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Abstract——The performance vf SBRs treating 1wo kinds of wastewater {synthetic wastewatcr con-
taining polyvinyl alcohol and effluent from a coke-plant wastewater treatment system) was investi-
gated in this study, in order ta examine the exact function of anserohic portion in & conventional
SBR. The set up of 4- or & hour znaerobic mixing period in a SER's eycle did not benefit for PVA
degradation. While an anaerobic reactor seeded with anaerobic sludge could partly hydralyse and
acidify PV A into readily-degradable intermediates. Durirg the anzerobic fill period of an SER treat-
ing the effluent from a coke-plant wastewater treatment system, the organic concentration was re-
duced to certain extent due to the adsorption of activated sludge and dilution of the mixed liquor
{rom the previous cycle. Parts of readily-degradable organics in the influent were utilised by denitri-
fiers as carban source. The biomass in a conventional SBR was alternatively imposed to aercbic and
anaerubic vonditions in its operating cycle, the environmental conditions needed for anaerabic hy-
drelization and acidification of refrsctory organics eould not cecur in such an SBR.

Keywords : sequencing batch reactar(SBR) ; anaerobic (aerobiz) fiils polyvinyl alcohot(PV A} degra-
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1 Introduction

The sequencing batch reactor (SBR) has received considerable attention and has been
used to treat municipal wastewater and a wide variety of industrial wastewaters since Irvine
and his co-workers identified a lot of advantages of the SBR (Irvine, 1979; 1989; Ng, 1989).
The SBR is able to complete the roles of primary setting, biodegradation and secondary set-
tling as well as nitrogen and phosphorus removal within a single reactor(Ng, 1989). In addi-
tion, the SBR can also effectively control activated sludge bulking and be operated with great
flexibility to accommodate for variations in operating conditions(Irvine, 1989).

The SBR process has also been found to be effective for treating hazardous wastewaters.

Herzhrun et al. (Herzbrun, 1985) conducted a laboratory-scale studies on treatmen: of both
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leachates from industrial landfills and industrial wastes shipped either in bulk or drums in
conventional SBRs. The results indicated that the SBRs was able to achieve acceptable efflu-
ent quality. In a similar investigation by Ying er al. (Ying. 1986), SBRs were also used to
treat landfill leachate. It was found that because of high feed TOC (180 mg/L). a high
MLSS ranging from 8000 to 13000 mg/l. was required to achieve satisfactory trecatment of at
least 90%4 removal in TOC and COD. High treatment efficiencies could be maintained when
hydraulic retention time (HRT) dropped from 10 days to 1 day by increasing the MLSS level.
Brenner er @/, (Brenner, 1992) demonstrated that, too long anoxic period in a time sequence
led to accumulation of poorly-degradable intermediates and resulted in a decrease in reduction
of phenol, cresols and dimethylphenols in SBRs. But, under tested conditicns, effluent COD
was ranging from 30 to 52 mg/L, which was much lower than influent COD level of 7750
mg/L. The degradation profiles ol phenol, 2-chlorophenol znd 2, 4-dichlorophenoxyacetic
acid in an SBR were studied by Lawadowski et al. (Lawadowski, 1986), it was found that
the SBR was very effective for these organics removal.

Based on the experimental results of the treatment of toxic and biorefractory wastewa-
ters with SBRs, Irvine and Ketchum (Irvine, 1989) suggested that, the SRR was uniquely
suited for the selection and enrichment of desired microbial populations because of the ease
with which a diverse array of operating strategies and selective pressures could be implemen-
ted. This has led to the conclusion that the SBR process is an appropriate technology for
treating toxic and biorefractory wastewaters.

There are three fill modes for an SBR: anaerobic, aerobic and partly aerobic. In most
cases, anaerobic fill mode is preferred to aerabic and partly aerobic fill modes, because a SBR
with anaerobic fill has many merits, These include: simultaneously removing organic car-
bon, nitrogen and phosphorus, effectively preventing filamentous bulking of activated sludge
and saving operating costs due to reduction in aeration time (Herzbrun , 1985; Hsu, 1986).
In the investigation by Herzbrun et al. (Herzbrun, 1985), anaerobic fill mode was imple-
mented as an energy-saving protocol, and the SBR was operated with up to 6 hours of anaer-
obic feed with very favorable results. As a result, the SBR with anaercbic {ill has been com-
monly used, particularly for treating municipal wastewater and domestic sewage(Yu, 10943,

