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Treatment of high-strength sulfate wastewater with EGSB reactor
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ABSTRACT

To investigate the feasibility of expanded granular sludge blanket (EGSB) reactor for the treatment
of high-strength sulfate wastewater, the effect of EGSB reactor treating high-strength sulfate
wastewater was investigated fed with xylose wastewater. Results showed that the EGSB reactor
could be started up successfully in 21 d inoculated with anaerobic granular sludge when the influent
chemical oxygen demand (COD)/SO;" ratio was 3.5. The reactor showed a good performance during
the steady-state period, when the loading rate was 21.6 kg COD m= d™ and 6.2 kg SO” m™ d-,
respectively, the removal efficiency of COD was about 83%, SO}~ reduction rate was about 93%,
the biogas production rate was 0.65 L g™! COD, and the biogas yield was about 140 L. d™".
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1. Introduction

There are large amounts of high-strength sulfate organic
wastewater were discharged in the production process of
food, paper, medication, and so on. For high-strength organic
wastewater, it is usually treated with anaerobic technology,
which is not only economical and efficient but also produces
methane that can be used. However, when the wastewater
contains sulfates, during the anaerobic digestion process,
the sulfate-reducing bacteria (SRB) will compete with
methanogenic bacteria (MPB) for substrates and produce an
inhibitory effect on MPB. Meanwhile, the sulfide produced
by SRB reducing sulfates will also produce a toxic effect on
MPB and reduces the treatment effect of the anaerobic reac-
tor [1]. So the researchers used a two-phase process that sep-
arates the sulfate reduction process from the methanogens is
processed to eliminate the effect of SRB on MPB, but which
is costly due to the complexity of the process [2-8]. With the
deepening research of SRB and the development of anaer-
obic reactors, some new high-efficiency anaerobic reactors
have begun to be applied to the treatment of high-strength
sulfate wastewater [9-13].

* Corresponding author.

Expanded granular sludge blanket (EGSB) reactor is
developed on the basis of the UASB reactor, compared with
UASB reactor, the EGSB reactor added reflux, increased the
flow velocity and enhanced mass transfer, and so EGSB reac-
tor has high processing efficiency and operation stability,
which has been widely used in wastewater treatment [14-18].
However, the application of high-strength sulfate wastewa-
ter treatment is still rare. This study intends to investigate
the operating conditions and effect of EGSB reactor treating
high-strength sulfate wastewater, which provides a refer-
ence for the application of the EGSB reactor in high-strength
sulfate wastewater treatment.

2. Materials and methods
2.1. Reactor system

The EGSB reactor made of plexiglass with a working
volume of 12.2 L (90 mm in diameter and 1,000 mm in height
of the reaction zone, 190 mm in diameter and 250 mm in
height of the precipitation zone). The temperature of the
reactor was maintained at 35°C + 1°C. The reactor system is
shown in Fig. 1.
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Fig. 1. Sketch of EGSB reactor system.

2.2. Materials

The wastewater is produced by the xylose production
plant. The chemical oxygen demand (COD) concentration of
wastewater is about 4,500 mg L, the sulfate concentration
is about 1,300 mg L™, and the pH value is about 7.0. The
seed sludge of the EGSB reactor was taken from the inter-
nal circulation (IC) reactor of a citric acid producing plant.
Granular sludge particle is 0.5-2 mm, the total suspended
solid (TSS) and volatile suspended solid (VSS) were 109.06
and 78.52 g L. The sludge concentration in the reactor was
25 g VSS L™ after inoculation.

2.3. Experimental procedure

The experiment is divided into two stages: the reactor
start-up stage and the stable operation stage. In the start-up
stage, the load is gradually increased by controlling the
influent flow and concentration. When the influent COD
concentration reached 4,500 mg L™ and the hydraulic
retention time (HRT) reduced to 5 h, the start-up period of
the reactor was over. During the stable operation period, the
EGSB reactor run for 12 d at the constant loading rate, the
treatment effect and operational stability of the EGSB reac-
tor were investigated. In the process of operation, the
reactor recirculation ratio was 10:1-25:1 according to the
flow velocity (in 4 m h™) in the reactor.

2.4. Analytical methods

TSS, VSS, COD, and SO} were analyzed by standard
methods [19-20]. pH was measured using a portable pH
meter (Model HI9125), biogas production was measured
by LML-1 wet gas flow meter (Model LML-1, Changchun Filter
Co. Ltd., Changchun, China), biogas contents analyzed by gas
chromatography:.

