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SU MMAR Y 

The continuously operated suspended growth anaerobic contact system was utilized to estimate the effect of 
sulfate reduction on the thermophilic (55~ methane fermentation process. Results indicated that reduction 
in methanogenesis in the presence of  sulfate was due to two separate, but related, processes; i.e. competitive 
and sulfide inhibition. Although prevention of competitive inhibition would be difficult under normal fer- 
menter operation, sulfide inhibition could be minimized by environmental selection of sulfide tolerant micro- 
bial populations through biomass recycle and pH control. Stable fermenter operation was achieved at soluble 
sulfide concentrations as high as 330 rag/1 soluble sulfide. Using batch fermenters, a maximum thermophilic 
sulfate reduction rate of 3.7 mg SO42 --S/g volatile solids (VS)-day was estimated. The importance of report- 
ing sulfate reduction rates on a biomass basis is demonstrated by a simple population adjustment kinetic 
model. 
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State University, Logan, UT 84322-8200, U.S.A. 
This research study was conducted at the Department of Agri- 
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I N T R O D U C T I O N  

Thermophilic (55~ methane fermentation has 
several advantages over the traditional mesophilic 
(35~ and psychrophilic (15~ processes. These 
include higher rates of methane production, lower 
required cell retention times, and improved dewater 
ability of the waste microbial sludges. Despite these 
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process improvements, little attention has been giv- 
en to the understanding of the environmental con- 
ditions which affect the thermophilic methane fer- 
mentation process. 

It is well known that the presence of sulfate in the 
methane fermenter can have adverse effects on mi- 
crobial populations and result in the contamination 
of the effluent gases [22]. Some of the environmental 
problems caused by the presence of sulfate in anaer- 
obic fermenters have been identified as: (a) fermen- 
tation inhibition; (b) metal corrosion; and (c) ema- 
nation of offensive odors [10,16,22]. 

In addition to the environmental concerns of hy- 
drogen sulfide production, many studies have dem- 
onstrated that anaerobic treatment of sulfur rich 
wastes may result in the preferential consumption 
of organic matter and/or molecular hydrogen (H2) 
in the reduction of oxidized forms of sulfur to sul- 
fide at the expense of methane generation 
[5,9,17,29]. The reduction in methanogenesis due to 
this shunting of available electrons from methane 
generation to sulfate reduction has been termed 
competitive inhibition. In addition to competitive 
inhibition, a threshold soluble sulfide concentration 
of 200 rag/1 s 2- has been reported to severely inhib- 
it methanogenic activity [22]. However, the mecha- 
nism(s) of sulfide inhibition is, presently, unknown. 

From previous investigations, it is clear that sul- 
fate reduction and methanogenesis are not mutually 
exclusive bioreactions. However, none of the previ- 
ous studies seem to have clarified the effects of sul- 
fate  reduction on thermophilic methane fermenta- 
tion in terms of bacterial concentration or 
distribution. In addition, no study exists which fo- 
cuses on the importance of microbial acclimation or 
nutrient/pH control in achieving stable thermophil- 
ic methane fermentation. Therefore, it is difficult to 
predict the quantitative effects of sulfate reduction 
on steady state thermophilic methane fermentation 
beyond that which can be calculated from sto- 
chiometry. However, even this may be presumptu- 
ous since the environmental conditions, which in- 
fluence both concentration and activity of bacterial 
species, can affect the sulfate reduction efficiencies 
significantly [14,18,39]. 

To determine the practicality of thermophilic an- 

aerobic conversion of a sulmte rich waste to energy, 
it is essential that the fundamental sulfate interac- 
tions be well understood. To provide baseline data 
on anaerobic sulfate interactions at thermophilic 
temperatures, the following study was conducted. 
The specific research objectives included: 

(a) defining sulfate utilization in a series of anaer- 
obic contact fermenters receiving varying sulfate 
loadings. 

(b) relating the main fermenter operational char- 
acteristics (e.g. fermenter pH, methane production 
rate, COD removal efficiency) to the influent sulfate 
concentration. 

