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Sequencing batch reactors (SBRs) are known for high process stability and usually have a good
sludge volume index (SVI). Nevertheless, in many SBRs in Germany for municipal wastewater
treatment, scum and foam problems can occur, and SVI can be larger than 200 mL/g. The
microscopic investigations of the activated sludge from plants with nitrogen and phosphorus
removal have shown that Microthrix parvicella is dominant in the activated sludge in most of them.
Studies showed that the optimum growth of M. parvicella is performed at a high sludge age (>20 d)
and low sludge load in the range of 0.05–0.2 kg of biochemical oxygen demand per kg of total
suspended solids per day (kg BOD5/(TSS·d)). The investigations in 13 SBRs with simultaneous aerobic
sludge stabilization (most of them are operated with a system called differential internal cycle
strategy sequential batch reactor (DIC-SBR)) show that M. parvicella is able to grow in sludge loads
less than 0.05 kg BOD5/(kg TSS·d) as well. To optimize the operation of those SBRs, long cycle times
(8–12 h) and dosing of iron salts to eliminate long-chain fatty acids are both recommended. This leads
to better SVI and keeps M. parvicella at a low frequency.
Key words

| DIC-SBR, Microthrix parvicella, SBR, simultaneous aerobic sludge stabilization

INTRODUCTION
The biological wastewater treatment is based on two main
processes, the biological conversion of the pollutants
caused by the activity of the bacteria in the biological reactor, and the separation of puriﬁed wastewater from the
sludge. This separation is usually performed in the clariﬁer
or can be combined with the biological process in the
same unit such as in sequencing batch reactors (SBRs),
which have been mainly used in the recent years as treatment plants for areas with more than 5,000 population
equivalents (PE) (Lemmer & Lind ; Jenkins et al. ).
Most wastewater treatment plants (WWTP) require low
sludge loads and the establishment of aerobic, anoxic and
anaerobic zones to enable biological nitrogen and phosphorus removal. This has led to new biological communities
in activated sludge. The most common ﬁlamentous bacteria
which can live under these conditions have high ﬂexibility
and can exist in all the zones, for example Microthrix parvicella, nocardioforms, type 0092, type 1851 and Nostocoida
limicola (Ekama et al. ; Lemmer & Lind ).
Large amounts of ﬁlamentous microorganisms may
build bridges between or around the ﬂocs, which has a negative effect on the settling characteristics of the activated
doi: 10.2166/wst.2014.106
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sludge (high sludge volume index (SVI) >150 mL/g). This
phenomenon is called ﬁlamentous bulking. As a result,
many WWTP suffer under bulking-sludge or scum problems,
which result in serious operational problems and might
cause contamination of the rivers because of overﬂow of
sludge from the WWTP (Casey et al. ; ATV-AG ..
; Lebek ; Jenkins et al. ).
The most common ﬁlamentous microorganism, which is
responsible for bulking sludge, scum and foam problems in
93% of low load plants with nutrient removal in the north of
Europe, is M. parvicella (Knoop ). The appearance of M.
parvicella is associated with the following conditions (Slijkhuis
; Casey et al. ; Eikelboom et al. ; Kunst et al. ;
Kunst ; Nielsen et al. ; Paris ; Rossetti et al. ):

•
•
•
•

low sludge loading (0.05–0.2 kg of biochemical oxygen
demand per kg of total suspended solids per day (kg
BOD5/(TSS·d))
low temperatures (5–15 C)
large quantities of oil and grease
the change between aerobic, anoxic and anaerobic
phases
W
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low oxygen concentration (less than 1 mg/L O2)
recirculation of process water from anaerobic sludge
treatment
plants with primary clariﬁer.

There are many different studies about the methods to
control the growth of M. parvicella in WWTP, but not all
were successful. All studied methods can be summarized
by the following points ( Jenkins et al. , ; Ekama
et al. ; Knoop ; Kunst et al. ; Lemmer & Lind
; Kunst ; Lebek & Rosenwinkel ; Lebek ;
Paris ):

•
•
•
•

increasing the sludge load of 0.2 kg BOD5/(kg TSS · d)
could have inhibiting effect on the growth of
M. parvicella
dosage of iron chloride (low impact on M. parvicella)
dosage of acidic aluminum components (the most successful way)
application of aerobic, anoxic and anaerobic selector (has
no inﬂuence on the growth of M. parvicella).

