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Process Performance of UASB Reactor Treating a Wastewater
Containing High Strength Sulfate

LUDI%E[ 1, Emﬁﬂ 2, ﬁggaﬁ 3, m*ﬁﬁ—‘ 4, % %ﬁs
Takashi YAMAGUCHI!, Hideki HARADA2, Tomoaki HISANO3,
Shinichi YAMAZAKI4, and I-Cheng TSENGS

ABSTRACT ; Process behavior and performance of UASB reactor receiving a high strength sulfate containing
wastewater was investigated by using two UASB reactors. The two UASB reactors were operated by feeding with a sugar-
VFAs mixture of 2000 mgCOD- I-1. The first UASB reactor (referred to as R1) received a high-strength sulfate wastewater,
i.e., 1000 mgSO42--§- I-!, while the second UASB (R2) accepted a low-strength of 33 mgSO42--S- I-1. Effect of hydrogen
sulfide on microbial activities of respective reactor sludges was investigated with respect to sulfate-reducing bacteria (SRB)
and methane-producing bacteria (MPB) by conducting serum vial tests.

Undissociated hydrogen sulfide caused severer inhibitory effect on MPB activity than on SRB activity. As for the R1
reactor, by the presence of 107 mgH»S-S- /-1 (undissociated), hydrogenotrophic sulfate reduction was enhanced, while methane

production was completely inhibited. The R1 reactor performed only 34 % COD removal due to a significant acetate
accumulation. In order to alleviated the inhibitory effect of sulfide, a sulfide-stripping device was incorporated into the R1
reactor after eight months operation. As a results, COD removal efficiency gradually increased up to 80 % due to the
proliferation of acetate-consuming SRB. On the contrary, the R2 reactor functioned well as a methanogenic reactor in the
presence of 5.4 +3.4 mgH,S-S- -1 of sulfide, allowing a loading of 26 kgCOD m-3 - ¢1 with COD removal of 80-90 %.

KEY WORDS ; anaerobic digestion, bacterial metabolic activity, sulfate-reducing bacteria, sulfide, UASB reactor

1 RU®IC

HE RO, R L U TAE Y 0 ANOBRATRIA X RO L2 RUDHETD
ENAEET I - AR AX—BOBALEETH D, BRI KLEEOD L DICUASBELD 3.
UASB#E & i3, fTEBESLHERAET, REEREDOR O ACEELERZHALT HRRESF=a—A1R
XY, EOMBRRIGEA~OMERORRERELER L, BAORELT % WHEIC T2 BALERE T
»D. UASBH:IE, ®HE - MY BORGHAEEGERWHETH D2 L0 5, RARKDEK - A TRKEFEOLE
SHECERLTETNHDY,

—%, WE, BELEMOIRC, BEA~OHRBBFRES IR TTME (Sufate-reducing bacteria, SRB) %
FETLIEBHLPITR-TETNDZ LD, BALEEIZIITS SRB OBFIC>WTOAMRLBE LD
SHD. BEREREE LB KABEIZBNTIE, BRBRERTORRERINDIFLYNA X LV EREZRETDZ
&, BOINRKEBRFIEROBREZETIEIZ EMHEENTNS2Y, L L2end, ZhIE TUASBRIE
RO L MAEMRBEE~ORILMOBRIZRT 2RRRPRORICSH D,

ZZTAHTIY, BHEHAUASBRIGE RALERFE & MAEMRBEE L TS X BRI OV THEE T o 7.

| BT 3% %5 M BT T %8 (Department of Civil Engineering, Kure National College of Tech.)

2 BT RIS A S B S A7 A F (Department of Environmental Systems Engineering, Nagaoka Univ. of Tech.)
3 )11 % B T 2 8 (Ishikawajima-harima Heavy Industries Co., Ltd.)

4 B T EREEFEE B A5 AT 48 (Department of Civil Engineering, Kochi National College of Tech.)
5 E3L R Th A F W% (E7) (Department of Biology, National Cheng Kung University, Taiwan)

—~337—



ERTII2EOUASBEKIEB AV, Thrh, R, SEERMESHEREAE S L TRKNLIEMEY
BEE L. ¥ NATARBTHELEAKEEZTAMEEL LT, SRBE AZ U AERME (Methaneproducing
bacteria, MPB) OXE S MIEMICHT SRtHOBELTME L.