On the other hand, some research results have shown that, the anaerobic acidogenic-
aerobic process is an efficient and cost-effective technology for treating wastewater contain-
ing refractory compounds (Qian, 1594; Zou, 1954). This process takes advantage of mi-
croorganisms involved in the anaerobic fermentation and acidification and their strong tole-
rance to high concentration inhibitory organics and unfavorable environmental stresses. The
main function of the anaerobic acidogenic step is partial scissions of polycyclic and hetero-
cyclic rings, cleavage of long chains and degradation of refractory compounds through anaer-
obic hydrolization and acidification. The intermediates converted from the refractory com-
pounds in the effluent of the acidogenic reactor are easily degradable in the subsequent aero-
bic treatment. This enables the process to meet effluent discharge standards in terms of

these compounds. The laboratory-and full-scale experiments have been conducted on the
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treatment of textile wastewaters containing polyvinyl alecohol (PVA) and coke-plant wastew-
ater through the anaerobic acidogenic-aerchbic process (Qian, 1994; Zheng, 1988). The re-
sults have demonstrated that the combined process is able to effectively decompose PVA,
dyes and other biorefractory compounds in the wastewaters.

In view of the mentioned-above, some researchers(Qiac, 1987; Jin, 1988; Zhou, 1593)
thought that, some refractory organics might be hydrolysed and acidified during the anaero-
bic portion in an SBR’s cycle, this would result in the improvement of their biodegradability
and lead to that they could be easily decomposed in the subsequent aerobic react period. If
such an option were correct and the anaerobic portion really played an important role in re-
moval of refractory organics within SBR’s, it would be expected that an operating protocol
which incorporated the increase in the anaerobic operating time and correspondingly the de-
crease in the aerobic time during the SBR’s cycle could adopted . This strategy is able to save
energy for aeration and simultaneously increase removal efficiency for biorefractory organics.

In this study, a parallel experiment was carried out at bench-scale with SBR’s treating
two kinds of biorefractory wastewater (synthetic wastewater containing PVA and effluent
from a coke-plant wastewater treatment system ). in order to examine the exact function of

the anaerohic portion in conventional SBRs.

2 Materials and methods

2.1 Reactor

Three identical plexiglas columns with a total liquid volume of 4 L were used as the
SBR’s. Each reactor was 8 cm in diameter and 10. 4 cm in height. Humidified air was intro-
duced through porous diffuser stones. Magnetic stirrers were used for mixing. Feed pumps,
decant pumps, magnetic stirrers and aerators were automatically controlled by use of pro-
gram timers. Three SBRs were operated at ambient temperatures ranging from 20 to 28°C.
2.2 Wastewater and seed sludge
2.2.1 Synthetic wastewater containing PVA

PVA is a typical biorefractory organic polymer. One gram PV A is equivalent to 0. 016 g
of BOD; or 1. 76 g of COD, so its ratio of BOD,;/COD is approximately 0. 011 ¢Nishikqwa,
1975). Its biodegradability is very poor. In this study, commercial-grade PVA (Product of
Xinghua Chemical Co. China) was dissolved into hot tap water to form synthetic wastewater
with addition of inorganic compounds. The saponification value and molecular weight of used
PVA is 99% and 75000 respectively. This type of PVA is commonly used in taxitile industry
(Nishikqwa, 1975; Suzuki. 1973). The original composition and concentrations of these
compounds in the synthetic wastewater are detailed in Table 1. The synthetic wastewater

could be diluted with tap water based on actual requirements.

Table 1 Composition of PVA —containing wastewater (mg/L)

PVA NH,C1 K:HPU, MgS, CaCly Fe30, NaHCO;

1000 180 50 50 30 50 300
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2.2.2 Effluent from a coke-plant wastewater treatment system

The tested wastewater was obtained from the effluent tank of an existing biological
treatment facility at Shanghai Coke Plant, China. The existing system was an ordinary ex-
tended aeration activated sludge process. The wastewater strength was categorised as low
range and contained ammonia as well as some refractory compounds. This tested wastewater
is referred to as coke-plant wastewater below. The composition of the wastewater is shown
in Table 2, NaHCO; was added into the wastewater to compensate for the decrease in alka-

linity caused by nitrification.