(c) quantifying the influence of soluble sulfide on 
the accumulation of volatile fatty acids. 

(d) estimating the maximum thermophilic sulfate 
reduction rates. 

MATERIALS AND METHODS 

The reactor system consisted of four ten liter 
plexiglass thermophilic (55~ anaerobic contact 
units (Fig. 1). Due to the slow anaerobic bacterial 

A. Methane Fermenter 
B. Liquid Level 
C. Rubber Stopper 

P O. E.D" GaSBaffleSampling Port 
F. Biogas Collection line L 
G. Constant Level Device 
H. Liquid Sampling Port 
I. Effluent flow line 
J. Water Trap 
IC Gas Collection Device 
L. Effluent Clsrifiar 
M. Cell Recycle Line 
N. Recycle Pump 
O. Feed pump 
P. Feed Resevoir 

Fig. 1. Schematic of thermophilic anaerobic contact suspended 
growth reactor. 



Table 1 

Feed stock solution for thermophilic sulfate interaction study 

mg/1 

Sucrose (C 12I-'I22011) I0 000 
Yeast extract 200 
Ammonium chloride (NH4C1) 190 
Ammonium phosphate dibasic (NHaHPO4) 1500 
Sodium bicarbonate (NaHCO3) 9400 

growth rates, intentional wasting of  biological sol- 

ids 'was not conducted. Volatile solids (VS) mea- 

surements were made periodically on both the dis- 

carded clarifier effluent and the reactor mixed liquor 

to calculate system solid retention times (SRT). 
Sucrose was chosen as the principal carbon and 

energy source for all the experiments while sodium 

sulfate (Na2SO4) was the sulfate source. Both com- 

Table 2 

Tested and measured variables for the thermophilic (55~ sul- 
fide control experiments 

Variables: 
Hydraulic retention time 
Influent substrate concentration 

Organic loading rate 

Parameters: 
Influent: 

soluble COD 
soluble SO42 --S 

Effluent: 
alkalinity 
soluble COD 
soluble sulfide 
soluble SO42 -S 
pH 
volatile fatty acids 
total solids 
% volatile solids 

Gas production: 
Gas quality: 

liter/liter/day 
% CH 4 
% CO 2 
% H2S 

10 days 
10 g/1 COD to- 

tal - 
1 g COD/1-d 

10 g/1 
0-800 mg/1 
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pounds were introduced as components of the feed 

solutions. The feed also contained nitrogen, phos- 

phorus, alkalinity and miscellaneous nutrients (Ta- 

ble 1). Except for the sulfate concentrations, the 

feed stock solutions for the twelve conditions were 

identical. 
To insure biological acclimation during contin- 

uous operation, fermenter parameters were mea- 

sured at pseudo-steady states called constant state 

operating conditions. A constant state operating 

condition was defined to occur when the measured 

methane fermenter operational parameters varied 

by less than + 10% from the average value over one 

hydraulic retention time at a given set of experi- 

mental conditions. The reactors were allowed to op- 
erate for approximately twenty-five days at new ex- 

perimental conditions before a constant state 

determination was made. 
The constant state conditions were chosen in or- 

der to cover a wide range of sulfate loadings while 

maintaining constant hydraulic retention times a.nd 

organic loading rates (Table 2). To compare the 

changes in reactor performance as a function of sul- 

fate loadings, a control reactor was operated during 
the entire investigation. 

Inoeulum and reactor start up 

To provide a viable source of thermophilic sul- 
fate reducing and methane generating bacteria for 

start up of the microbial systems, each of the ten 
liter anaerobic contact reactors were inoculated 

with eight liters of reactor effluent from a prelimina- 

ry thermophilic sulfate reduction study plus two li- 

ters of effluent from a full scale mesophilic methane 

fermenter. During this acclimation period, reactors 

were monitored closely to verify that all units were 

at the same constant state before introduction of  
sulfate. 