2 RBREE -5k

2.1 UASBR&3E

Fig. 11, ERICAVWZUASBRIEROHELRT. 2RIGHAKIZI4.5 1 (GS SEHFIXL26) THY, TR
AR, HRTIZZRWNHEERL L. I—FBRO 2EOREBEISCRESR B L.

Table 1 i3, RGEHEEEH 27T (LT, BiEHE 1000 mgS0,42-S- M OREEER 1, 33mgSO2-S ORI
Bx R2 EMES) . B, Table ] OXBEBEMIC, LTOMRITHRG : me-F)ERMUTHEERLE ;
NH,Cl, 500 ( R2 ®#&) ;MgCl, 6H,0, 400, KCl, 300, KH,POy, 200, CaCly+2H,0, 150; FeCly-4H,0, 5.0;
MnCl, - 2H;0, 0.50; CoCly-6H,O, 0.17; ZnCly, 0.07; H3BOs, 0.06; NiCly+6H, 0, 0.04; CuCl; -2H,0, 0.027;
Na;MoO4+2H,0, 0.025,

R 1 (sulfate rich) IZK, FEERTEEOBBELIHIHLERFEREELZETIEIZLEBBT I D
i, P EAREEY X CREAK T SRS R L EEE8 2388 Bic 8 L (Fig. 1 BONo9 10, 11, 12
TR L. BEY S AN09L, FEETATHZ ABMERLLY 20~ 5 l-gas- Jcolumn-! - min-1 OEHEH T R—
U LT. BULAFERRDY T A(No lO)IZELE~RL Yy N(BEN - K7 —#lf, N-IDS)%FTHLK) . REEO
R ~0Eiktti, REHRARRIIMLT2 &Lk,

Total volume = 14.5 liters
G.S5.8. = 1.26 liters

1.Feed tank
2.Pre-heating tank
3.Influent pump
4.Sampling port
5.Gas-solid separater
6.Scum breaker
7.Gas trap
8.Gas measurment
9.H,S stripping column
10.H,S adsorbing column
11.Air pump
12.Recycle pump

Fig.1 Schematic Diagram of the UASB reactor.
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Table 1 Operating condition of R1 and R2.

UASB reactor R1 R2

Sulfate conc. (mgSO42--S +1-1) 1000 33
Composition of carbon source (feeding period, day) Com-Ab) ( 1-237) Com-A ( 1-301)
Com-B¢) (after 237) Com-B (after 301)

a) Sulfate was composed of Na;SO4 (ng$ +I-1:338), (NH4),SO04 (387), and K504 (275) for R, and NapSQ4 for R2.
b) Composition-A: sucrose:peptone = 90:10. ¢) Composition-B: sucrose:propionate: acetate:peptone = 45:22.5:22.5:10.
COD concentration : 2000mg-/-!; Temperature: 35°C.

‘5, BT TRAEROPEELETE S ERIEEERE LSO (14 gVSS-H1, VSS/SSEH: = 0.5) 2K
BB D101 Bk,

CODERAMIL, CODBERHN 80 BL L FE L 51 LIENS HRT 28 MI¥5Z itk LREET.
KRS, pHEIHIZ 1000 ~ 2000 mg- 10> NaHCO; OFIMEETT o7,

2.2 EMFEER

G L RGBS RBRICOVT, AX U AKENE (Methaneprodicing activity, MPA) , BiBRHBITIENE (
Sulfate-reducing activity, SRA) , 72 &3 B4 Mgt (Propionate-degrading activity, PDA) %28l L7, W
NHCODHE & LT, gCOD-gVSS-1-d-1 Bfir ke,

