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ABSTRACT

High strength sulfate in wastewater effluent will pollute the
natural environment seriously by sulfate reduction. The competition of
common electron donors between SRB and MPB, as well as the toxicity to
MPB by hydrogen sulfide produced by sulfate reduction make- it
impossible to remove both sulfate and COD effectively in a single
-stage anaerobic reactor. Moreover, the biogas produced will contain a
high level of H2S whose removal is quite expensive. So that two- phase
anaerobic digestion process was considered as an ideal strategy for
treating sulfate-rich organic wastewater (SROW). Kinetic parameters
show that, SRB will out-compete MPB when growing suspensively. However,
the kinetic parameters of them when attached growing proved stronger
ability of attached growth for MPB compared with SRB and the stronger
resistance capability of MPB to toxicity in biofilm or granules, MPB
can effectively predominant over SRB in granular sludge. Therefor
sulfate reduction and methane production could proceed separately in
two reactors , sulfate reduction occured in reactor I ( acidification
-sulfate reduction reactor) followed by reactor II where COD removal
and methane fermentation were completed.

A novel technology— two- phase anaerobic sulfate reduction and
methane fermentation (TP-ASRMF) system for treating SROW was developed
and studied in details on the phase separation, long-term competition
between SRB and MPB, and constructing the reactor-level kinetic models
for the composed influent as well as the actual influent from a
glutamic acid fermentation factory ([S0%~]=19200mg/1, COD= 29400mg/1)
with H2804 to adjust the pl . The main achievements are:

1. In reactor I SRB was enriched to a high concentration and kept
high activity with MPB being inhibited. Measure for carrying out phase

separation was described as following. In the 1initial period,
suspended sludge together with matrix was cultivated directionally
with composed wastewater containing sulfate at an appropriate

concentration in flask, SRB could grow rapidly on the matrix surface
and out -compete MPB. When the matrix was moved into reactor I, by
means of pH and recycle ratio contreolling,the necessary range of [H2S].
and [S?7]1 were maintained to prohibit MPB activity and to ensure SRB
being not influenced respectively. The acclimation process was
continued until the start-up was ended.Most amount of sulfate being
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reduced in reactor I, the main part of COD was removed in reactor II.
The phase separation can be considered as successively realized.

2. Sulfate reduction kinetics

(1) Mathematical model and treating results for composed influent

Multi-stage CSTR model was selected to describe the fluid flow
partern in reactor I—stripper system. N (the Number of equivalent
completed mixed reactor) was related to R (the recycle ratio)” as
following:

logN=4,859%10"*-8.067x 10"2R+4,.674x 10"*R?-8.863x 10"°R?

Sulfate reduction kinetics in reactor I followed non- competitive
substrate inhibition model. Sulfate reduction rate was as following
vhile R>10: |

- rs=29.7884S/[(0.667+S) (9.306+S) ]

When composed wastewater containing 10000mgS0Z~/1 and 20000mgCOD/1
was treated in the system at optimum conditions for sulfate reduction,
the reactor I and reactor II partitioned the total COD removal by 41.4%
& 58.6%, as well as the total SO0%~ reduction by 87.3% & 12.7%. The CHa
percentage in biogas was about 69%.

(2) Mathematical model and treating results for glutamate wastewater

High osmotic pressure and strong substrate inhibition being caused
by high influent [S0%~]. The effluent of reactor II had to be partly
recycled for deluting . While R>10 and B =1, the modified kinetic
model was expressed as

- r 5=9,7884S/[(0.667+S) (9.306+S)] + &
where 6 =76.001/[(A-1.461)2+76.001], A was the alkalinity of the
wastewater (gCaC0s/1). The estimation error was less than = 4%.

The main processing results of the whole system was listed in the
following table. The stripping efficiency of the stripper was about 60%.

S0%~ reduced |COD removed | SLR OLR
partition (%) partition (%)

reactor 1 | 88.1 49.5 19.2 29.4
reactor Il 11.9 50.5 2.12 | 12.85

It was not yet reported either to treat SROW in two-phase anaerobic
digestion process or to treat wastewater containing sulfate at such a
high concentration.

KEYWORDS: sulfate- rich organic wastewater; two- phase anaerobic
digestion; phase separation; sulfate reduction; glutamate wastewater.
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ek, MABERN P ZFEMSRB (Sulphate Reducing Bacteria, BKEERIER
W) MBS REERN, FRMRLEL BT HER.



W & A X B—E it

F1-4 FENEHKS AT ARMEKEIRENLE

MEB7 BB ER K I (ne/ 1) 7113 WEs
500 HEtrE B
400 MEtrg | HRIPAAR
KK 200 B | HRIPEAN
250 e BXH
250 HLE bR 73|
250 HEFEATTE *H
HHEAK:
s 800 M BB
I 600 BRI il
% 600 HEbRHE B
2 500 eI piN:i3
TakFk:
k) 100 e HEX
I 100 HEtr B
'aar 250 HSEtr HEK
FUE S 60 HERTE B
HEAT7KH 250 AT B
0]/ 4
F1-5 SEEREEB AT 5 B B
;- i1 H R J=1 73 J=1
Fe®*+S2~—FeS ¢ S, S0%~ HLmE A
ViE-IREE: | Ba?*+S03 —~BaS04 ¢ AT frEER
Ca2*+S07—~CaS04 ¥ FRER M
I Rsh B FERiET R REGH 5
-k R AS0%EE A il AR 75 HME, KHEIE
¥6S05 5Bk 4 BS Beimzssn ZB8S0%~




