i TSR - §533% - 1996 (Proc.of Environmental Engineering Research.Vol. 33, 1996)

@D MERZERBIOCRICBITZAEEMBRERVHEZEEOSHIFE

DISTRIBUTION OF ATTACHED BIOMASS AND ACTIVITY
IN A BIOLOGICAL FILTER ENRICHED WITH SULFUR DENITRIFYING BACTERIA

HIbL FHL - Bk A - doRsLl
Hideki TAGUI*, Hisasi OBAYASI**, Hiroaki FURUMAT***

ABSTRACT ; Two laboratory-scale biological filters were operated to investigate the nitrate removal by sulfur oxidizing
denitrifiers under different influent alkalinity conditions. The raw water containing nitrate (20 mg-N/1) and thiosulfate was
supplied to the top of 90cm column bed filled with granular anthracites at 20°C. The downward velocity of filtration was
4m/day. High nitrite concentration was observed in low alkalinity cases, although nitrate was completely reduced to nitrite
at the top part of the filter for each case. The accumulation seemed to be due to inhibitory effect by pH drop along the filter.
Monitoring data of pH and nitrite profiles along the column indicated that complete denitrification was maintained when the
pH in the filter was kept at higher than 7.2. After the continuous operation we divided the filter bed into 4 parts along the
column. The collected biomass was used for denitrification activity test and quinone profile analysis. Denitrification activi-
ties of the attached biomass were different at the depth along the column. However, all quinone profile of the samples were
almost same, which indicated that the most predominant quinone was Q-8 and that they had a little menaquinones.

KEYWORDS ; Nitrate removal, Sulfur denitrifying bacteria, Biological filter, Quinone profiles, Attached biomass,

Kinetic model
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HFKISBE. HETHOREUIHEKEKETH S5, FHEMREEREBED FANEITLDDH D,
AEANERAETH Z10mgNE A 2 HFAREBEMLUTHEY, JOERGRIT. BRIHIE-PAEHTIKO 15
MR ERERRRE UTEIF o5, RS X CERBESREREICEBIUCES. A MESOE Y
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TROBENIRBEKICHAFERICES, —EFLERINL EZOMERRERSL D LS, LIt -T. —
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EMERFINTOE?, HEEFEHEEHOS J SR TEL L INLOMEE Y 5720 KFEEFIHT
BMSIHREEOIF I DV EBTbN TSN, B GERTH KK OEBHNTD. KEREDIHDEMR
OB PN LRNBEEN D Z ENFEINS,

EH S, WMELEYEEFREAEE UTHAT MO REME OIS R ENE I L A MR HROBRED
nffetE. AR RO TEBIICRE LT %, IEROPIFEHRT, MERIREE L TEerichizdh
32600, FHBEIER LER TR TRACET UAVERNS e, ZORRE U TH#ERE DLET
WRES TN ) EOMEIC LD, AELYEN TIRpHY A OBIEL_ LITEORIRICZ D EYERIMET
LicZ EREZ SHTc, £ JTANITIE, PHEEEEZ B1eDITT VA B ORI % BRIEEICEZ fol
BT AT, BRI OEBOIOERFHEH T, £ LU TEDFHICE T 2 G B LML
S BHRBEBEF/ a7 r AINEMT LI, CNOOMREMBEHIBOBRELEDYT. BTH
] DB AAL R P BB IE A IS DUV TR A AT - 720

2. REBAE
21 REHREME OEMEES

PRI B BT KBS O RS IR A AR . BRI MR ORISR AT - 70, B#E LT
Baalsrud®O¥HA i, S5LDT 5 X% MO THE 2 BlOEE THEREDZMEIT > fo Z LT JOERES
AR R EEICEA Uy EEEARREIT -7, F/o. HADHK. BEWNICEKRE ISR E5/00. BET
L D ERA AICL ZBRIETENEHRE L,

ThiobacillusFEDWTH . FICIREREEZH T 2RO WGEEBSME (Thiobacillus denitrificans) EWpE 5, HE
DBOEBETHEMICITETHRAMCEW LA, ThEARBES TRUT S &S XICBFZARE UTHERRBRIEP
THERR L EARNA T ENTE A, L. MBHEL DBRREIFLIDIC. MERISISEEENL RO
THWREZHTES S, UTIKFARBESXAOISEICE T 2MARSHEIC & ATHiRE. FEE 0=
TR DRI E R