BREHT T HFREAEERBASGNTOMRE L . ik, U UBEER, S8l BB ThRES
BEEATVD, HBAENT, BRESHSOml 2RETFAH— (ERAbavy, BHFER (K ) 1204
Lo, HBRBLIEHREZ A TARICHE L. BEF Y T AERWT AL T AR R DL
BEEX Tk, SATNMBEHEOPHET OIZF% Lz, BEEZRNT 284, FiMEREL, MEMROS R
2 ERLUTHEEL00~300mgS042-S: Flvialliquide: Uiz, S"ATAMER—F Y — S x—Hh— (EEELEScm,
120rpm, 35°C) J¥Ed8 Lic. MEREMVICH AR, # A, WER SBESEFHELT hboictd
SEEE,LLEEE RS Gl II0L0HH®S ) . $fe, REEREBEROR | OFEEE - kEBLESRA
ik, BREFEOMPABIENZ L2 h, Kl kEIRIEELZSRA L LTHME L.

2.3 SAHk
S LI TORY - H AR (WA a~h¥5 7, T CD, Unibeads-C, 60/80, Col.Temp. 145°C,

Carrier press 1.60 kgf-om2 Ar ) JERMENE HAZv< b5 7, FID, Thermon3000, 5%, 60/80,
Col.Temp. 130°C, Carrier press 0.75 kgf*cm2 Np), Wil (fF> 2 u~ 257, CDD, Shimpack-Al,
Col. Temp.40°C, Movilphase : Potassiumhydrogenphthalate2.5mM). DD 71X, FRRBEED it ko7,

3 RBER-EER

3.1 RISBEGEE
Fig. 2 £Fig. 313, £ €, R1 L R2OREBBERREETRT : (2) CODEHAN LBREE ; (b) REER
BMAMLRERX,; (o) HHBETOREEE. $7/2, Table2 kTable3id, R1 &R 2 DiFézi 3 5CODR YK »
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BRREZERT.

R10OEeE, CODEBAR 1.0 kgCOD m3-d 1 ERELTHIE L. RIOEBRF AT EDDIAZ U HAD
&1, ERBBIETHO60%TH ok, SOBBIIIE oLz, MPBXEELRBEXhE (Fig. 2-a) . 508
LA & ERREEEY, A& VERIR IDCODREGBEHMZEL TERTE LNV THotz,. AFY
ARMHEE SN R TOCODKRER, FEBERTK Lo TOAERTEIND bDL2o7 (Fig.2-3,b) .

— R HRERBEATREARE T 0 AZBNT, A ¥ ERBNRIENDERIZE, (SRB & MPB D
EEHAY), QEEBERTEINIC XY ERT3BtHic L5 MPB 0ABREFISREER TS, FERTAX
CERDBHESNIERIL, A ERMME SN S0 B LB TH -7 2 L2 HQ)OR L
FThHDLELLND,

HEzBALAA 5234H B ¥ TORMITIL, HHAOLBLMIBEA 2294114 meS-S- 11, Bk FEEE AN 107
69mgH,S-S i1 £ H <, CODBMERILIZTEI26% (FHTiERESE) LEL AV Thotk.

BHLMATROBRIZE > TCODRRED LR AR D 72HI, R1ICIIEE 28 HBICREERE2 ML, B
BREEMI» S 2 » AREOHB I, KIE#opH 13 75 BRI LR L, HHAORLKEEEIZ 90124
mgHSS M IRETETFTLE (Fig2<) . ZORKE, CODMERIZTI0L48% (335~375HE) £ TLR LK.

BRI, RSN OpH LR LEEMEBE OBRE T, UASBRERISHORIFZBIELTT S kit HYTH
PRV &N

100 11 = 4.0
) 1430 -~
3 £3
g —<1203 ¢
g 1 28
=) = actual loading —— designed loading| 108 8
8 (a){ °2
1 =
0 A 1 i. 1 i L A 1 A 1 i 1 'l'I. o-o
g 100k ﬁ-. 2.0 2
= A ) h oA _ -3 2 445 © ‘v
: |
g b 10a &
(b)] 5%
2 === gctual loading — designed loading ™
1 N 1 N s A I /a 0.0
I
| —#—  Total Sulfide —a&——  Sulfide in recycle line
| —©0—— Soluble Sulfide
c 500
2 [ (c)
4
E <
o
2 qi;
8%
g £
= 4
o
/]
900