Table 2 Composition of the wastewater (mg/L)

COoD NHz-N NO;-N TN 55

418—360 86—137 8—18 96—147 30—50

2.2.3 Seed sludge

The seed activated sludge obtained from Chueyang Municipal Wastewater Treatment
Plant in Shanghai, China, was screened, seitled and decanted in the laboratory. The pre-
treated sludge was cultivated in a 20-liter chemostat at a solids retention time (SRT) of 40
days. In order to make the seed sludge adapt to the respective tested wastewaters, the con-
centration of tested wastewater in the feed was increased stepwise. The activated sludge was
considered acclimatized after approximately 50 and 60 days respectively. The mixed liquor
was drawn from the chemostat and added into the SBRs.
2.3 Analyses

Standard methods (APHA, 1992) were used for analyses, including chemical oxygen
demand (COD), suspended solids (58), mixed liguor volatile suspended solids (MLVSS),
mixed liquor suspended solids (MLSS), alkalinity, NH;-N and NO;-N, Organic constituents
of the coke-plant wastewater were extracted by methylene chloride into acid, base and neu-
tral fractions and qualitatively analyzed with a HP 5985-B GC/MS equipment { Hewlett
Packard Corp. USA). PVA concentration measurement was conducted in accordance with
the method described by Finley (Finley, 1561).

3 Results and discussion

3.1 Synthetic PVA-containing wastewater
3.1.1 Phasel

The effect of anaerobic mixing titme on the degradation of PVA in SBRs was examined in
phase 1. The reactors were inoculated with the biomass that had been adapted 1o PVA. The
synthetic wastewater was added into the reactors instantaneously. After fill was completed,
the three reactors were operated with different modes. The first SBR, designated Al, was
itnposed with 4-hour anaerobic mixing followed by 14-hour aeration. The second SBR, de-
signated B1, had 8-hour anaerobic mixing [ollowed by 14-hour aeration. The third SBR, C1,

was immediately aerated for 14 h after it received wastewater. So, three SBRs had identical
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aeration time and different anaerobic mixing time. The average results obtained with influent

PV A concentrations of 200 mg/L are presented in Table 3.

Table 3 The effect of anaerobic time on the SBRs

PVA COD MLSS, SVI,

Inf. Eff. Removal. Ind. Eff, Removal. mg/L ml/g
Al ’ 200 10, 0 80. 0 348 88 75.2 4980 38
Bl 20¢ 39.6 80. 2 348 80 77.1 4820 37
C1 200 43. 2 79.3 348 88 74. 6 5140 49

The data in Table 3 have shown that three reac-
tors had almost identical reduction of PVA and COD.
This suggested that set up of 4 or 8-hour anaerobic

ration,

mixing period ahead of aeration period did not have a

PVA concent

significant influence on PVA removal.

104 6 8 101214 16 18 20 22
Operating time, h

The PV A concentrations in mixed liquor of the re-
actors were measured at intervals of 2 h after the reac-

: R ) Fig. 1 PVA concentration against gperating
tor received wastewater except the first sample, which

was drawn just 5 mins alter [ill. Fig, 1 Hlustrates PVA e
concentration against operating time in the reactors.

After wastewater was mixed with the activated sludge from the previous cycle, the PVA
concentration in mixed liquor was approximately 104 mg/L. If only was dilution considered,
the theoretical PVA concentration of the first sample should be approximately 118 mg/L.
This showed that 14 mg/L of PVA was adsorbed by the activated sludge in 5 mins. As can
be seen from Fig. 1, there had been extremely slight reduction of PVA during 4-or 8-hour
anaerobic mixing period. Obviously, expected anaerobic hydrolization and acidification had
not taken place. After aeration began, PVA had been degraded markedly, resulting in simi-
lar effluent PV A concentration of the three reactors.

3.1.2 Phasell

After the set up of anaerobic mixing periods was unable to increase PVA removal effi-
ciency, set up of a separate anaerobic reactor in front of the SBR was designed to improve the
performance of the SBRs in phase II. The influent PVA concentration PV A level was kept at
200 mg/L. The anaercbic reactor, designated I, was set up ahead of C2. The synthetic
wastewater was first introduced into reactor D and anaerobically mixed for 8 h. The super-
natant from [D was subsequently aerated for 14 h in C2. So, this set was an anaerobic SBR
for acidogenic reactor and an aerobic SBR for post-treatment in series.

