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Abstract

Treatment of gypsum by sulfate-reducing bacteria with continuous culture was
studied, and the following results were obtained.

1) The amount of reduced sulfate at a pH in the range of pH 5.7 to pH 6.8 could be
expressed in terms of HCl demand for pH-stat.

2) Arrhenius’ plot could be adapted to the relationship between the maximum specific
titration rate of 1 N HCI and temperature.

3) The maximum growth rate obtained was 0.211 (hr™!) under the conditions of 30°C and
pH 6.8 with batch culture. The optimum condition for reduction of sulfate ion
with single stage continuous culture was as follows ; temperature: 30°C, pH : 6.8 and
mean residence time: 8.1 (hr). And the reduction rate of sulfate ion was 1.0 (mmol/
l-hr) under the optimum condition.

4) Model parameters were determined from experimental data with batch and continu-
ous culture, and the simulation results were in good agreement with the experimental
data.
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2CH;CHOHCOOH + SO4* — 2CH3COOH + 2C0O; + H2S + 20H" (1)
COMBEE, BFZERE LTHBELTHOLCLENTES, TxrF - oB BT LB

ICHZ, ZORE, BRSSO HS PERT 260 EEL N5,
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Tablel1 Medium Components

Fi Lo, BEHIBR Y PR @03 = b 2Rk Components (g/1]
B56DRFELTIHAALF—RETH D, M K,HPO, 0.5
RERLBVT, WS oABEE 2 HEL NH,C1 1.0
BARATTHY, COBKH SRBUCI, < NaCl 0.824
o FeClyenH;0 0.006
L — ¥ RN H L7,
FAEHE LTARS 1) 98 EEA L, MaCL G0 oo
mi@%f%&fc&, HBREOBER, TE3/1705 thioglycolic acid 0.01
W EMBHEFLL, BEEE IR 2.3 (g/1] L-ascorbic acid 0.01
E LT, B, AHFOMKICHT BIEMEI, yeast extract 0.5
HRE2BCT, 2.63(g/DTH B3, KBTI, sodium lactate 3.0
! N i ‘ CaS04+2H,0 2.3
IR 2l o i fi7 L 3
??m®ﬁﬁﬁf%ﬁ&Mi’23[gﬁéﬁ’&i added distilled water 1.0 (£)
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Fig.1 Schematic of apparatus
1. Mediurm reservior 2. Pump
3. Reaction vessel 4, Sampling vessel
5. Stirrer 6. Waste vessel
7. Bubbler 8. N2 gas
Factor Function
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|
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8. Mixing condition

Fig.2 Factors influencing on activity of sulfate-reducing bacteria
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BEE, BERBEORBEYEDO—D2EELIOND, MEKREBER, 47 v I UICRE%,
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LN pH © FH A CEMWTHRML 72, BRSWEMER IS, MRLEKOBEFER B X
UHEEKRD 5 pH B TAEH TX 30, IN HCl BME & F4E H,S Bild, —ED S IGBHRDS
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Fig. 3 Batch experiments of temperature effect
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Fig.5 Batch experiments of pH effect
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Fig.6 Normarized plots of experimental data (batch experiments of pH effect)
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SIDERERI, MRNEREA30CIKEEL, pH %5.7, 6.4, 6.8, 7.8, ICHERHLTHEK
DOETRIBREN AT~ FER 4, Fig.5a, b, ¢, dICFRT . &M» SEEE, BEOMEMITE-T
FENREBARBESED LT E, HCIEMEE S ZNICHIEL T3 T E5bh b, i, RN
FEERARIEEE DS 0 I E DWW el ¢, BERBICEEE, BESELRBEREEN>THWE, D
&, AESELSICHBINIHICRBERTTHEO BN EIE L EAERL TS E
EZ OB, WARBRIEED, 01753 TOMERRIL pH 256.4, 6.8, 7.8 Dig&, 308
MBI THY, pH M6.7 ObORBTOBME L, 7, A HC HAMEEE, pH 756.8,
6.4, 7.8, 5. TONEFETKE D -7, WEE, pH H57.8 DEADPHOENMEE R L. CODE
&, BREEBIREOME L EBIBRAICNESCK-TwE, EFHE, BEMETTEREALER
ROELHED NI -10. H,S OKFE~DERE, pH 6.0 TRED 9%, 7.0 T50%,
78 TIBEHICET B, BERDOIIRENE, BE HS KL3EEDOH LHEINEY, &
7z, pH M5. 7T OB EBROEVED o7,