Time (days)

Fig.2 Performance of R1 (2000 mgCOD - I}, 1000 mgSO 428 1)

(a) COD removal efficiency and volumetric COD loading rate.
(b) Sulfate removal efficiency and volumetric sulfate loading rate.
(c) Sulfide species in the reactor.
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ERMMD, CODAMANMIZ, 294kgCOD-m3:dl (486~584HE) T THIMEX 7. L THEEAMR
12 1.38kgS042-S mr3-d-1 E THM LIz, ZOBMARNTIL, £hEh, CODBRERG9.318.9%, R LK

68.919.1% %8R L. R1 Tillix 878~887TH B Tid, WHBILAKERBE 46.2+7.7 mgH,SS-F1 T, CODR
FEHRI0%BICHE LSS (CODEBAR 1.94kgCODm-3-d-!, BEEAMAN 1.37kgS02-S-m3-d1) , ERM
BhEEBRDO S =2 —Y a VBRI N b o)k,

Fig. 313, R2OEEGEEREZRT. R2TCRBLRS/S=aL—v aryPl#ffL, BHAN 26 kgCOD-m3-d'1
T, CODREXE 80-90 BREOCHANABELEE L THEA L. HETIHBEFRANIL 037 kg SO42S'mr
3.1 ETHMUE. A2 ERFILEGEHMAE LT 70~80%THY, AV EROABLERRERER-
feo PRHERMLWREIL, EiR150 BREE T, Bt ~250mgS>S-FBELRr oKk, Zhid, HRTEMIZ
X% SSoFtic BRT DRLMRS L £ X bD. R2 OERIZBIT D HHELARBEL, 54%3.4 mgH,SS

T ENSEBENLA"ATHoT,

COD removal (%)

S042" removal (%)

Sulfide concentration

-~ (mgsZ-H1)

It %

-O- Removal 430 gvg

(@) |7 &3

-mgg

// AE— Q0

{108§

meme actual loading —— designed loading | x

i . 0
(4 0.8
-&— Removal b 1
( ) 406 2 ~
{ T o
{048 %
“ed
-

o
4028 £

=== gctual loading — designed loading 1
i 1. e

i 3

1

0.0

11
"

—8——  Total Sulfide
—o—  Soluble Sulfide (c)

—&— FreeH,S

600 900 1000

Time (days)

Fig.3 Performance of R2 (2000 mgCOD I'!, 33 mgS0,2-S11)
(a) COD removal efficiency and volumetric COD loading rate.
(b) Sulfate removal efficiency and volumetric sulfate loading rate.
(c) Sulfide species in the reactor.
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Table 2 COD mass-balance of R1 reactor and R2 reactor.

Reactor Operatingperiod  Loading®)  eff-SS®  eff-sole) CHyayd) CHggase) SO42-redd  Recovery
(day) (%) (%) (% (%) (%) (%)
R1 0-234 099 17410 50+14 0+ 0 0+ 0 3412 101
(SO42- rich) 302 - 375 0.89 4+ 6 2649 00 0+ 0 6216 92
379-474 2.00 42 25+6 00 O0*x0 67% 6 9%
486 - 584 2.94 S22 23+7 00 0+0 69% 9 97
R2 5- 54 13 1414 139 2% 0 6915 3+ 1 101
(80O42- poor) 63 -234 6.0 3641 104 20 T5% 9 3t 1 126
238 - 431 12.1 nmMxx6 62 3+£0 7810 24 2 100
445 - 475 194 8+ 2 5+1 30 69% 5 31 8
478 - 527 25.5 100+t 4 6x1 30 66+ 4 3401 88

a)COD loading rate = kgCOD *m3 -dt1; bleff-§S = COD of suspended solid in the effluent; <eff-sol = soluble COD in the
effluent; HCHy aq=dissolved CHy4-COD in the effluent; ¢YCH, gas =recovered CH4-COD in gas phase; DSO42-red = COD
reduced by sulfate reduction).

Table 3 Sulfur mass-balance of R1 reactor and R2 reactor.