The 3-liter anaercbic reactor was seeded with anaerobic sludge from a lab-scale UASB
for bean processing wastewater treatment and activated sludge wasted from the three reac-
tors in Phase 1. Synthetic wastewater and seed sludge were fed into the reactor and set in a

temperature-controlled box with a constant temperature of 35C. In order to make the anae-
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robic bacteria adapt to PVA gradually, the proportion of PVA in the synthetic wastewater
was increased by 109 every day. After acclimation, the PVA concentration of the feed was
200 mg /1.

Table 4 Performance parameters of D-C2 and Bl

PVA CcOD MI.SS, SVI1.

Ind. Eff. Removal. Inf. Efl. Remowal. mg/L ml/g
B1 200 39.6 80, 2 348 80 77.1 4870 37
D—C2 200 16. 4 91.8 348 48 . B6. 4 4600 47

Table 4 presents the comparative results of D-C2 and B1. The data clearly showed that,
under the conditions of identical influent PVA concentration and aeration time, D-C2 per-
formed better than Bl in terms of the PVA and COD removals. The set up of a separate
anaerobic reactor ahead of the aerobhic SBR could significantly increase PVA and COD re-
movals.

The effluent from C2 was filtered and ultraviolet scanned, it was found that there was
an apparent absorption peak at a wave length of 254 nm. But there was no such an absorp-
tion peak for raw synthelic wastewaler containing PVA. Tig. 2 presents the absorbency

(Ay,) of mixed liquor against operating time in reactor D,

L0 As can -be seen from Fig. 2, after synthectic
50'3 wastewater was added into the reactor D and mixed with
;?j’ﬂ'z‘ the anaerobic sludge, the absorbaney (A,;,) of the mixed
0.0l e ! liguor increased gradually and was in accordance with
Cperaling time, f corresponding decrease in PVA concentration. It was

_ ' _ likely that the UV absorption peak was caused by inter-
Fig. 2 Absorbance (Ap;,) against operat- . .

mediates generated through anaerobic hydrolization and
acidification of PVA. This implied that, the structure of

PVA was changed through anaerobic hydrolization and

ing time in reactor D

acidification and some intermediates were yields, which were easily degraded in the subse-
quent aerobic SBR.

In order to verify the existence of anaerobic hydrolization and acidification of PV A in the
anaerobic reactor, 300 ml anaerobic sludge was drawn {rom the reactor D and then deactiva-
ted through heating. The deactivated sludge was mixed with 100ml raw wastewater in an 1
liter flask. Another 1 liter flask was fed with the same amount of raw wastewater and the ac-
tiveted sludge taken from the reactor C2. Both flasks with cover were set in a shaking ther-
mostat for 8h. After settling, supernatants from both flasks were filtered and UV -scanned.
Howewer, there was no UV absorption peak for both samples. It confirmed the existence of
anaerobic hydrolization and acidification of PV A in the anaerobic reactor.

There was an §-hour anaerobic period in Bl. During this period, PVA had been imposed

to anaerobic condition, but no anaerobic hydrolization and acidification tock place. While in
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the reactor D, obvious anaerobic hydrolization and acidification had existed during 8 heur
anaerobic mixing period. Apparently, such a distinct difference between two reactors in
terms of PVA removal essentially resulted from the marked difference in character and com-
position of biomass in the two reactors. The biomass in the aerobic SBR was alternatively
imposed to aerobic and anaerobic conditions in its operating cycle. the essential environment
needed for anaerobic hydrolization and acidification of PVA did not occur in such an aerobic
SBR.
3.2 Coke-plant wastewater

In this run, the coke-plant wastewater was manually added into reactars in 30 seconds.
Three reactors were operated following the scheme shown in Table 5. R1 was aerated imme-
diately after it received wastewater, whereas R2 and R3 were gently mixed aftcr they re-
ceived wastewater. 3 h and 6 h later, R2 and R3 started aeration respectively, Other operat-
ing parameters for the three reactors were kept at the same level. Therefore, effect of anaer-
obic time on the reactor performance could be evaluated in this run. The experiment results

are summarized in Table 6.