NO;i + 21-52057' + 4LH20 — NO;i + ?1—50% + —é—H* 1)
: 3 - Ly 1 3 - 1

NO: + ?SzOf + z‘H - 7N2 + ZSOAQ + :,;‘HZO (2)
i+ 2808 4 1L Sso7 4+ dy+

NO; + 85205 + 8H20 2Nz + 7803 +H 3)

RADDREERIED SHIEERIE~DOBETRBICEN T, B4k, 2 ) 7h VU BEOHE ED, #icQ)D
HAEERED O DRE T, AR D RAA. TN VEEZERT S EI0H5, FR0), Q% SbEaKD
BUSAPHB)TH 6, UTICEEREGREEZ 12 & SOZERROEZRT,

0.8445,05 + NOs + 0.4335HCO; + 0.0865NH; + 0.087H,0
-~ 0.0865CsH,0,N + 0.5N, + 1.689S0% + 0.35H"

ZOFHRBRIGICE D . 10mg-NVEERE UG a . 24 & D#120mglOTHBRIE A Ak 5 2 1275, K
HKE RO 0D, WHORKIKE /A RS54 Tl FEBIE & U T250mg/ Il F & 3N TH D MBI
PO LA HBRIESRIREICERT T2 &L RARUES AN EDRERELL I EIEZ 505,

“

2.2 EEREER kUSRS

2 FEDAE 2 FHOT, BRI & 2 0B B E JEEE 1T - 7o FEREEE OHING S ade g iage 4 Fig.1
Vo Ufc, ERBICHA UCRARIE, W8 10cm, & 3200emd 7 7 UVBHERTH O . M E L TRE
2-3mm, EEHRELADT VXT3 H A FAEEHINemE THIBL TS, T2, EEEGS ZEOKEMENET
Az, oY v R~ N ERBBIERD 514,38,66,78, 2 L T90cmDE XITHEE LT 5, IEAEEITE
B L AOVAERE LT, PR T4 m/day 278 5 & 5 ITBUKE R L P THA X7,
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2 FHIDHBEBR D EERIR DA KDFURA Table 1T L7z, ] ]
HATKT R ORSER LRI, OB OKE A 2 fED20mg-N/

| & Ue BEOEFUEHE LTRO BRELAMII DT, f - Bed neight Soom
RSO DSHRE b 75 < BB RS 72 D DT A b BiEL, L ey
I U BARBR 3K IR TH B & EM D KFIRCIE B ik & o *Fillrmedia - Granularantracics
ROFEE, 2 OREROEED & F A B b U Y LAERW, ZOF : et gy 144
AW U D AR, RO SER20mgEBRET S DITHEL cocfficient 14
RO 34 (WACHAEEELIBA226D) FBEMLTVE, €L o | o

Influent

T, pHEIREICHBEE KL BT IVA ) s (NaHCO3) i3, K% b &

1T » 720 RunA{dNaHCO3% 120—150—240mg/I~ & B¥BE 1 5 X
. Run BTdNaHCO3%-300—240mg/INlK F X €72, THHDEE

3. RN SRS N L LEERER (REBEROT VY EHRE
) AREAITT S & FINRIT128~3.19E L5, 1ok, KM
EBH20-30HBRBETH D, WEKENRET BITHFEHDT
oo

WAKIGAERERNTOD Z ENCBRENFET 530D, +
SROFAFBRELZFMLTOD, SemDEE LORKET. 3
TIEBRFRENFH EOATHE EEL 6ND,

EUSHHE (5 BUTOBED THS, pH Bk | &
TV . WERE CHEERIE (1A oo b TS T

Pump Pump Pump

—y
Sit ]
ICEE L. 02~ B ERA BRI Ui 2 RO MEERE ST
Saf ]
ol
1

Fig.1 Experimental apparatus

and operational conditions

Table 1 Influent composition for the continuous treatment

Run name Run A Run B
Phase Phase 1 Phase 2 Phase 3 Phase 1 Phase 2
Period 33days 31days 21days 33days 31days
KNO3 20 mg-N/1
Na2S203+5H20 665 mg/]
KH2PO4 1.0 mg-P/1
NaHCO3 120mg! | 150mg! | 240mgl | 300mgl | 240 mgl