wic, EBEABKLLLT 7oy FLicbD%, Fig.6a, b, ¢, d WRTTHEOLEMKE, &
FIEO0TH, SRAMEEHITOMDILE LD, HCLRMED, SHRE COMBRMNEL
REBERINEEOIA L o/, £/, RBIBREBEL, MRARBREEL I & LLESORES
T CIEILINIRBRBEEORE (ZhAEDBRBEETEHE LR 270y b LA, BH
Mo, BAR, BE, HC BEHRNECHM, REREcHeoEmE3IFE-BLTHhET &
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MENZFEREAR LI, 2NE, pH 18 DHEERICE W TERBIES SR 41N pH METL,
BREEAR O BEICSUSOSHEAREAN pH 45, HUT.8 WERT 2D ICHIIEL /72D TH B, fthd
pH SO ERT SRR, pH OBRETHAR SN, ToOvicks HClL RO BN,
BEAFEBTE L, £/, pH 736.8, 7.8 DA, MO MINGS, FHREBIEETE SO
HUTHFENAEMART, YLD 0o, RBIRRTHAITL TR, BARLDBED
HEEOLOMEERLTOEEDEEZSND, £, pH #55.75 5 6.8 DEFKICHL T,
REBERELHAOHESL LTHOBBERNELTHO T LW &b5bh b, 2% 0 HCLLSILERE
i, TN oo pH HiIR T, ATFFLILEEICHIET 2 b0 EE 2 5N 5, Fig.Talc& pH &
B B HK HCl BI#E %, Fig. Tb i@ K HCl BI#EE 2R L, Fig.Ta, bk D #W pH i3,
68 ML ATMIICHELTWAE LD EEL SN,
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Fig.7—a Relationship between pH and Fig.7—b Relationship between pH and
maximum titration rate maximum specific titration rate
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Fig.8 Continuous experiments of mean residence time effect
O : cell number (cells/ml)
B . 0.D.gs0 (abs.)
(J : sulfate concentration (mM/1)
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Fig.9—a Effect of mean residence time Fig.8—b Effect of mean residence time
on steady state values on sulfate reduce rate
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s EREA 5.0, 8.1, 1L.THEIEEL TEBOMMEREMBEREITE > ERE,
Fig.8 a, b, citifd, 3.1, 320EBRER I, MANEE, BN pHE, ZhFh30TC, 6.8
KEZELTV S, SR 5 EBRRIFICTDIA /B (Khic Start SEBHLTW3) BERE,
BEIEDLT, BIEEEEICEEL, ZhicHE L TERRBRIREEE, 8 UESHEIES
T &b d, HClIRMEE %2 70 » P LTOROLOE, ERICHEKEHET 5 ) F—N—H
JFUKD pH BARET L, ME) F—~—HNEKpH 26 8 EICHBLE LD TH S, TD
BHId, BrhBRLEOMGHERE—IGED SNoh, BEMIKRETE6DTH -1, RIT,
BEWHE &P ESEOEG%E Fig. 9a IRT, Tk b EHis i o Bimic 750 B ik,
BEOERMESEAL, MARBRRENRDTECEhbhb, MARBBRREL S SICEL
T2, PHEBERERELDEL ST L0, F340E, BAKEY ) ONBELELT
BT LTl B, FEOE—EBEE LT, SRMMAESELEZ L LT, BEABICBY 5 40%
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MR REST B EMNRYUTHBEELOND, 4, SPEHEERICH T 5 AH A EE
%, Fig.9b Ii/Rg, @EAEIC B0 2 B HOLEEE L, TLRAKRETIE, FEEaNE
T, BHERBRIRRE % Cor, MMMBRBEDERES Cs &30, (Cer—Cs)/T THAON
%o Fig.9b K0P A RHE, 8.1RMMN ISR KE VATFNIEEE 1.0 (mM/1hr) 2R L
TWB T EWBbhhb,