Table 5 Reactor operating scheme

R1 R2 R3
Working valume. L 4 4 4
Influent rate, L/d 2 2 2
SRT, d 410 40 40
Cycle time, h 24 24 24
Fill 0 o ]
Anaercbic mixing 0 3 6
React V 16 14 16
Settle z 2 2
Decant and idle & 3 ¢

Table 6 Effect of annerolc time on the reactor performance

Influent, Rl R2 R3
mg/L. Effluent., Removal, Effluent, Removal , Effluent, Removal,

mg/L % mg/L % mg/L %
COD 823 251 5%. 7 243 §1.C 234 62, 4
NH;-N 107 28 4.0 21 80.8 13 82.3
™ 118 87 26.5 79 — 49 -
MLSS,
mg/L - 3790 3820 3820

SVI, mg/g - 7 60 58
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From Table 6, it could be seen that, three reactors exhibited similar COD removal, but
the duration of anoxic period had a significant influence on the removal of NH;-N and parti-
cular total nitrogen (TN).

The organic constituents of influent, mixed liquor sampled from R3 were measured by
use of GC/MS, in order 1o understand the removal history of organic compounds from the
wastewater within the SBR. The sample 1 represented the influent, and sample 2 to 4 were
drawn {rom the reactor 3 mins, 3h and 6h later after wastewater was added into the reactor
and mixing began. The sample 5 was taken after 16-h aeration was terminated.

The individual compound concentration in the influent (sample 1 ) is referred as 100%%,

the relative amount of individual compound in all samples are listed in Table 7.

Table 7 Relative amount of individual compounds

1 2 3 4 5
Phenol 100 73 22 18 0
O-cresol 100 52 FA 24 2
3, 4-dimethyl phenol 100 59 57 57 23
Quinoline 100 54 68 77 58
Idol 100 50 48 46 30
Methy] quinoline 100 77 80 82 74
Quinoline aleohol 100 58 52 50 10
Isoquineline 100 63 76 81 87

Since every sample was drawn at different time, the difference among them can show as
follows;

(1) Sample 2 was drawn only 3 mins later after wastewater was added into the reactor.
Obviously, there was hardly biodegradation of organic in 3 mins. Therefore, the difference
in the amount of individual compound between sample 1 and sample 2 indicated the adsorp-
tion of activated sludge and dilution of resident mixed liquor from the previous cycle. As
shown in Table 5, the concentrations of individual compound dropped to some extent. This
suggests that the adsorption of activated sludge and dilution of resident mixed liquor could
make their concentrations drop markedly and the reduction was not actually due to biodegra-
dation.

(2) Three hours later after mixing began, sample 3 was drawn . During the 3-hour mix-
ing period, NQ;-N concentration had been on decline and denitrification had occurred. Deni-
trifiers utilized some organic compounds as their carbon source, Thus, the difference be-
tween sample 2 and 3 mainly represented the degradation of otganic by denitrifiers.

From Table 5, it was also found that some relatively readily - biodegradable organics,
such as phenol and o-cresol, were utilized as carbon source, On the other hand, the concen-
tration of quinoline, methyl quinoline and isoquinoline increased. This showed the desorp-

tion of some compounds adsorbed by activated sludge occurred.
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(3) Sample 4 drawn after mixing was terminated and the aeration began. During the pe-
riod between sample 3 and sample 4 were drawn, NO;-N had almost remained unchanged,
There was no significant difference between all figures of two samples.

{4) Sample 5 drawn after 16-hour aeration was completed. It could be found that 18-
hour aeration led to substantial decrease in concentration of o-cresol, 3,4-dimethyl phencl
and quinoline alcohol, while there was marked reduction in the concentrations of quinoline,
methyl quinoline, idol and isoquinoline compared with the ahove-mentioned compounds.
These compounds were hardly degraded in the SBR and were the main constituents of the fi-

nal effluent from the reactor.

4 Discussion

The experimental results above clearly showed that, the set up of the anaerobic portion
in a conventional SBR’s operating cycle did not benefit for degradation of biorefractory com-
pounds, and the anaerobic hydrolization and acidification of refractory compounds did not
take place in the anaerobic portion. Whereas the anaerobic SBR seeded with anaercbic sludge
and operated under strict anaerobic conditions could partly convert PVA into readily-
biodegradable intermediates. However, based on the report about the treatment of paining
process wastewater using an SBR by Zhou et af. (Zhou, 1993, considerable COD removal
was obtained during the anaerobic portion in the SBR’s cycle, over 55% of COD reduction
could be got during the anaerobic portion. Then, it was concluded by the authors that the
anaerobic portion played a very important role in degradation of organic. Jin et al. (Jin,
1988 reported that, 60% of aniline in the influent was removal during the 1-hour anaerobic
fill period. There are other similar reports concerning the significant degradation in the
anaerobic portion (Qiao, 1987). In our opinion, these wrong conclusions may result from
over-estimating the anaercbic portion’s function and neglecting the adsorption of activated
sludge and dilution of mixed liquor remaining from the previous cycle, which are exactly the
reason why there is a marked difference between the influent organic concentration and the
organic concentration of the sample draw after the anaerobic fill is terminated.