23 fEEMEOERAREF ) 70T 7 A IVHHE

v
ﬁ‘%é%ﬂﬁ@ﬁéﬁﬂi\ ﬂﬂ?ﬁ\ﬁﬂﬂiﬁbhfb \f:Run B@g%%%%?%&: Extraction ]
Totee TVARIYA NEBET V) V7l — pEREL UTEIFIC (chloroform » methanof)
S1. 82, 83 (&Scm) | S4 (15em) @4 X (Fig 1B 12455 LU TROH

A s . (Extraction(hexane)
Us GER SIREGHAT 5 C S THRBERE UTHEAMIRZ R Ui, S5
BEUTVSEMREL, £RERICYNTF /v (AEF/ V1 Q0 AFF) Purification and

v MK) O FaT A IV 6T - 72, Fig. 2l O FNEOEIE A /R T, seiirétign 0; Okand
P OHIIAII & % 5 PP I B T DN T B ) (Sep-Pak)

Nitrate Thiosulfate Tap water

. I L DORHE - BEICR 0B SR/ VA TREMMFELTE D, IR
EREAERDF ) Y FREOFERIZ. EOEEEF /) S ROGFREDS% KB | and concentrations (HPLC)

Determination of quinone species

LT0BERLTIENTESY, Z I Tl WM TORAYRRGE % Fig.2 Analytical procedures
FTEZEWT, &/ 707 A VOFERUEDEFRE Uic, Z 2T, FEE of cellular quinones'”
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ED)EE. 2DODRILBEEL] DEK L DF J L3FREK DIFLE P, PIZ DU TE DIFE D2 ORFI TR
g 2AEHMETH 5, TOFHHEAEGONIRT,
L 1
Dissimilarity (D) = 5 EIPki - Pki| ©)

FEFUEDEBEENDF J a7 7 A INIEIE DS ERE LD, MEOHBEEN 2 FEUSHEI30
o, B BRAIBER 1 E2RTIEINN D,

2.4 [RETEHREBS L EBIIFNET I

ARG SEIL Lz 4 KEORBEMICOOT, REFHEREER L, FEBE b BTRHEKEL
TREERIE & BERERIR % 2 0 F N BT 20me- NI L Tc 2 RO B HBR 21T - 72. 4538 E A Fig.310.
R A Table 2083, SHERICIZSKARE A2 BRICER L2 120mid/ N1 7))L E S, A & ik BiEEH
ZEHEDETImMII A LI FEALLEDER O, 2L T, 20COEEBEANTO—F Y2 A H—I2LD
100rpm THERIIRE U 72,

glass vials

Table 2 Medium for batch experiment

Component Concentration
Rotary Shaker KNO3 or KNO2 20 mg-N/1
Condition Na2S203+5H20 665 mg/l
Temperature : 20°C ' NaHCO3 300 mg/l
Shaking speed : 100rpm
Gas phase T N2 KHpPO4 1.0 mg-P/1

Fig.3 Apparatus for batch test
BB E % & U/cMonodRIDB ¥ AT 5 & [BlsrEBRIC I 1) 2 IHRIE R OSRGOS BT,
HFokHizkan s,

Q‘E‘i _ kiSi

Ksi, S
X 6.2 = = (S = Su 6.b
dt  Ksit S © i ey, TS (6D)

ki AMNIEEE BT, S FAERE, K SIS, X BRRE. 458 LI0BE, 2 HamE. 0 v
THEREE & BRREER R A O Ao HEMRBR 7 — 7 % b &iT. R(6.b)% FUWLTHHEERE & RIS S IR AV & 72
LEMTDkEKsEZNTHMET S EaRAHI, TOW. NOEDICIEREARAT S Z L THHEINLE
il EEEDY Y TR EDZED 2 FRDIRNETL D X D 1 kE KR AATHERNITRD I, £ Zh
5 OREERD %, HBIERMR TOREMBREREZLERMNEROTEB L,
ds: kiS1 k2S2

= X(I-om)—
dt  Ksi+ 81 Koz + .82

@)
an: EERESRICHC S EXROBES (50 a=0)