Wet chemistry 

Chemical Oxygen Demand (COD) was deter- 

mined by the colorimetric method [19]. Soluble 
COD was determined by a COD analysis on super- 
natant samples obtained by decanting centrifuged 

raw samples. Centrifuging was done at 15 000 rpm 
for 20 rain at 4~ 



250 

Soluble sulfide was determined titrametrically 
[36] while the sulfate levels were measured turbido- 
metrically [36]. 

Reactor alkalinity, total solids, and volatile solids 
were estimated according to standard procedures 
[36]. The pH of each reactor was determined by a 
Beckman Aeromatic SS-3 pH meter. 

Volatile fatty acids (VFA) were measured every 
two days by a Flame Ionization Detector (FID) 
(Gow Mac Brand series 750). The specific fatty 
acids of interest were acetate (C2), propionate (C3), 
isobutyrate (IC4), n-butyrate (NC4), isovalerate 
(IC5), and n-valerate (NC5). 

Gas analysis 
Evolved biogas volumes were collected and mea- 

sured in liquid displacement measuring devices ev- 
ery two days. Average production rates during con- 
stant state conditions are reported. Methane and 
carbon dioxide percentages in the biogas were de- 
termined using the Thermal Conductivity Detector 
(TCD) gas chromatograph (Gow Mac Brand 550 
series). Gaseous hydrogen sulfide concentrations 
were measured colorimetrically by precalibrated 
lead acetate disposable glass tubes (Gastec Inc.). 

RESULTS 

The effect o f  sulfate on methane production and or- 
ganic matter removal 

The influence of sulfate on methane production 
over the entire range of sulfate concentrations test- 
ed is shown in Fig. 2. The maximum methane pro- 
duction rate of 0.27 1 CHg/1-d, which was observed 
at an influent sulfate concentration of 33 mg/1 
SO42--S, represented 85.2 percent of the maximum 
methane potential (based on organic matter reduc- 
tion). At the largest influent sulfate concentration 
(i.e. 800 rag/1 SO42--S), methane production de- 
creased to 0.11 1 CHg/1-d or 30.0 percent of the max- 
imum methane potential. 

The reduction of one gram mol (32 g) of sulfate 
sulfur requires the shunting of 8 mol of electrons (or 
64 g of chemical oxygen demand) from methane 
production according to Equation 1; 

~, 0.3 

-1  

�9 ~ 0.2 
n- 

o= 

.o 0.1 
D,.  

0.0 | i i I 

2 0 0  400  600  8 0 0  

S04-S mg/I (influent) 

Fig. 2. The effect of influent sulfate 'concentration on the me- 

thane evolution rate when the organic loading rate was held con- 

stant at 1 g/1-d COD. 

8H + + 8e- + SO42--  . . . . . . . . . . . . . . . .  > S 2- + 4 H z O  

sulfate reducing 

bacteria 

(~) 

Thus, on an energy basis, the maximum sulfate 
loading rate of 800 mg/d SO42--S should have re- 
sulted in decreasing the methane production rate by 
0.06 1 CH4/1-d (it should be noted that 0.35 liters of 
CH4 is equivalent to one gram of chemical oxygen 
demand at standard temperature and pressure 
(273.15~ 1 atm)). However, the observed reduc- 
tion in methane production of 0.16 1 CH4/1-d sug- 
gested that competitive inhibition was not the only 
mechanism causing methanogenic inhibition. 

Examination of organic matter utilization as a 
function of the influent sulfate concentration dem- 
onstrated that organic removal efficiency was affect- 
ed adversely by sulfate additions (Fig. 3). This re- 
duction became progressively worse with increasing 
sulfate loading. From a competitive inhibition 
standpoint, this reduction in organic matter remov- 
al efficiency was contrary to what would have been 
predicted. In other words, during competitive in- 
hibition, the preferential consumption of organic 
matter by the faster growing sulfate reducing mi- 
croorganisms should have led to greater organic 
matter utilization with increasing sulfate concentra- 
tion [12]. 