4. ERBER(CNITHEE

HARBRRRE S EAE, BEOMICE, BIFIGERSELET S E2MEITR LI, %
DEICER L, RIATRERIEE & BAREO BB EEROIIMET 5 L@, THMICEH
HTEEBHBELEAONS, TCT, EBhoBoniiis b Lic, ERILICHKERL 5 2
—y—AHEL, TOEAERAVT, YIiab—vs VEFE-LOT, FOBRERICET,

4, HEOBMEGLIEICE T 5 RAREBREE (Co) ., BEREBE (4Cy) OIZRE, @),
BXTREN D,

dgCy

@ #BCy— DBCy (2)
dC 1
—dsz(CSF"’CS) Ty #BCy (3)

o o HCEEREERE (hr')
aY D HEENE (BEHRE) (g/mM), (/mM)
D I FHRE (hr!)
ACy I RREE (g/1)
Cs - HMEBREE (mM/1)
Csr - BLEBERERIRIZE (mM/1)
2), 3L, NIBELS, ELEAHETHIEAKDAENT S, KAEBRTHE, b L —4—KEE
& AR ORSIKER, BIZRLRBATHLILEAEE LTS, I T, 4 % Monod
D, p=pmaxCs/(Ks+Cs) THMAL, EEFIREELZEZ S L, 2, B, @, BXEE5,

_ Mmax és _
Ks + és
H max Cs % ﬂév
Ks +Cs D(Css — Cs)

(4)

aY =

(5)
(FHFET~E, EFEEZRDT)
Table 2 IC & F i FRHICH 3 2 MERBEARE, REREOEFELR T, W XEERT

Table2 Relationship between mean residence time and steady
state value, growth yield based on optical density.

t (hp) 5.0 8.1 11.6
gCy (= 0.021 0.078 0.068
Cs (mM/1) 12.0 5.1 3.7
«Y (/mM) 0.016 0.0086 0.0081
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WWRT, EEIEICED ZIEERENGRE, —RicEbl, PEEFHEOEMCE ST OED

0.D.g50labs.)

Fig.
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Table3 Simulation conditions
A -
Pgrgmeter or Batch Continuous
initial condition
[o] o]
\ - D250 00084 pCy (0) (abs.) 0.006 0.118
Cs (0) (mM/1) | 13.4 0.102
e} ° M max (hr™H 0.54 0.54
o D (hr™1H) 0.0 0.123
\O\x Ks  (mM/D) | 19.1 19.1
. N «Y  (¢/mM) | 0.0084 0.0086
0 5 0 5 Css (mM/1D) 0.0 13.4
SULFATE CONC.(mM/{)

Growth yield based on optical density
(batch experiment (30°C, pH6.8) )
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1) BEH20°CH 530°C, pHA5. 70 56.8DRICH VT, pH A% » bk 5 IN HCI
IR AL RGCBIGO B E L THOW S &N TE %,

2) BEEA20°CH 530°C, pH H36.8 e BT, okt HCLESMIEEE L, Arrhenius DEUTHE
Do

3) EEH QRN T AR, BE30C, pHO6.8, M8 1 KT H
b, FOEEOREEOMMHEEE, 1.0 (mM/1-hr) TH -7,

4) Z FOO R IE O FERIVBIRICHEI 5 4 — 4 —DHEEAITIR O, Z0EHVT, v
Tab—va YEITE - R, KRR & IEEMROIEBGRER U,
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D FHERE (hr )
Ks @ faF0EE (mM/1)
t o SRR (hr)
aY . RERERIANE (g/mM]), (/mM)
ACy | IBEMBEHEEEBE (g/1)
o WRE B REGREK (I/g)
g . IEEARE R REARY ()
o PEXESEEEE (hr')
fmax - XK LLIESEERRE (hro')
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