3. RBREREER
3.1 GEEEEBAEEERIT & B 0BR

BRI B AR HKOERIE., SRR OREA LA Fig4RT, RunABE & ICHEEHEITE2M TR
EHDT L TOA I EFDN 5, BMBREIZ DO TH HT % & NaHCOsIR N E300mg/IoRun B-1Cid. #1
ICHEREDOERDH - 1. b DD, TORIZMENBIFITbO TS, JHIIH Uy BIEE120mg/10ORun
A-1TI, BEMBIEOREIEIAINTOS, LH L, 120-150—-240mg/l ENaHCOMBE A LR AE L L&D
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=20 1 '-Run B—300—><e———240—— 80
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E R
> 15 | NO3-N NO2-N = 60 |
é, y RunA O | 5t
Z 107 A .’_Jé 40 +
Z 8 T
8 55 20
zZ »
L;E'.A"-;__\.' &b A ada PR - 0 W NN I A
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Fig.4 Changes of nitrate and nitrite concentrations in effluent
for Run A and Run B

Fig.5 pH profiles along the column

2. ZORMLALOE TR SN, MEsgsE Lz EBbnss 100
BITBTD LA RO TIIREITN L60%—30%— 0 % & 80
WY LTS, G

ST EASE L EER SNBKE (FigdthoxAY) 1 5 0
BT 5 K FIOPHOM A Fig SIR Ui, %phased b, Rkt §40
SRR E TORTORIT, TN U ENEE ROBR) 3hid R

. - . o 20 —B3— NO3-N |

7eby pHOE F A Sz, Z0 5 bHNBEDRENREHINT --A--NO2-N
U5 %28 (Run B-1B-2,A-3)I2 U TEIM S Az pH Tl B/IMEATY 0 LT
T2TH BT ENG. BHBEOHRESEOREBELHRRT S0 NO3-N,NOz-N{mg/])
. D7 E BB TP T 2L FIC S0 L ST, T U E Fig.6 Nitrate and nitrite profiles

B BB B T EHDIND . along the column (Run B-2)

RICHEBRNONKEFHO—FE LT & 2 TRAERBIFIZTHON T S RunB-212 3517 4 IR IE A VA
BREDOWE F AR OSH A g6l Ui, IBREREOSBARENEE L TRON. £OREICHE - THY
MIESER LT %, T LT, ERUACENBEREBTHE TTRAKBRESNTOL A I Ebbh b, 14k,
ABTIE, £URITEOTHEBERO LFRHR S NED 5 e ZHISH U BT, 548 BICARTIRBIE
O ERAMRE L

32 NBAEYEEEF /a7y A0

Fig. 712, BGEEREE Y70 ) OFEEYEE S L TVSEGHT LIckER
T, FEIS, 90~85em(S1) &69~64cm(S)DEA RN, D 2 ATk
LD E, EBRPIZENTS1ES3THR, HHOONEYREEIZED
LRI TOIDN 81-76em(SHMHETIE. SFEZHFAEL TG
Mol EEBHIEL T, FigSiIm LcpHOE F RO 27 » 1
VTN S2ESBIIREZpHDENZIE NI b 53 ZORIKERIC
ERELEND D, Fig.6iR U7 iEBEE & BEE DR T Hm o Lo
77 AV HHET A1, WEBEORET 58213, pHIEIK T T 5 R

81~76cm |

Sampling Position

FUY R VAHOEEL GNE, i, SSTIRINEREANG & A SfFEH Attached Biomass(g-VS/)
9. FEHEBRIEOHE. 3 bEEN ERTERF L vy VER - TS Fig.7 Attached biomass
TENEIOLND, LIt T BAIDPHIZFIRE TH - Th Ak along the column

PIENOPHRBIEN D D | BRBOZZEL—DDERERL > TWDH EEZL 6ND, L LS2ESIDHEKE
DEF. TNLTTHWITLICEHEDICIRETE, HOATHROPEDMDER bH 5 LEDNE,
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Enriched sulfur-denitrifiers Enriched heterotrophic-denitrifiers
with sulfur and nitrate with ethanol and nitrate

Attached biomass at S3

Q7
%
Q-
-.’}_,: Pt Q10
[ MK.