Reactor Operatingperiod  Loading?) eff-SO42-®)  eff-sol.sulfidec)  eff-metaricsulfided) H,S-gase) Recovery
(day) (%) (%) (%) (%) (%)
R1 0-234 0.46 64 9 17% 8 4% 5 17+ 8 102
(SO42 rich) 302 - 375 041 37 14 35+ 4 11 14+ 3 87
379-474 0.88 32 6 29+ 4 11 35+ 4 97
486 - 584 1.38 31+ 9 33+ 7 11 53 £10 118
R2 5- 54 0020 10+ 8 4+ 7 2674341 4+ 8 285
(SO42- poor) 63 -234 0099 14 %10 34 16 44 +49 36 +17 128
238 - 431 0.19 8 +11 34 £20 14+ 8 33 £19 89
445 - 475 0.30 14 8 24+ 8 13 8 18+ 7 69
478 - 527 0.37 1+ 7 35+ 7 12+ 4 28+ 6 86

a)Sulfur loading rate = kgS-m-3-d1; 9eff-SO42- = sulfate in the effluent; )eff-sol sulfide = soluble sulfide in the effluent;
deff-metalic suifide = metalic sulfide in the effluent; ¢H,S-gas = (hydrogen sulfide in gas phase) + (stripped sulfide in H,S
adsorbing column).

3.2 RIFEBROASY EREN RIS RITEY

Table 4i%, R1 (861HH) LR2 (151HH) OB/EEIMICBITDMPA & SRA 1A TAERRRT
B LR AR, EERRBRIC BT DO SR b3 33 meS2--S- 1 (pH7.0) RFMLUI.

EHHBOKRES S, R (sulfaterich) Tid, &% - BFEE(EMPB ASHE S h, —F, KEEE/LHSRB
PR L TEBBORLEGRET > TN Z LRG0 5, —fiIT, KERLMESRA IZ, BEEEELHE SRA £V
LRWERIZSHDMI6), R1TRENLIEIABETH . Zhid, HAZE%L SRB BEHLT 3 20ic, W
AXEOPREEL LTORESRIEBRIEREN 2N ch L EL NS,

R 2 (sufatepoor) TIZMPBREBTH T, ¥, kFE TubI U BIRBIERCHITDSRBOETF
DY ALFELE. BRI SRBOERIIY O TH Y, HHITEDLhRZP -,
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Table 4 Methane-producing and sulfate-reducing activities (based on gCOD *gVSS-1-d1) of seeded sludge, R1 sludge
(sulfate rich), and R2 sludge (sulfate poor).

UASB reactor Methane-producing activity Sulfate-reducing activity as COD equilibriuma)
acetate H,/CO, acetate Hy/CO, propionate

Seeded sludge 0.043 0.145 0.0025 0.14 0.031

R1 (day 861) 0.1410.01 b 0.00+0.00 0.27+0.01 0.26+0.00 1.01£0.02

R2 (day 751) 2.7410.08 2.16£0.02 0.00£0.00 0.33£0.00 0.44+0.04

a) determined by sulfate reduction, b average * S.D.

3.3 UASBRR:2FDCODRREEECOD - MssISFIHEE DM

Fig. 413, R1LR 20DCOD - B AR EOEBLRT. COD - BiBfMEZT, FhEh, CODE
BT 2AMAR EREROR L LTkRD L,

R 1 ZB#INZCODIRER 90 %% fFF LoD, HEEFIAEE 1.3 kgS042-S-m3-d1 & L. R1IL,
HEMETRBEEAERKONREFATEDIRIEH VLS. £, R 2IBKIICCODH FEE M 21ke COD
m3edl L, HENEEOBENTEETH o/, CODRER 84 BB baMs, FREEHAEE D 034
kgSO42-S-m3-d iZE T LR L.