In order to further understand exact function of the anaerobic portion, microbial charac-
teristics of the SBR and basic requirements needed for anaerobic hydrolization and acidifica-
tion of biorefractory compounds should be discussed.

The anaerobic iodegradation of refractory compounds is the result of either catabolic ac-
tivity by a particular microbial species in the digester the concerted catabolism of consortia of
various microorganisms (Azhar, 1954). For examplc, aromatic compounds generally under-
go a ring reduction step in which anaerobes produce as a result of induction, a whole se-
quence of enzymes which convert aromatic substrates into an ” ortho” or ” para” cyclohexane
carboxylic acid derivative, followed by cleavage of the ring. This is the critical step for the
biodegradation of the aromatic compounds. These ring fission products are then funneled in-

to the Krebes cycle through z variety of pathways depending on the organisms and culture
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conditions (Berry, 1987). Stronach et al. (Stronach, 1986) have found that the reduction
and cleavage of benzene nucleus is mediated by fermentative and acidogenic bacteria. As a re-
sult, the chemical structures of aromatic compounds are changed and biotreatability of the
wastewater are improved through such an anaerobic fermentation and acidification step be-
cause of production of many mid-products which are readily degraded by microorganisms.
Pre-treated wastewater can be further treated by either anaerobic organisms or aerobic ones.
The acidogenic reactor takes advantage of microorganisms involved in the anaerobic fermen-
tation and acidification and thecir strong tolerance to high concentration inhibitory organics
and unfavorable environmental stresses. A schematic diagram of the anaerobic acidogenic-

aerobic process is illustrated in Fig. 3.

Raw - : . !
wastewater Anaerobic Aeration Setiling Effluent
™ tank tank "1 tank

Return sludge

Fig. 3 The schematic diagram of the anaerohic acidogenic-aerobic process

It can be seen from Fig. 3 that activated sludge from the secondary settling tank is recy-
cled into the aeration tank instead of the anaerobic tank. The anaerobic tank can be a TJASB
or an anaerobic filter with supporting media, The reactor is of high-sirength anaerobic
biomass and operated under anaerobic conditions. In such a combined process, aercbes and
anaercbes are not mixed. This insures that subsequent aeration does not have any influence
on the front anaerobic tank. The anaerobic fermentation of the facultative anaerobes in the
anaerobic tank is not inhibited by dissolved oxygen and the obligate anaerobic are able to sur-
vival in the anacrobic tank. As a consequence, it can be guaranteed that some refractory
compounds are hydrolysed and acidified into readily-degradable intermediates. In the course
of anaerobic hydrolization and acidification, the cbligate anaerobes perform more significant-
ly than the facultative anaercbes, and the quantity of the former is approximately 100 times
higher than that of the latter (Zheng, 1988). Therefore, the znaerobic hydrolization and
acidification of refractory compounds are mainly completed by the obligate anaerobes. This
also implies that, the necessary ecological environmental stresses for the anaerobic hydroliza-
tion and acidification of refractory organics are the presence of anaerobic environment in
which there are large amount of obligate anaerobes. Anaercbic environment with just zero
concentration of dissolved oxygen does not mean that the anaerobes hydrolysing and acidify-
ing refractory compounds must be presented or the environmental conditions needed for
anaerobic hydrolization and acidification can occur,