T

o om0 1 I 58
2
el
-~

Activated sludge

Fig.8 Quinone profiles of attached biomass, enriched sulfur-denitrifiers,
enriched heterotrophic-denitrifiers, activated sludge

Fig8izid. fBFEMEDF ) T 774 NVDREE LT, BB T2 7 —7 AR Ui, Fio, HlE LT
W B S O T H 5IEHETE. £ OEMBERICT Y / — L EWNEE 4RI U T SiHas U atm s
IREME (UF. =7/ —)VIEHE) £ UTHRROERES U2 Sis (U, SRmabsmE
DFET 7 A IVbR U,

3R EREMEOF / LEDH B, AEF ) V-8Q-8)T & HIT%E LD TE D T denitrifficansD
B VI AHREYE B LT, ZHODF/ O T A VICHE LT, fFRISIEHBROFOF / LR
EHETHO. EFCBRLF/ o T 7 A NEFE LT, ZOF/ 707 7 A4 VOBNEFERIITE
g B7cdic. LEOBEMOFEBUED AR, TORRATable3IZFE ED TR Ui, ERMANSMEES3
OIFUED)iE. 0036 TNFT0ITEHZ &0 6. A—MEYRBGELET A EBL oMb, BWEICHLT, =
% J — VRSB IL 2N 20 D=0.176 L0.190TH D 75055, [ UL ) It BREME OB EL G4 57%
HEIRIED=0.751, 0.768L M5 D KE/IEEL - T b, ERBRETSME & RIBICERERINC X DR L.
Iy ) - )VB SR, Q8% B hEF/ L ELTHELTHWAI Ehbdns, L L. EWERRELES ) VED
ZHTHO, TN AFF ) VEZLBE LTS ZED, KX LIBRPEICRIEEN T3,

—fEI RPEFR B DM RS 2 U/ (Q)%F . BEEMTE I YR ) L A FF ) L (MK)D
W% Z UTREBISHEEIEZA %/ VO EFHOEINTE DY, 4iF/ 707 » A Vi Sk
U 7o SRR S R & RS e I O BB AE O Z &0, EMBTRIZE { OB S B U i e

EEALTOLZEDbd 5,
Table 3 Dissimilarity of quinone profiles
S3 ESD EHD AS
S3 - 0.036 0.190 0.768
ESD - - 0.176 0.751
EHD - - - 0.599

ESD:enriched sulfur-denitrifiers with sultur and nitrate
EHD:enriched heterotrophic denitrifiers with ethanol and nitrate
AS :activated sludge
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3.4 BEHEEZOBNFETIMILSEBE
2ATIRURBINEET IV EEREC, EERENO

Table 4 Estimated kinetic constants

I 5 % TORISRB TORANET— %8 | Batch test X |k | K s _|n
WT NIRRT & D REERE & I IEERIRIC AT B St | 124] 13.7] 02] 0.06] 4
kEKsEENENRDT, TOMBRE, N4z | NN | S2 | 80] 1701 03] 3.02) 4
BEOMEMX). HHG) F—FHmEEBI gj igg gg 88 83(1) 3
Table 4|78 Uiz, RBEHRO 7T — 7 8D : - :
AOREEOR I E = Bbh 5720, Figa)b) S1 | 124) 451 821687110
= PEPTRESET Te oo B NoeN || s2 | o] 75| so] 225] 8
i BRI E & b IS M D109 RERPTO o T 350l 176 aslizio| 3
WEMOEEEG R LI, ZRIREZRE LR, S4 1071 7.3 0.0l 046! 6
5 H. oM 4 KO EEYIEO R A ER X : biomass concentration (mg-VS/I)
A E o -yt : - k : maximum specific removal rate (mg-N/g-VS/hr)

EICBODE LN S, ZOBNET IV —THICHH Ks : saturation constant (mg-N/I)
LTHB & groupl : THERIEE DR K BB HE TR s : variance (hr?)