Although many scientists such as Knoop (), Lemmer
& Lind (), Kunst et al. (), Kunst (), Lebek
() and Jenkins et al. () mentioned that low sludge
loads 0.05–0.2 kg BOD5/(kg TSS · d) favor the growth of
M. parvicella, studies about the inﬂuence of the very low
sludge load <0.05 kg BOD5/(kg TSS · d) on the growth of
M. parvicella are still limited. These low loads correspond
to plants with simultaneous aerobic sludge stabilization
(Wanner et al. ; Lebek ).
In order to deﬁne the effect of low sludge loads
(<0.05 kg BOD5/(kg TSS · d)) on the growth of M. parvicella, 13 SBRs in Germany with simultaneous aerobic
sludge stabilization were studied.
According to the batch process in the SBR, the substrates can be stored by the ﬂoc-forming and most of the
ﬁlamentous bacteria in the form of glycogen and acids.
There are two groups of these bacteria: high F/M bacteria
(high food/microorganism ratio) and low F/M bacteria
(Lemmer & Lind ). The high F/M bacteria such as
Sphaerotilus natans and type 021 N can store the substrates
as reserve materials only in limited amount. This causes a
reduction in frequency of these high F/M bacteria in low
sludge load plants. They are replaced by low F/M bacteria
such as M. parvicella.
Most of the investigated SBRs are working with the
differential internal cycle strategy sequential batch reactor
method (DIC-SBR) (Figure 1). This method was developed
by the company LimnoTec in Lübbecke, Germany, in
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Figure 1

|

DIC-SBR cycle (SH þ E GROUP 2012).

order to optimize the wastewater treatment. Only 20 SBRs
in Germany are operating with this method. The difference
between this method and a conventional SBR is characterized by two ﬁllings during one cycle with water having
different C/N ratios. The different C/N ratios are adjusted
in a multi-functional buffer reservoir before the SBR. The
water in the buffer is separated from the solid particles by
sedimentation. This supernatant water has a low C/N ratio
(which can be called thin water) and a low amount of
solids. During the ﬁrst ﬁlling the thin water is applied to
the reactor to an amount of 60–90% of the total ﬁlling
amount during the cycle. During this ﬁlling anoxic and
anaerobic zones exist, which encourage phosphorus
removal and denitriﬁcation, if nitrate exists. Before the
second ﬁlling the water in the buffer is mixed. The rest in
the buffer (about 20% of the total amount) is characterized
by a high C/N ratio. During the second ﬁlling the rest of
the nitrate is denitriﬁed (Rönner-Holm & Holm ;
SH þ E GROUP ).
It was proved that this method has a lot of advantages
such as improvement in the elimination of nitrate and phosphorus, high ﬂexibility and the opportunity of longer
charging times.

MATERIALS AND METHODS
Thirteen SBRs in Germany (1,000–25,000 PE) were investigated during cold and dry weather conditions. From each
plant just two samples from two locations were taken.
One sample was taken from the plant’s inﬂow to measure

1986

L. Mallouhi & U. Austermann-Haun

|

Occurrence of Microthrix parvicella in SBRs

BOD5. The second sample was taken during the second
aeration phase to measure SVI and to be investigated
under a microscope. Unfortunately, the duration of the project was too short for taking another sample. But the results
were compared with the results that were measured in the
plant, in order to validate them.
The main task was the evaluation of the operation diaries of these plants and the identiﬁcation of M. parvicella
to give a statement about the best operation of SBR and
the inﬂuence of the very low sludge loads on this bacterium.
Microscopic investigations
For microscopic investigations a Zeiss microscope type
Axiolab was used. By using one drop of crystal violet solution on air-dried smear preparation the total ﬁlament
abundance (ﬁlament category) was determined according
to the seven total ﬁlament categories (0, 1, 2, 3, 4, 5, 6)
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(Jenkins et al. ). The microscopic investigation at
100× magniﬁcation using darkﬁeld microscopy shows
violet ﬂocs and orange ﬁlaments (Knoop & Kunst ).
Some ﬁlamentous organisms can clearly be identiﬁed
according to their morphology, mobility, branching, thread
form, attached growth, length and width, appearance of the
cells, etc. (Schmid-Schmieder ; Remde ). Some
organisms are difﬁcult to be identiﬁed by their morphology;
in these cases Gram and Neisser staining have to be used.
By using Gram und Neisser staining the frequency of
M. parvicella was determined according to Table 1.
M. parvicella has a strong Gram-positive staining reaction,
Neisser-positive granules, coiled growth, no branching and
no movement. Its ﬁlaments are between 50 and 500 μm in
length and 0.8 μm in width. They can be found inside the
ﬂoc, surrounding the ﬂoc or dispersed (see Figure 2)
(Eikelboom ; Knoop ; Lemmer & Lind ; Paris
; Jenkins et al. ).
Calculation of sludge load