It is well known that the toxic or inhibitory form 
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Fig. 13. The effect o f  sulfate on effluent chemical oxygen demand 

when the influent soluble C OD was constant  at 10 g/1 and the 
hydraulic retention time remained fixed at ten days. 

of sulfur within methane fermenters is not sulfate 
but, rather, soluble sulfide [19,20,22,33]. At con- 
stant state conditions, sulfate was completely re- 
duoed at all sulfate loading rates investigated. The 
rapid reduction of sulfate was reflected in both 
aqueous and gaseous sulfide concentrations (Figs. 4 
and 5). As the influent sulfate concentration in- 
creased, soluble sulfide concentrations decreased 
slig]htly before reaching a maximum of 330 rag/1. 
Figs. 6 and 7 show the influence of soluble sulfide 
on the methane generation rate and organic matter 
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Fig. 5. Variations in gaseous sulfide concentration as a function 

of the inftuent sulfate concentrat ion when the influent soluble 

COD was constant  at I0 g/1 and the hydraulic retention time 

remained fixed at ten days. 

removal efficiency, respectively. The asymptotic be- 
havior of the data in the high soluble sulfide range 
suggests that microbial acclimation was occurring. 
It should be noted that this in the first study to 
report stable reactor operation of a suspended 
growth methane fermenter above 200 rag/1 soluble 
sulfide. Until now, it was generally accepted that 
200 mg/1 soluble sulfide represented a threshold 
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Fig. 4. Variation o f  the soluble sulfide levels as a function of  the 

influent sulfate concentration when the influent soluble C OD 

was maintained at 10 g/1 and the hydraulic retention time re- 

mained fixed at ten days. 
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Fig. 6. Variation of  methane production rate as a function of  the 
soluble sulfide concentration. The influent soluble COD was 

constant  at 10 g/1 soluble COD while the hydraulic retention 

time was ten days. 
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Fig. 7. Variation of COD removal efficiency as a function of the 

soluble sulfide concentration. The influent soluble COD was 

constant at 10 g/1 while the hydraulic retention time maintained 
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Fig. 9. Propionate accumulation as a function of the influent 

sulfate.concentration when the influent soluble COD was main- 

tained at 10 g/1 and the hydraulic retention time was held con- 

stant at 10 days. 

concentration, above which, total cessation of the 
methane fermentation process occurred in suspend- 
ed growth systems [22]. To determine at which stage 
of the methane fermentation process inhibition is 
occurring (i.e. hydrolysis or methanogenesis), the 
behavior of some important volatile acids was in- 
vestigated. 

Volatile fatty acid (VFA ) metabolism 
Acetate is one of the main intermediates in the 

converion of organic matter to methane and carbon 
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Fig. 8~ Acetate accumulation as a function of the influent sulfate 
concentration when the influent soluble COD was constant at 10 

g/I and the hydraulic retention time was held constant at ten 

days. 

dioxide [12]. In a stable methane fermenter, acetate 
is utilized as soon as it is formed, thus, its concen- 
tration is normally low (below 1000 mg/1). When 
the methane fermentation process becomes unsta- 
ble, acetate will accumulate together with other vol- 
atile fatty acids (e.g. propionate, butyrate, valerate). 
If not properly buffered, the increase in the organic 
acids will lead to pH depression which further im- 
balances the system. The accumulation of acetate as 
a function of the influent sulfate concentration is 
shown in Fig. 8. 

Below an influent sulfate concentration of 75 
mg/1 SO42 --S, acetate levels remained between 500 
and 1000 mg/1 while methane production levels var- 
ied by approximately + 12%. As the influent sulfate 
concentration increased above this level, acetate ac- 
cumulation increased significantly. Acetate accu- 
mulations were reflected in decreases in both me- 
thane generation and fermenter pH. To prevent 
system failure, the sodium bicarbonate buffer con- 
centration was increased to 11 g/1. 