During the operating cycle of a conventional SBR, dissclved oxygen has been present for
part of the cycle. Obviously, obligate anaerobes are unable to survive in such a reactor be-
cause they only live in absolute anaerobic environment and can be killed even under the con-
ditions with very low-concentration dissolved oxygen (Stronach, 1886). As a consequence,

there are no obligate anaerobes in the activated sludge in the intermittently aerated SBR.
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Some facultative anaerobes may be presented in the SBR. But the anaerobic period dur-
ing the cycle is not long, and is followed by the aercbic period. Introduction of oxygen can
immediately inhibit the anaerobic fermentation of facultive anaercbes. This leads to that the
anaerobic fermentation is quite limited and the concentration of fermentative products is very
low. According to the investigation by Silverstein and Schroeder (Silverstein, 1983), less
than 1¢ mg/L fermentation prodocts accumulated in the SBRs during the anaerobic fill peri-
od., although the influent COD concentration exceeded 1000 mg/L and the wastewater was
made of sucrose, bactopeptone and inorganic nutrients. Besides, under the conditions of co-
existence of readily-biodegradable and refractory organic, the facultative fermentation-prod-
uct-manufacturing microbes must utilize the readily degradable organics instead of the bio-
drefractory organics to conduct fermentation.

In the study by Herzbrun et alf. (Herzbrun, 1985), phenol degradation during the
anaerohic feed pericd was also studied, The phenol build-up in the SBR during 6 hour unaer-
ated period was very close to calculated theoretical levels (if no biodegradation was
assumed). During the anaerobic feed period, less than 1% of the phenol had been degraded.
This result further confirms the conclusion mentioned-above.

In a word, a conventional SBR is intermittently aerated, the obligate anaerobes being
involved in the anaerobic hydrolization and acidification of refractory organics are unable to
survival in such an SBR. Therefare, the environmental conditions needed for anaerobic hy-
drolization and acidification of refractory organics can not occur. As a results, the anaercbic
portion in an SBR’s cycle may not be used to hydrolyse and acidify refraciory compounds.

It should be noted that, if an SBR is used to treat ammonia-containing wastewaters and
there are nitrification and denitrification in the SBR, some organic matter in the influent can
be utilized by denitrifiers as carbon source during the anaerohic fill period, and there is bio-
logical degradation of organics during the anaerobic portion. However, under the conditions
of co-existence of readily-biodegradable and refractory organics, the readily-degradable or-
ganic are favorably utilized by the deniirifiers as carbon source. Thus, it 15 still" difficult for

the refractory compounds to be degraded during the anaerobic portion.

5 Conclusions

The investigation with bench-scale SBRs treating two kinds of wastewater (synthetic
wastewater containing PVA and effluent from a coke-plant wastewater treatment systems)
was conducted, in order to cxamine the exact function of the anaerobic portion in SBRs’
operating cycle. The conclusions drawn from this investigation are as follows: (1) The set
up of 4 - or 8-hour anaerobic mixing period in SBR’s cycle did not benefit for PVA degrada-
tion. While an anaerobic reactor seeded with anaerobic sludge and operated under strict
aneerabic conditions could partly hydrolyse and acidify PVA into readily degradable interme-
diates. The anaerobically acidified wastewater was subsequently treated through 14-hour
aeration in an SBR, total 91, 8% of PV A reduction could be achieved.
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(2) During the fill period of an SBR, the organic concentration was reduced to certain
extent due to the adsorption of activated sludge and dilution of the mixed liquor from the pre-
vious cycle. Parts of readily-degradable organic in the influent, such as phenol and o-cresol ,
were utilized by denitrifiers as a carbon source. A 16-hour aeration significantly reduced the
concentrations of o-cresol, 3, 4-dimenthyl phenol and quinoline aleohol, but it hardly re-
moved quinoline. isoquinoline. idel and methyl quinoline, which were the main constituents
of the final effluent trom the SBR. ‘

{3) The set up of the anaerobic portion in an SBR’s operating cycle did not result in the
degradation of biorefractory compounds, and the anaerobic hydrolization and acidification of
refractory compounds did not take place in the anaerobic portion. The biomass in a conven-
tional SBR is alternatively imposed to aerobic and anaerobic conditions in its operating cycle,
the obligate anaercbes being involved in the anaerobic hydrolization and acidification of re-
fractory organics are unable to survival in such an SBR. Therefore, the environmental condi-
tions needed for anaerobic hydrolization and acidification of refractory organics is unable 1o
occur.

(4) In the view of making full use of purification function of the SBR during the f{ill peri-
od and avoiding possible build-up of toxic organics during the fill period, it is unnecessary to
set up an anaerobic portion in the SBR’s operating cycle when it is used for treating refracto-
ry wastewaters,
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