3. Results and discussion
3.1. Start-up of the EGSB reactor

EGSB reactor started up after inoculating granular
sludge with initial HRT of 10 h, and the influent COD con-
centration was about 2,000 mg L™ through dilution, SO}
concentration was about 580 mg L7, the loading rate was
4.8 kg COD m™ d and 1.4 kg SO m™ d', respectively.
When the COD removal efficiency exceeded 80%, the load
increased gradually by shortening the HRT and increasing
the influent COD concentration, the load increase rate was
about 20% each time. On the 21st day, the influent COD
concentration increased to 4,500 mg L, the SOZ con-
centration was 1,300 mg L. Consequently, the loading
rate reached 21.6 kg COD m™ d™' and 6.2 kg SO m~ d™.
The COD removal rate reached 80.5%, the sulfate reduc-
tion rate reached 91.2%, and the reactor was successfully
started.

It was found that the load increased too fast during the
start-up process, it would cause acidification of the reactor,
affecting the stable operation and treatment effect of the
reactor [21]. In this test, the load increase rate was controlled
to about 20%, and there was no acidification of the reactor
during the start-up period, the effluent pH value of the reac-
tor was 7.1-7.5. The changes in effluent pH are shown in
Fig. 2. It can be seen that the load increasing scheme adopted
was feasible and would not cause an adverse impact on the
system.

3.2. Variation of COD

The variation of COD during the test is shown in
Fig. 3. Due to the high activity of inoculated sludge, the COD
removal rate reached 81.8% on the 6th day of operation.
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Fig. 2. Variation of effluent pH value with the load.

On the 9th day, the influent COD concentration was increased
to about 3,000 mg L7, the loading rate was increased to
12 kg COD m= d, and the COD removal rate decreased
to 79.2%, but the COD removal rate recovered to over 80%
after 1 d. On the 19th day, the influent COD concentration
was increased to about 4,500 mg L, and the loading rate was
increased to 21.6 kg COD m= d-, 2 d later, the COD removal
rate remained above 80%.

Yang et al. used a UASB reactor to treat xylose production
wastewater when the loading rate was 3.6 kg COD m=d-,
the COD removal rate was about 60% [22]. However,
when the loading rate of the EGSB reactor used in this
test reached 21.6 kg COD m= d!, the COD removal rate
could still be maintained at about 80%, indicating that the
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Fig. 3. Variation of COD.

EGSB reactor has a good treatment effect on high sulfate
wastewater.

3.3. Variation of SO

Variation of SO} during the test is shown in Fig. 4.
At the initial stage of start-up, the influent SO?- concentration
was about 580 mg L, and the SOZreduction rate was about
83%. With the increase of sludge activity and sludge concen-
tration, the SO?- reduction rate gradually increased, when
the influent SO~ concentration was gradually increased
to about 1,300 mg L7, the effluent SO~ concentration was
about 90 mg L, and the SOZ" reduction rate reached 93%.

Studies have shown that whether SRB has an inhibitory
effect on MPB depends mainly on the COD/SO?- the value
of the influent [23-27]. Yang et al. found that when the
COD/SQO? the value of xylose production wastewater was
over 2.78, SRB would not inhibit MPB [28]. In this experi-
ment, the COD/SO? value was maintained at about 3.5, the
SRB and MPB in the system were in a relatively balanced
state, both of the SRB and MPB had higher activity, which
made COD and SO?- achieve better removal effect.

3.4. Variation of the biogas production rate and biogas yield

With the operation of the reactor, the sludge activity
gradually increased, and the biogas production rate and
biogas yield gradually increased (Fig. 5). After 13 d, the
biogas production rate was maintained at 0.55-0.65 L g™
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Fig. 4. Variation of SOZ".
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Fig. 5. Variation of the biogas production rate and biogas yield.

Table 1
Components of biogas

Component (%) Day 7 Day 14 Day 21
CH, 65.23 70.81 73.56
CcOo 1.50 144 1.36
CO, 12.77 11.53 11.52
N, 0.65 2.72 2.86
H,S 0.37 0.25 0.22

COD, the biogas yield increased with the increase of load.
During the steady operation period, the biogas yield reached
about 140 L d.

The gas components at different stages were monitored
during the test, as shown in Table 1. It can be seen that in
the early stage of the test, the CH, content in the biogas is
65.23%. With the increase of the influent concentration and
load, the CH, content in the gas also rise to over 70%. The
content of H_S in the biogas is below 0.5%, and the concentra-
tion is low, which had no toxic effects on methanogens.

4. Conclusion

Using xylose production wastewater, inoculation of
anaerobic granular sludge, maintaining the influent COD/
SO?Z- value of about 3.5, the loading rate increase rate is con-
trolled at about 20% each time, and the EGSB reactor was
successfully started up in 21 d. The EGSB reactor has a good
removal effect on high-strength sulfate wastewater. When the
loading rate was 21.6 kg COD m= d and 6.2 kg SO m~ d-,
the COD removal rate was about 83% and the sulfate reduc-
tion rate was about 93%. The biogas yield increased with the
increase of load. During the steady operation period, the
biogas production rate was maintained at 0.65 L g™! COD,
and the biogas yield was about 140 L d-.
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