In addition to acetate, propionate accumulations 
also were significant (Fig. 9). In the low influent 
sulfate region (i.e. 6 to 100 mg/1 SO42--S), the pro- 
pionate concentration exhibited large fluctuations 
reaching a maximum of 270 mg/1 at an inftuent sul- 
fate concentration of 100 mg/1 SO42 --S. Above this 
influent sulfate level, propionate concentrations de- 



creased and eventually reached a constant level of 
approximately 180 mg/1. The constant propionate 
concentration suggested that by proper pH mainte- 
nance and cell recycle, sulfide tolerant propionate 
utilizing bacteria developed within the reactor. Al- 
though this seems probable, identification of pro- 
pionate utilizers was not included as part of the ex- 
perimental program. 

Butyrate and valerate also were detected during 
fermenter operation (data not shown). The concen- 
trations of these acids varied from zero (at low in- 
fluent sulfate concentrations i.e. <75 mg/1 SO~ 2-) 
to approximately 40 rag/1 at an influent sulfate con- 
centration of 800 mg/1 SO4 z-. Due to the experi- 
mental error involved in measuring small concen- 
trations of these acids, it was difficult to clarify their 
accumulation behavior. However, it is well known 
that their presence in methane fermenters reflects 
methanogenic biological stress [12]. 

Understanding the difference in fermenter re- 
sponse to low and high sulfate concentrations is a 
very, important consideration in process control. At 
low sulfate concentrations, reduced methane pro- 
duction is due primarily to the shunting of electrons 
fi'om methanogenic to sulfate reduction reactions. 
This does not represent a microbially stressed con- 
dition. Reestablishing prior methane production 
rates, under these conditions, can be achieved by 
increasing the electron donor concentration by an 
amount equal to the electron donor utilized by the 
sulfate reduction reactions. Conversely, at the high 
sulfate concentrations, competitive inhibition oc- 
curs, but it is the resulting sulfide which has the 
greater impact on methanogenic inhibition. This in- 
hibition is characterized by an accumulation of in- 
termediate fermentation products (e.g. volatile fatty 
acids) and declining pH. Under these conditions, 
increasing the electron donor concentration exacer- 
bates fermenter inhibition. 

Sulfate reduction efficiency during thermophilic me- 
thane fermentation 

Because of the variations in sulfate reduction effi- 
ciencies reported in the literature [5,6,15,32], it was 
necessary to determine the degree of sulfate reduc- 
tion in the thermophilic suspended growth system. 
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At constant state conditions, sulfate was reduced 
completely at all sulfate loading rates investigated. 
The rapid reduction of sulfate was reflected in both 
aqueous and gaseous sulfide concentrations (Figs. 5 
and 6). As the influent sulfate concentration in- 
creased, soluble sulfide concentrations decreased 
slightly before reaching a maximum of 330 mg/1. 
The decrease in the soluble sulfide concentration 
above 400 mg/1 SO42- is probably due to the de- 
crease in fermenter pH from 7.3 to 7.1 which shifted 
sulfide into its more volatile, unionized (H2S) form. 
To prevent further pH suppression, the buffer ca- 
pacity of the system was raised which resulted in 
stabilization of fermenter pH. The effect of the buf- 
fer addition was the retention of a greater portion 
of the influent sulfur as soluble sulfide in solution. 
This change in gaseous sulfide behavior is reflected 
by a change in the slope of the curve in Fig. 5. 

Fermenters operating at high sulfate concentra- 
tions (i.e. >700 mg/l SO4 2-) experienced signifi- 
cant losses in microbial solids in the effluent. Specif- 
ically, the solid retention time was observed to 
decrease from 129 to 38 days as sulfate feed in- 
creased from 400 to 700 rag/1 SO42- (Table 3). Over 

Table 3 

Effect of influent sulfate concentration on solid retention time 
and acetate concentration in continuously operated thermophilic 
(55~ suspended growth anaerobic fermenter 

COC Influent Solid Acetate 
constant sulfate retention concentration 
operating concentration time (mg/1) 
condition (mg/1) (SRT) 

I 6 179 507 
II 33 160 201 
III 55 151 1045 
IV 75 I60 926 
V 100 122 1547 
VI 200 120 '1'850 
VII 300 135 2378 
VIII 400 129 2603 
IX 500 65 3740 
X 600 63 3660 
XI 700 38 4492 
XII 800 35 4470 
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this same range of influent sulfate, the acetate con- 
centration was observed to increase from 2603 to 
4470 mg/1. Despite the increased loss in volatile sol- 
ids, reduction of sulfate was complete over the en- 
tire range of influent sulfate concentrations. The in- 
creased loss of microbial solids appears to be the 
result of sulfide stress which reduced the solid sep- 
aration efficiency of the microbial flocs. Despite the 
stressed fermenter conditions, maintenance of sta- 
ble conditions (by pH control) resulted in contin- 
uous methane generation even at the high influent 
sulfate concentrations. 

