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Abstract : Influence of sulfate on the anaerobic hydrolysis and acidogenesis of particulate organics was
studied in a completely mixed acidogenic reactor. The shattered food waste as a particulate organics was
added into the reactor at a daily basis while dilution water containing various concentration of sulfate was
continuously supplied. The efficiencies of hydrolysis and acidogenesis at control were 60.1% and 19.4%,
respectively while they have increased up to 70.6% and 46.2% respectively at 350 mg/L of the sulfate level
in the dilution water. The buffering capacity of the acidogenic system increased with the increase of the
sulfate level. The efficiencies of hydrolysis and acidogenesis gradually decreased at over 350 mg/L of the
sulfate level in the dilution water. It was caused by the increase of the acidogenesis product used as
electron donor for sulfate reduction and inhibition effect of the hydrogen sulfide from sulfate reduction. It
could be concluded that sulfate in acidogenesis of particulate organics was used as a useful electron
acceptor to create a favorable condition thermodynamically and to produce additional alkalinity for the

increase of buffering capacity.
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INTRODUCTION

Food waste in Korea has caused a lot of
sanitary and aesthetical problems such as mal-
odor, leachate, and hazardous gases during its
collection and transportation.” On the other
hand, the food waste mainly consists of high
biodegradable substances such as carbohydrate,
lipid and protein. It means that the waste could
be a good reusable resource.

In this point of view, a number of studies to
produce a soil fertilizer by aerobic composting
or earthworm and to make a stock feed from
food waste have been conducted for the past
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years.” However, some problems such as wide
daily changes of the waste composition, high
content of salts and difficulties in maintaining
the freshness hindered the practical application
of the reuse and recycling technologies. Then, it
is reported’ that anaerobic digestion make it
easy to resolve the problems concerning food
waste management. It includes the organic acids
production through hydrolysis and acidogenesis
and the methane production by methanogenesis
of the acidified waste, or by co-digestion with
sewage sludge in the existing digester.’
Especially, the organic acids produced in ana-
erobic digestion process can be used as an
external carbon source for denitrifying bacteria
in biological nutrients removal process from a

low C/N ratio wastewater. These applications of
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anaerobic technology have found to be more
feasible for particulate organics including food
waste if the stages of the hydrolysis and the
acidogenesis are enhanced.

Generally, the hydrolysis is considered as a
rate-limiting step in the anaerobic digestion of
like food waste.*” The
hydrolysis process depends on the activity of the
hydrolytic enzyme which is produced by aci-
dogens.” The production of hydrolytic enzyme is
proportional to the rate of acidogenesis, but it
can be inhibited by the acidogenic conditions
such as pH, the levels of hydrolyzed organics
and other products. As the acidogenic process is
evaluated by thermodynamics, both the electron
acceptors and the products
including VFAs and hydrogen have an influence
on the performance of the acidogenesis,” which
is expressed as the terms of the rate of acido-
genesis, concentration and composition of the
VFAs.

In this work, the influence of sulfate as an
external electron acceptor on the anaerobic hydro-
lysis and acidogenesis of food waste was investi-
gated to obtain a favorable condition and method
for acidogenic fermentation for food waste in a

particulate organics

of acidogenesis

completely mixed acidogenic reactor.

MATERIALS AND METHODS

Food Waste

The food waste as a particulate organics was
obtained from a dining hall in KMU, and
shattered after the removal of impurities such as
plastic bags, chopsticks and others. The waste
was screened with a sieve of 4 mm opening and
the initial characteristics of the waste such as

solids, COD and pH was measured, and then
the waste was stored in a refrigerator of 5C to
prevent the denaturation until it was added as
the feed into the reactor. The seed sludge was
obtained from an anaerobic digester of NG
in B
metro-city, and used as the inocula for the

municipal wastewater treatment plant
acidogenic reactor after the analysis of initial
characteristics. Table 1 shows the average cha-
racteristics of the food waste and the seed
sludge. The composition of the food waste
changed daily, but the contents of vegetable and
grain based on wet weight were generally higher

than that of meat and fish.