RIEBOCODRERIINTIREBOBBRF L L TR, (H)REBRORILARESE, (2XEORKEE
/CODH, Q)EiMHEAMAN, Zid5, ¥ ZO3IFOPTEREORIFTVWETIL (1o bk L
Ez bbb, QREBE/CODHOEREIL, R1LR2OBRESK, REGROEHENSLE OFEE/CODMY
KRB END Z L TELRD, QOFBHARANERORBERIL RIS ORGP TIRMEIRIIZ620E
Bbihd, MXITHESLIE, RHEUASBRERAZRWT, CODARAR 45 kgCOD-m3-d-1, BHESHABMAR
0.76kgSO42-S-m-3-d1, CODMERE %0 %A ERL TVE,

LFAMTR, BEKREESRIGEEE L MEDRBMIEECELDBRIC O W TR L,

20.0

15.0

10.0

COD-utilizing rate (kgCOD-m3-d°1)
o
(=]

Sulfate-utilizing rate (kgS*m3-d-1)

Fig4 Variation of relationship between COD-utilizing rate and sulfate-utilizing rate for R1 reactor
(sulfate rich, A) and R2 reactor (sulfate poor, ). Values indicate operation period of R1 and R2.
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3.4 WHLYREELCODRREEDMFE

Fig. 512, R1 & R 2 OMZicBiF DRk #E#RE LCODREROMIRE R, Fig 5 HDLikkiz, CODME
EOLBAERT. BILKERENHR2D L, CODRERD ERBETTLZ &5, Bilb/kRBEHCODRKR
FEREEET D Zeabhb, BREESTOHELLR 1 TR, BEREERZ LoEERE» 52348 Bkt 2
bk L 107269 meH,5S -1 Th Y, CODRERIX33.TH12.6%EEL N Thof, LrL, BiEE
BHM Q388 H) L& TIZE{ARSERL TCODMERIIBRMIZOBICETER L. £, A4
BEDAEEE L7 R 2 TILER R 458 U TRAL K FEBE 5.44+3.4 mgH,S$S- 11 G, CODBMEE 80 %TH oM. EL
L, Fig. 545, 80%EL LOCODRERZRBET Do ITiZRIGHRILAREE % 100 mgH,SS- FH SUR THEFE
FTHILBRELEZLND, 22B, Fig 5 T THLKEREE 100mgH,SS-Ft SITFTHRERMN 0BL T LEL
RRoTWBLEIANHD, FOERLLTIR, (VR 1T, EENHHEETOREENINES LD LD,
ERZFEEhfc MPB icftb D CODBREENVER+HCERL TV ok Z b, ¥, QR 2T, Eim@ll
0HEETE, BRANEZ LR X7 100~200 HEICERBHSRE LI EABEX SRS, LEXEST, Zh
LDOTF—4 - RA Y M ERANT DD /L —TRLE,

100

80 A

>

s o0 s

= ¥

% A A A ‘."”'m.,." A

o 4 AN N AT

5 AL 2
Q A A
Q A

A Ri( 1-237th d.)
A Ri(after 237th d.)
O R2( 1-301std.)
.., |® R2(after 301st d.)
50 100 150 200 250
HoS concentration (mgS++1)

Fig. 5 Relationship between undissociated hydrogen-sulfide of reactor-liquid and COD
removal efficiency for R1 (sulfate-rich) reactor and R2 (sulfate-poor) reactor.

3.5 #HEPOHBMEHISHT IR{LYREOER

Fig. 6 i3, #EWMAMECNT DRIUMLKBRRE O RBEE A 7 AR TIHE LM Re =Y. Fig. 6-AlL
KEEE, AESBLRRR I B DERMHRTEE SRA) T4 SRk RBRECERE, HRSBHELT BH
DRI (sulfate rich) HRZHERFRICAVTHRE UTHBLALKRETHD (EELRIL, BLkREENR
LENWGRFTRERZIT otk EE 3y bu—4 (100%) & LTKoE) . SRAIL BERAROEEEZTT,
Bk REE OB AIC LY —RICHE S, BHEkEREL KRB SRB SRREEILE SRB X b R
<, 50% M SRA L2 BEHbk#EIE, ThEh, 380, 270 mgH,SS 1! BIETH o, FiLWsE oKz k-
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TSRB DRBIEHS—RIZBET T2 LI, #EWHMHSRBORBED THDHZLLBERLELX LD,