Mt HEHE—F it

SRB{# 1t

RMHBETRAR KBS, EFRLSHLYN. AARMLEEIFAIDRCERD
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ZEEM WA B I, EM 19594 Seluynl postgate £ HF I Z B MISRBR B
MEEMEHOLS L. B1950F Hungate R ABRERARFH LK, FEOHR
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BB R & (Desulfococcus), BBH E & (Desulfobacter) , MEFEREE
( Desulfobulbus) , WWBREE ( Desulfotomaculum) , BB N\ BIRER
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)1 b B Fh
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Desulfomonas 1 Desulfotomaculum 2
Desulfococcus 1 Desulfovibrio 4
Desulfobacter 1 Desulfurella 1
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Desulfotomacul lum 5 Desulfonima 2
Desulfosarcina 1
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EMXRPRALMENEIPAB (FEZME) MMPB (FHKE) ZHH
RAEXRL (ERS, AEZRERTERNZBRINSZRABREMNS% A,
AEHEZE) - PABEREAFRAHIBIHMIBEK IR, R, TREREF
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AGOI
CHsCH=C00~ +  3H20 — CHsCOO™+HCOs* H™ + 3He +76.1KJ
CHaCH2CH2000" + 2H20 — 20HoC00™ +  H™ + 2H2 +48.1KJ
CHaCH0H  + H20 — CHsCO0™ +  H™ + 2H2 + 9.6KJ
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COz, WiMPB H E#HPABRI IR =Yk v B d BRBERNE, H:
.AGOI
CHsCOOH — CHa + CO2 - 31KJ
4Hz + COz — CHa + 2H20 -131KJ
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S ) 4L B TR R~ 100mVBL T, ScBE, 7EE A TR — MBS LB B B
815 SR M, SRBHS HoMPBIE 55 4: ¢ o
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CHaC00™ = S0f~ —— H=2S + 2HCO3 (1-1)
CHaCO0™ + H20 ——— CHa + HCO3 (1-2)
IR TA |
BREEILIR: A G'=-47+5.91og ([HS~] [HCO3]/[S0%~] [CH2C00~]) KJ/mol
PEISE: A G'=-31+5.91og ([HCO3] [CHal/ [CHaC007]) KJ/mol

X P R b A BB Bk Wk BE 5 500mgS0£ /LAY, Isa (1986) 270 i ERASRE Ak
ZEAL ST B0 -49KIN-32Kd . A UL, WM EE, BBE S o B AR Bk XE IR R H B AR
PHFERERNEARSES, YANRFLEFEMAS .
SRBAIMPBX ZBMA AN E K A% L, BFREKN, EEREERKMHER
B4, SRBY F Z M AIH2/CO=69 3% M1 H KK # FMHPBL28-293, ME1-T7. BEMRR
R SR T, 7 [S0£7]<5000mg/ 18, MPBX$SRBR ifi Bt % HE 8 {R % 0397,
YDA HARZMBENGERLEARMGREKRNER, ERIAEYRREILK
RIEEPERF[BBTEYRPSRBEMPBII ALK hE ¥ M, 5B T AISRBSMHPB
M FM B AL, FITRI-8H PV, SREY, REEKFLEKH, SRBHE
MPBE%E%%E{){w&&%*%ﬂﬁfl‘mﬁiﬁﬂlamfﬂm*ﬂ#ﬁ. 1B 1E B R A&
Kot ,SRB MR EEMPBE M BRAKEKEE . Isa ABAINRHERBMREAR
RLEFH R, R, MR EAISRBAIIE R MK %306, T MR L EIMPB P H i /K o
10001, ME1-902°2), AAER—-ITHEET, REH, RELEHROHEE



1 £ & A i 3 B — = 4 it

RE, ARZRTHAOEN, BHESEENNERUNTEYREEEHESRN
Eelin), AUEENIFHRROMBERE, FEXHEENHERRRERKNBITER
?’EE@:

%1-7 SRBRIMPBIIAE KB h P2 X

il -9 Km Vm
(mmo1/ 12 %) (mmo1/gvss.d)
SRB g 0.2 15.4
AKX 0.001 1.2
MPB 2 3.0 30.4
i 0.006 123.0

#1-8 MPBRISRBFI ZBRAIZI 2K 2
R Bax T(T) &

(m/ 1) ( day 1)
Desulfobacter postgatei 4.5 0.72 30 Ingvosen et al (1984
Methanothrix 27.6 0.11 33 Zehnden et al (1980
SRB%QE% g 9.5 0.015 30 MOTOYOKI YODA (1987
MPB (=9 i 32.8 0.037 30

#1-9 BBuBEfTMRAM S, BE kSR ESRBAIMPBAI R B4R

(27 N > o = £} BT (%) H 3 (n/m]) [::}1124
EnlCHa/g
RIR EMRER  SRB MPB SRB  MPB MPB/SRB

lﬁ%ﬁ% 28430 26.0 74.0 125 4.8E10 100, 000

ELE , +3.6 *3.6

T 201 48 66.2 33.8 4E4  2.6E7 1000
1.7 *1.7

B SEAb L R/ 30 2000

VR B R

BAL Y34 MPB i 7 K B AL E

R 1R B2 ST RO BEAL ) 4R A 4% B T RO B AL 90 VI 8-22mg /1 C2%7 ) A
FIFHPB FO2E 4K, WCEF AR R4k B BURR 9 AL MO B MR 6 5 IR, HoS o B B 1 3 48
B— MRS A R R, Rk — RS WP A .
Alonzo VW.LawrenceTEWMF X BRI MP X HMAER P B4, HRUEDURBIEME
AU T K, RO ARG, B0, R TRRRLY LN
A+ SpeeceMParkint357 % T 5 i Rt # Hb 39 46 o, 50me/ | 4952 08 IF Mo 006 7= 7 42,