Experimental Apparatus

In this study, two sets of the acidogenic
systems with around 13 L of the effective volumes
were used and each system was consisted of the
acidogenic reactor made of transparent acryl,
settling tank, dilution water tank, control box, and
gas collector of water displacement type saturated
with acidified salt as shown in Figure 1. On the
upper plate of the reactor, an air sealed feeding
port was placed to minimize the inflow of air
during feeding of the waste. The content of the
acidogenic reactor was completely mixed by the
blade connected with motor vertically. During the
acidogenic fermentation, the temperature of the
acidogenic reactor content was maintained at
35+1°C by the thermostat that was connected with
temperature sensor inserted in the reactor, and the
heating material
shattered food waste was intermittently fed to the
acidogenic reactors with a day time interval
through the feeding port, and the organic loading
rate was 15 g VS/L/day. The dilution water was

coiled around reactor. The

Table 1. Characteristics of the food waste and the seed sludge

TCOD (SCOD) Alkalinity TKN
0,
Contents pH TS (mg/L) VS (%) (mg/L) (me/L) (mg/L)
Food waste 4.55 120,539 93.3 134,933 (37,287) 1,020 2,800
Grain (37.5%), Vegetable (45.7%), Meat and fish (16.8%)
Seed sludge 7.46 30,046 439 21,320 (14,573) 2,187 130.8
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Figure 1. Schematic diagram of the lab-scale
acidogenic system.

continuously injected into the acidogenic reactor
with a peristaltic pump to supply the sulfate and
to prevent the accumulation of the fermentation
products such as VFAs, hydrogen and others and
the rapid pH drop during the acidogenic
fermentation. The flow rate of dilution water was
maintained to 4.29 L/day throughout experiments.
The alkalinity in the dilution water was controlled
to 8,000 mg/L as CaCO; by adding sodium
bicarbonate, and the concentration of sulfate was
adjusted from control (50 mg/L) to 1,250 mg/L by
adding of NaSO4 according to the experimental
schedule.

Sampling and Analyses

The fermented content was taken from the
sampling port everyday and total VFA, pH and
SCOD were measured to evaluate the stability of
acidogenic reactors. As the system was
approached to the steady state, the content was
sampled several times by 2—~3 hr of time
intervals during a feeding cycle. The pH, solids,
VFAs, alkalinity, nitrogen, phosphate and COD
were determined according to Standard Methods®
basically. The compositions of biogas were
analyzed by a gas chromatography equipped with
TCD detector.

Performance Estimation of the Hydrolysis
and Acidogenesis

All components are expressed in grams of
COD to evaluate the reactor efficiency for the
hydrolysis and acidogenesis of food waste. As

the production of hydrogen and methane are
relatively small, their contributions to the mass
balances were neglected for the easy estimation.
The percentage of hydrolysis (Hyd(%)) was
defined by the ratio of the produced SCOD (g)
and the added TCOD (g) for a feeding cycle by
following Eq. (1).

Hyd(%) = | 3,@:Suat/FSo | <100 (1)

=

where, S, and @, are the SCOD in the

effluent and the flow rate of dilution water at
time ¢ and F, and S, indicate the volume and

the TCOD of the feeding waste. The percentage
of acidification (Ac(%)) was estimated by the
VFA fraction of the amount of SCOD in the
discharged dilution water like below Eq. (2).

Ac(%) = [( 2, QSutrt;= FSy)

( 2QSast,—FSg)l <100 (2)

where, S, and S, are the total VFA in the
effluent at time ¢, and the VFA of the feeding

waste.

RESULTS

After 3 weeks of the start-up, the characte-
ristics of the acidogenic effluent such as VFA,
SCOD, and pH were stable and any perceivable
methane gas production was not observed,
indicating the steady state and the successful
start-up of the system. It took around 3 weeks to
approach a steady state after changes of the
operation conditions through the experimental
period. Figure 2 shows the behavior of soluble
COD according to the concentration of sulfate in
the dilution water during feeding cycle. The
SCOD were increased from 31,000 to 57,000
mg/L, depending on the level of sulfate, up to
around 3 hr from the feeding of food waste, and
then rapidly dropped to 26,000 ~ 28,000 mg
COD/L. However, from 6 hr to the end of the
feeding cycle, the SCOD slowly decreased. The
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peak levels of SCOD were observed to be the
highest at 350 mg/L of the suifate of dilution
water, and followed by 750 mg/L, 150 mg/L,
1,250 mg/L and the control. In the behavior of
total VFA (Figure 3), the peak values were
observed as 4,000~ 13,600 mg HAc/L between 3
and 6 hr after feeding of the food waste. The
maximum peak value of total VFA was the
highest as 13,600 mg HAc/L at 350 mg/lL of
sulfate and the order of the levels at other
concentrations of sulfate was similar with that of
the SCOD. However, unlike the case of SCOD,
the peaks depending on the ‘sulfate level were
not clear except for 350 mg/L of the sulfate
level.

The reduction efficiencies of the sulfate were
around 80% at 1,250 mg/L. of the sulfate, but
around 40~60% at the other sulfate concent-
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Figure 2. Behaviors of SCOD in the acidogenic
reactor according to the sulfate con-
centration during a feeding cycle.
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Figure 3. Behaviors of total VFA in the acidogenic
reactor according to the sulfate con-
centration during a feeding cycle.

rations. The amount of reduced sulfate during the
feeding cycle was the order of the concentration
of sulfate in dilution water (Figure 4).