n : number of data

OASTRRSERHE OO 2 I ELSL,S2, group 2 : FEERIED
RIS B AR D T ANRRIE D 2 UL T S3, group3 : THERIE. FETMMRIE DKM BN E ST
S4, DI DIIHTE S, o TN EFig 6D T A MRS R ORISR S S i d 5 &\ groupl
BRSO ERITT 5% group 23 HIEIEO A DR, £ L Cgroup i3 RHEEE & NERIED M FNE LA EHE
LRWRIZHHTE S 2 &0 6. BT ZBAROEAERBICSHIE U E-A I > TR 2 &b D 5, S20
KO ICHERIE S BRI OW A VAT 258, MEBELETZARE UTHW AEROAVE NI L HHEZ
%o S2ATDNT i, WEED R AIEEEE IR B EVMEER L TWB—F T, Fig7lm Lic & 5 i HAE g
HREY e D OB EYRRRIT. SIPSHILANE DDHNREN - Tid, Ihid. REITS2NE TR
EHICE - ToHREIZE, - /250D, F2HEBO L5 ICBIFEpHAR T THEWERERETE 2EYK
M BRAPENENS BRI T EZEZ 6N 5B,

Fo, 4EBRIEMRIEOHIEHIL. SBRNICHBEDO ZTHICH~NEDICHEINTED, COZELE
HBEOER-BAEMERLTHE O EERINE,

T T T T T T T
St P a)NO3-N S . b)NO2-N
o =
2 r ) .2 I ]
2 S2 b ‘2 Sz feA
(=¥ [="
j=iv} r T =t} -
g g
B S3 ¢ e S3 ¢
g g
< - 5] .
wn w2
Sa ¢ Sa ]
1 1 ] 1 l 1 1 1
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Maximum specific removal rate

Maximum specific removal rate
(mg-N/g-VS/hr)

(mg-N/g-VS/hr)

Fig.9 Estimated maximum specific removal rate along the column

WIZ. TORBEHOM SABEEWEDF /) 707 74 VOBGEEHAT, Table5iZ, S1~S4 - HEHbEHE
BEHEDOF / 707 7 A VOIHEFPED) AR Ulco #TIZ 0 IECIEAMEATR L TE D W FARICF
I TuT s A NDEBVRIENZ EDRDIE, Lichi-T. LEBOREBEUOENEF ) 07 » A NVAEH
WTCFHET 5 Z SR TERNI EBRHENENL 572,
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Table 5 Dissimilarity of quinone profiles for the attached biomass
along the column and enriched sulfur-denitrifiers

S1 S2 S3 S4 ESD

S1 - 0.033 0.039 0.025 0.056

S2 - - 0.034 0.021 0.037

S3 - - - 0.016 0.036

S4 - - - - 0.037
ESD:enriched sulfur-denitrifiers with sulfur and nitrate

TtkIC. Table 4058 Uc B F R 80 AT, MEBEA R U 7o im BRI 3610 % i ER IR IR ORI EE1L
T THRAEENE D ARt Lic, £ ORI EFig 10 IR U, 97, SR & SENMRIEREOR
BeZE RITI3ST, 20 & S L MBS OEMPEETH S D &, 83,540 & 5 WHIHBIESFR-IVNE DD
2OITRIIT & oo SR, TEERIE & RIS OB RN EEEO R O . MBS OB K LI B0 R
MIEOZN L D EOEDHSLS2, TOWFHS3SAENL - TD Z EITHIRL T D, Fie, BhEeF L%
FHO T SRS ERIE IR OB L O SHEAS RIE. BIEE L -BU TS, Lkehs T, 2R SHiE. &
TEERIE A BUMIR I C OE BB T — & 00 MRS 72 B 850 IO T BB 0 U 7 R O BE I IRE
BEORNEIEEELCBHETEL I &0 -7,

20 T T T T
= a) S1 =
Z 90~85cm | z
EO 15 / \\NOz—N %0
Z N z.
< 10 N 1 &
% o \\\A %
z . z
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z. e z
o0k A AN S L . ) 0 | L . ™ . i - S
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= c)S3 = d) S4
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Fig.10 Denitrification by attached biomass in batch tests with nitrate addition
SR SNICEAREEBBREERANT, EMART 0 ZAOBRKNE HEEE AR U ISR DT IOR
T FHFREEC SEANER R O T B % 10me-N/g-VS/hr (S1-S4OBEMED & LT, ARMERIC i EYES
&L TSe-VSI (S1oAMlE) 2R TENEL KIR20°C, BEHN0em TRELSE T TE SRR AR I
SOm/day &78 0 | BIFED10F5 L O A REL 185,
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4. BHYIC
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BOEBEED T 7 » AV EEIEFICI B LT B2 &b D EMICHERSEEIERL T
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