Fig.6-BiZ, BFEk - ARBILMEA SV EREE (MPA) RHTIHIEARBEORE L, K% 6S8HHL814
HE®DR2 (sulfate poor) FHREHKRBEICAVTHELEMRTHD. FERLARERICHN TS MPA R, i
REBOEREZTT, BkFEOMKICL Y —RIZET Uiz, BHLARIIHT 2R, ARKIEHEMPB A8
EFER®ILfE MPB X b @5 <, FNEh, 50% MPA L2 DF bk REBEE X, 220, 160 mgH,SS 1 BETH-
7z,

BLE, NATNVEERBROBEE?S, BIKROMEORBE L & WEICEFERILEMPB, k& &bl
MPB, EFEEZILMESRB, AEBAMSRBTH oM. Ef, R1IDXSRHEBETHIESHRALBE T, &
BRERTTOR REUDELY Bk REE) OB L > TREBELEMPBOBMIZBE S h, KEELE
SRB M L CHFEE D RICF S T2 EBRE 2D Z Ldibholk,

(A) (B)

00 £
—&— H-MPA (day 773

-

80 } -2 H-MPA (day 658)

—A—HDA (day 658)
—a—HDA (day 814)

40}
-8~ A-MPA (day 773)

20T _o- A-MPA (day 658)

Percentage of activity to control (%)
Percentage of activity to control (%)

-O—-ADA Eday 658;
~@—ADA (day 814
0 1 1 4 1 0 1 | L 1 3
0 200 400 600 800 0 100 200 300
H,S concentration (mgS-r D) HoS concentration (mgS+H1)

Fig.6 Effect of undissociated hydrogen sulfide on relative activity, using the reference-activity at the lowest
hydrogen sulfide.
(A) (ADA) acetate-utilizing and (HDA) hydrogen-utilizing SRB activity for R1 (sulfate rich) sludge.
(B) (A-MPA) acetate-utilizing and (H-MPA) hydrogen-utilizing MPB activity for R2 (sulfate poor) sludge.

4 &0
FHRICIVUTORELEB LR,

(1) R 1 (sulfaterich) Cid, EETHIC HIBBILARI107E69me-F BEDL A L2 D, AXERNE
ZRAEINT, HBRERTHHELL. RIEHARILHATHERO D OB R % BUG Bic Tk,
FeE B {LESRB 258 A IC IR L C, Bmiz SRR LA AL 46.217. TmgH,SS L DL AT, CODR
ERKO%EFFE LoD, HEEFAEE 1.3keS0,2-S-m3-d1 &k Lic,

(2) R 2(sulfate poor) i3, IR ZE U TRILKKMENS4234mgH,SS 1 T, A ¥ AERMSEBL
. MRS =al—LarBETL, FRAR25.5keCOD m3-d! T, CODRER S0 BREOHE
HREAZELTHE L.

(3) UASBOEERICIBT 80% Ll EDOCODBRER 2 RFFT 5 eI iX IS EILA MK % 100 mgH,S-S- /1
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UTTHETIZ EBDBELEL LN,
(4) SRBIZ X 27k - P RIEIEN S0 B ¥ CRE SN DHILMEEL, Theh, 380, 270mgH,SS-H T

Hotc. o, MPBIZLBKAHK - BiEEDRIFENS0%E CHES NI WL MEMEX, Fheh, 220, 160
mgH,SS- -1 TH o fe.

(5) BEERBEAFRAKOHEETIE, FEBERTORRELIMALKROMEIC X > THEEE{LIE MPBOA
FiIME SN, MEEELH: SRBASHM L TREBE O RRICH YT 5 MR L 2ok,

BT —%

MPA :methane-producingactivity, * & > 4 RRiEH:
MPB :methane-producingbacteria, X & > 4 pE
PDA :propionate-degrading activity, 71 ¥ VB IEN

PDB : propionate-degradingbacteria, 7 0 Y3 B AR E
SRA : sulfate-reducing activity, BEEHURITIEM
SRB :sulfate-reducingbacteria, FEESHE TTHIE

BEHR
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