The initial values of the pH ranged from 5.4
to 6.6 depending on the initial VFA concentration.
During the fermentation, the values of pH were
dropped with the increase of VFA concentration,
and then gradually recovered up to the end of
the feeding cycle. However, the recovery rate
was affected by the sulfate concentration, and
was a little faster in the cases of 750 mg/L. and
1,250 mg/l. of the sulfate in dilution water
(Figure 5).

DISCUSSION

The peak levels of SCOD were depended on
the sulfate level of dilution water and the highest
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Figure 4. Amount of the reduced sulfate according
to the sulfate concentrations during a
feeding cycle.
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Figure 5. Variation of pH level according to the
sulfate concentrations during a feeding
cycle.
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value was observed at 350mg/L as shown in
Figure 2. The percentage of hydrolysis at 350
mg/L. of the sulfate level was higher as 70.1%
than 60.1% of the control (Table 2). These
values are in agreement with the work by Henze
et al. describing that the synthesis of the
hydrolytic enzyme was affected under electron
acceptor conditions.” However, the levels of
monomer COD, differences with SCOD and
VFA as COD, were several times higher than
the VFA level as COD, and the influences of
the sulfate level on the SCOD was not so much
except for their peak times. Besides, the
hydrolyzed monomer to be fermented by aci-
dogens was affected by the sulfate and was
lower than that of the control. This indicates that
the monomer products from the hydrolysis could
inhibit the synthesis of the hydrolytic enzyme,
and the excretion of the enzyme might be
induced by the shortage of the hydrolyzed
product to be fermented by acidogens.” There-
fore, the apparent effect of electron acceptor on
the hydrolysis might be obtained at the lower
organic loading rate than 15g VS/L/day or at
the higher dilution rate the 0.33 day.

The performance of acidogenic reactor can be
generally expressed by the terms of the
acidification percentage and the concentration
and composition of VFAs. In the study, the
percentage of acidification of the food waste
was only 19.4% in control, but increased to
46.2% at 350 mg/LL of sulfate. The maximum
concentration of total VFA was affected by the
sulfate level in dilution water, and was 13,600
mg HAc/L at 350 mg/L of the sulfate (Figure
3). This indicates that the performance of
acidogenesis of food waste could be enhanced
by the shift of electron flow through the
addition of external electron acceptor. According
to Mizuno et al.,” the sulfate reducing bacteria

Table 2. Percentages of hydrolysis and acidification
according to the sulfate

Sulfate conc. (mg/L)|Control| 150 | 350 | 750 |1,250

Hydrolysis (%) | 60.1 | 65.2]70.6 | 65.1 | 61.1

Acidification (%) 194 |32.11462 | 415|319

(SRB) plays an important role to create a
thermodynamically favorable condition in an
acidogenic reactor by the consumption of
hydrogen produced from acidogenesis as a main
electron donor.” However, both the concent-
ration of total VFA and the percentage of
acidification decreased a little in the sulfate
range of over 350mg/L as presented at Table 2.
It can be concluded that the some portion of
produced VFA was used as an electron donor
for SRB or the activity of acidogenic bacteria
was inhibited by the hydrogen sulfide from the
sulfate reduction.” ™"

In Figures 3 and 5, the trends of pH changes
according to the sulfate were mainly affected by
the behavior of VFA concentration, but did not
directly depend on only the concentration of total
VFA. The dropped pH per a mole of total VFA
and the recovery rate depended on the amount of
reduced sulfate (Figure 4). The following
stoichiometry of the sulfate reduction shows that
the 2 moles of alkalinity as CaCO; are produced
from a mole of sulfate reduction.

SO} +4H, — H,S+ 2H,O0+ 20H

This indicates that the addition of sulfate as
an external electron acceptor can increase the
buffering capacity during the acidogenesis, lead-
ing to the reduction of alkalinity requirement to
maintain pH in the acidogenic reactor.

CONCLUSION

The addition of sulfate as an external electron
acceptor was effective to enhance the performance
of hydrolysis and acidogenesis of particulate
organic. The proper concentration of sulfate in the
dilution water was 350 mg/L at 15 g VS/L/day of
food waste loading rate and 0.33/day of dilution
rate. The synthesis of hydrolytic enzyme might be
inhibited by the monomer hydrolyzed from
particulate organics. The sulfate in acidogenic
reactor might be used as an electron acceptor to
create a favorable condition thermodynamically
and to produce additional alkalinity to increase
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buffering capacity.
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