Kinetics of sulfate reduction 
The maximum sulfate reduction rates achievable 

in a thermophilic (55~ suspended growth system 
were determined using one liter batch reactors. The 
influent sulfate concentration of 200 rag/1 SO42--S 
was chosen as the initial batch reactor concentra- 
tion. The bacterial seed was taken from the contin- 
uously operating thermophilic fermenter receiving 
the same sulfate loading. 

Due to the amount of time required to assay for 
sulfate relative to its expected utilization rate, an 
indirect sulfate analysis was formulated. The meth- 
od involved equating the sulfate reduction rate to 
the total sulfide production rate. To use this meth- 
od, it was assumed that sulfur losses due to micro- 
bial uptake and chemical precipitation were negli- 
gible. 

Under these conditions, a maximum gaseous sul- 
fide production rate of 0.039 ml I-IzS/g VS-h (or 

0.3- 
3 
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o 

0.2 I1 

._~ 
0.1 
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Uninhibited Methane Production 

~ J  Methane Production Predicted 
Competitive Inhibition 

Actua~ Methane Production 

J i = i 
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S04-S (rag/I) (influent) 

Fig. 10. The variation of  methane production as a function of the 
influent sulfate concentration when the influent is held constant  

at 1 g/l-d soluble COD. 

equivalently, 0.056 mg S/g VS-h) was recorded four 
hours after the introduction of the feed solution. In 
addition to the gaseous sulfide production rate, a 
maximum soluble sulfide production rate of 0.098 
nag S/g VS-h was determined after the same elapsed 
time. Combining the gaseous and soluble sulfide 
production rates gave a maximum total sulfate re- 
duction rate of 0.154 mg SO4-S/g VS-h (or 3.7 mg 
SO4-S/g VS-day). These kinetic values represent an 
average of duplicate analyses measured over a 
twenty-four hour period. 

DISCUSSION 

The existence of thermophilic sulfate reducing 
microorganisms has been known for some time 
[3,11,24]. However, few studies were found which 
investigated the influence of the behavior of these 
organisms on the thermophilic (55~ methane fer- 
mentation process. This is the first study, to this 
author's knowledge, which documents the effects of 
sulfate reduction on the methane fermentation 
process in which effluent fermenter biomass was re- 
cycled and pH levels were controlled. 

In the range of influent sulfate loading rates in- 
vestigated (i.e. 0.6 to 80.0 mg/1-d SO42--S), the ef- 
fluent sulfate concentrations were zero indicating 
complete reduction of sulfate. This result was not 
surprising when the sulfate reduction rate in the 
continuous system was compared with the maxi- 
mum rate obtained in the batch tests. For example, 
when put on a volatile solids basis, the influent sul- 
fate concentration of 200 mg/1 SO42--S resulted in 
a specific sulfate loading rate of 0.90 mg SO42--S/ 
mg VS-day to the continuous flow system. This 
loading rate was less than 25% of the maximum 
batch sulfate reduction rate of 3.7 g SO42--S/gm 
VS-day. 

Fig. 10 demonstrates that the reduction in me- 
thane production increased from that predicted by 
stochiometry with increasing sulfate loading. Thus, 
sulfate inhibition of methane production was due 
to, at least, two separate phenomena; (1) compet- 
itive inhibition; and (2) sulfide inhibition. Compet- 
itive inhibition could be estimated from theoretical 



consi,derations (Equation 1). Although it can lead 

to an appreciable loss in methane production, com- 

petitive inhibition is not characterized by the accu- 

mulation of  intermediate fermentation products. 

