 4 Specific sulfate reduction

. d
:,Tecsr(i):t:r:?:.d by the batch E (o] Conventi.onal'(RunS)
gxperiments. 9 ® Anaerobic-oxic (Run 4.6)
Run 5 Run & %
(mg SO,/g MLSS. hr) :g
Acetate 0.83 3
Propionate - 0.44 §
Lactate 0.31 1.11 & ————————
iso-Butyrate - 0.36 0 10 20 30 40 50 60
iso-Valerate - 0.35
Peptone 0.26 1.23 Reduced Sulfate (mg/L)

Fig. 16 Relationship between reduced sulfate and re-
moved lactate in the batch experiments using lactate.
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OHREFLESOTHD, WERTH ¢ ] y A rcotate
1 g DIFEHHRAICIZ0° ~10'MPN, BE g ° : Lp;:p::m \
HETFTRH 106 ~ 108 MPNHSAE L T W ; 204, e -
P20 WEMEGTRP OAEREIZI0H/MLSSEE 8 ) ] + o Biyate
EThiLvbhTBhn, HEEETH E 3 : I::;l::eerale /

REFICITEHE IR 00.1 % % & 2 2 & °5
%%, WMBEETEHIGL T L S HERE
BIUTEHE R L T3B 6§, HBRERTH
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DONRPo T, L L, AT
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Reduced Sulfate (mg SO4-S/L)
Fig. 17 Relationship between reduced sulfate and pro-
duced acetate in all batch experiments using activated
siudge of Run § and Run 6.

Table 5 The number of sulfate reducing bacteria in the activated
sludge and wall growing sludge.

Run 3

Run 1 Run 2 Run 4 Runs Run6
b M o TEL Y (A G N

ﬁﬁ’%‘ﬁ?ﬁ @ %ﬂ;:j@dﬁ?fﬂ Influent * - 33x10° 1.4x10°
Fel ) T LIFFERICET 2T L Liquid phaseof * . 46~94 23~60
< . 3Ryt AN R ST R aeration tank - - - - x 108 x 104

ZF_) » %& . _[% “ﬁ}’nﬁ‘g% Activated sludge** 0.92x10% 3.4~26 053~1.6 18~36 26~85 20~32
i il BREBEETHE WM x10°  x10°  x10°  x10°  x10f
A LSRN D AN Wall growing sludge** 26x 108 87x10° 1.8x10° -
Lo ’i o in anaerobic tank
AT EREWRTDHEEZHN Wallgrowing sludge**11x 107 3.4x10° 0.64~4.3 36x10° 4.4x10° 0

in aeration tank x 108

%o

*s MPN/L **; MPN/gSS.
3. 5 EfFgE~TPUTHIRBLAENSRICEIEER
Run 1 *5Run 4T FERE % AR ER & U TR & IEITFREOEEE R OB 21T o 28R,

BBV THBHEETHHERICB I o Tz, Z20ROEMIGRMAEEDOERRIIFg 180 & ) cHiE
THIEHFTE D, WEMICIIEBROAVTRAT 5. ARG T CHREAATE2MBARILT O b 04
2 ohb, (DEFEEILHEREREEITCHE (Desulfobacter sp. %) . QBEERE LA ¥ H (Methanothrix sp.
%) . (3Poly-PETKHE (Acinetobactor sp.%) « OMEH. (I L Tk, EEOKEMTRR B LB
EERRICE o T, AEERICT BB AATAHMBEDETHEMBE L 2o 0 F X b RFRET
. QDAY VEREABRECTES L) R IRGUREEBRZ L 2V 0BE T @RV THD ), K
EERGA TIIMLSSIRIEAVN S { B)DPoly-PERBENHMIIBD b o 7228, b L. ERGEH 1%
TPoly-PERBEATERICIFRI L A% S, BRRBRP LD LELONS, SRTFE, > O THLIZES
SEWMBHELEML 2o 72720, EMTORSIIRI b % h o 7z, MEEAIMAET L, U TlRa
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PRISILELELIONS, KEREMCRETMN CHEZFH T MR BB TE 2o 20, D
FIRITFbNT, BEMICEDT WAL, BEMTREEITFRET 28R R L - TED
KAHMARS NG, AIREREHEC L > THFREFEECHH LR TWRETH 5, MEHOHATHELIER
frbh, 70y ZREBTRT I/ BPEREBFER S NS, 70y 7 WEBICEUE U 72 Desulfobulbus sp. %
OMBERTRIIER S N ABREL 7 I VB RIH L CEHB A AR T 2 &£ X 505, SRIRMERMMEIE I
70y 2B THER LS T RAVF—RE L THAT AL TCEL0IFALR G THo L&
263, PEokdic, HEERTHILRREEEOZ A VB2 TA Lick ), 20EHIKCE
Br525008EFE2 o005, FEETHRFMACB T AERIIBERITRELAKEEX 50D, LEL,
BRCERA 4 7 2 S S TRIMU 7R TRAERR U 7B b i3 b8k & 2 » TILEE T 2 720 ARIRMERENANT 0L
WERIHT A LDTERL LD, FOLDIIT, RIRMHENEOHBEED O bnEHEILR
B, EHHBRP DI, D5 4 TORKEMEIV-15 7L TB Y. F0RENCO>WTIRBOELL D
LENTELENRBHBTHAI,
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S04, PO * !W

FeS -
ANAEZROBIC (241
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Aerobic Bacteria {AB) Acetate oxidation, Biomass Decomposition
Almost rest Sulfate Reducing Bacteria grown inner part of
Sulfate Reducing Bacteria(SB) flocs(SB)
Almost rest Sulfate Reduction, Acetate Formation
Phosphate Removal Bacteria(PB) Phosphate Removal Bacteria(PB)
Small Phosphate Release Small Phosphate Uptake
Filamentous Bacteria{FB) Filamentous Bacteria(FB)
Almost rest Sullide Oxidation, Acetate Oxidation

Fig. 18 Bacterial population model in the activated sludge cultivated with acetate.
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-
SOs HS-
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Small Phosphate Release Small Phosphate Uptake
Filamentous Bacteria(FB) Filamentous Bacteria(FB)
Almost rest Sullide Oxidation, Acetate Oxidation

Fig. 19 Bacterial population model in the activated sludge cultivated with acetate and peptone.
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TG 7S TR N R BRI T & o TR S d, SRS RSN T CilE
BAWHbAHTELOTERICHETH I ENTE S, EEETRBRMICHEALZRT P 3 ERL
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