On the other hand, sulfide inhibition leads to a large 
concentration of volatile fatty acids together with 

suppression of  fermenter pH. 

Despite the reduction in microbial activity during 
sulfide inhibition, fermenter stability could be main- 

tained by biomass recycle and pH control. These 

process adjustments encouraged the colonization of 
sulfide tolerant organisms in the fermenter. 

Comparison of  maximum thermophilic sulfate 

reduction rates found in the present study to those 

recorded in previous studies demonstrates the im- 

portance of reporting reaction rates on a microbial 

solids basis. For example, a maximum volumetric 
sulfate reduction rate of 68 mg SO42--S/1-d had 
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been reported in a thermophilic CSTR unit [38]. I f  it 

were shown that this suspended growth system con- 
tained a 2% mixed liquor volatile solids concentra- 

tion (i.e. 20 g volatile solids/liter), the reported reac- 

tion rate would be identical to the one reported in 
this study (i.e. 3.7 mg SO42--S/g VS-d). 

Because few studies in the literature reported sul- 
fate reduction rates on a microbial mass or volatile 

solids basis, it was also difficult to compare the 

maximum thermophilic sulfate reduction rate 

found in this study to those reported at lower tem- 
peratures. Moreover, since sulfate reduction kinet- 

ics are dependent on the presence of viable sulfate 

reducing bacteria, it is important to consider the 

difference in sulfate reducer bacterial concentra- 

tions when comparing sulfate reduction rates of 

various systems [39]. The example given in Table 4 

illustrates how the concentration of  sulfate reducing 

Table 4 

Estimation of the percentage of sulfate reducing bacteria contained in measured biomass: hypothetical example 

EXAMPLE 1 

Continously operating thermophilic (55~ methane fermenter 
Data:: 
Influent sulfate concentration 
Influent biodegradable COD concentration 
Hydraulic retention time 
Sulfate reducer bacterial yield coefficient 
Methanogenic + hydrolytic yield coefficient 

A. Steady state production of sulfate reducing bacteria: 

B. Steady state production of methanogenic plus hydrolytic bacteria: 

100 mg/1 SO42--S 
10 000 mg/1 COD 
I0 days 
0.12 mg VS/mg SO42--S [24] 
0.16 mg VS/mg COD [35] 

0.12 mg VS/mg SO42--S 
80r 2 --S) 
1.2 mg VS/1-d 

x (10 mg/l-d 

Te, approximate this value, the COD equivalent of the reduced sulfate (i.e. 200 mg/1 COD) is first subtracted from the total influent 
COD removed from the system. The remaining fraction of COD utilized then can be multiplied by the appropriate yield coefficient to give 
an e,;timate of the steady state concentration of methanogenic and hydrolytic bacteria. The following demonstrates the calculations 
assmning that 100% COD removal was obtained; 

C. Steady state production of methanogenic and hydrolytic bacteria: 0.16 mg VS/mg COD x (9800 mg/1-d COD) 
157 mg VS/1-d 

Thus, the percentage of volatile solids which are sulfate reducing bacteria is determined as follows (assuming that the different 
populations are retained in proportion to their yields); 

D. Percentage of volatile solids produced which are sulfate reducing bacteria at 
steady state: 1.2/(157 + 1.2) x 100 

0.8% 
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bac te r i a  m a y  be e s t i m a t e d  in an  a n a e r o b i c  suspend-  

ed g r o w t h  system. 

Resu l t s  f r o m  this s t udy  a re  app l i cab l e  d i rec t ly  to 

the  des ign  and  o p e r a t i o n  o f  h igh  ra te  t h e r m o p h i l i c  

d iges ters  t r ea t ing  su l fa te  l aden  o rgan i c  wastes .  

L a r g e  v o l u m e s  o f  such  was tes  are  g e n e r a t e d  da i ly  in 

the  molas ses  a n d  suga r  p roces s ing  indus t r i es  [9,38]. 
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