Table 1

|

Determination of the frequency of one ﬁlament type (Jenkins et al. 2004)

Frequency (–)

Description

0

No ﬁlaments were observed

1

Few ﬁlaments from the same type were observed

2

Some ﬁlaments from the same type were observed

3

Common ﬁlaments from the same type were
observed

4

Very common ﬁlaments from the same type were
observed

5

Plenty of ﬁlaments from the same type were
observed

6

Excessive ﬁlaments from the same type were
observed

Figure 2

|

To investigate the inﬂuence the low sludge load (<0.05 kg
BOD5/(kg TSS · d)) has on M. parvicella, the sludge load
was calculated in every investigated SBR over some years
using the following formula (DWA-M  )
BTS,BOD ¼ (Bd,BOD,in =(n  VR  TSSR ))  ðtZ =tR Þ
(kg BOD5 =(kg TSSd))

Bd,BOD,in: daily BOD5 load in the input of SBR (kg/d), n:
number of SBR basins (–), VR: maximum volume of SBR
(m3), TSSR: dry suspended solids content in relation to the
maximum volume of the SBR (g/L), tZ: cycle duration (h),
tR: duration of reaction phase (h).

M. parvicella in the plant Z: (a) Gram-positive; (b) Neisser-positive granules; ×1000 enlargement.
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According to the development of the sludge load over
years and the frequency of M. parvicella, it is possible to
determine the impact of the low sludge load (<0.05 kg
BOD5/(kg TSS · d)) on the growth of M. parvicella.

RESULTS AND DISCUSSION
SBRs are known to have SVI <150 mL/g with very compact
ﬂocs (Schreff & Hilliges ). The development of the SVI
due to temperature in some SBRs such as in plant A (see
Figure 3) shows that SVI can reach higher values in
winter (>150 mL/g) and ﬂoating sludge may occur. The
investigation under the microscope of activated sludge in
plant A shows that M. parvicella is dominant.
In order to optimize the operation of these plants, 13
SBRs with aerobic sludge stabilization were investigated
and analyzed and the frequency of M. parvicella was determined. All examined plants are treating municipal
wastewater. Because of the operation with simultaneous
aerobic sludge stabilization, these SBRs do not have a primary clariﬁer. The investigations of Lebek () indicated
that 10% of the long-chain fatty acids in urban wastewater
are not dissolved. The pre-treatment in the primary clariﬁer
is used to hydrolyze the fats, which improves the growth of
M. parvicella. Due to the absence of primary clariﬁers, the
frequency of this bacterium in the systems with aerobic
sludge stabilization could be lower. However, the investigations in some SBRs showed that this was not always the
case (Helmreich et al. ).
Unfortunately, SBRs in Germany do not have any
microscopic investigations in the plants. For this reason, as
mentioned in ‘Materials and methods’, samples were taken

Figure 3
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during the second aeration phase in each investigated
plant to measure SVI and to determine the existence of
M. parvicella under the microscope. The self-measured
SVI values, which are shown in Table 2, were compared
with the plants’ measurements (operation diaries) and the
results were very similar. In order to determine the impact
of the sludge load on the growth of M. parvicella, the
sludge load was calculated according to Equation (1). For
this calculation the data for a minimum of 4 years were
taken from the operation diaries. The results are shown in
Table 2.
Table 2 shows that M. parvicella exists in all investigated
SBRs, but in different frequencies und it can grow in plants
with sludge loads more than 0.05 kg BOD5/(kg TSS · d) and
less than 0.05 kg BOD5/(kg TSS · d) as well.
Comparison of SBRs according to operational process
Table 2 shows that M. parvicella can grow in most SBRs
with different operations. All these SBRs, except F and U,
are operated as DIC-SBR.
In SBR F wastewater is fed continuously during the cycle
time. In plant U there is no buffer and wastewater is fed parallel to both reactors. The cycle time in this plant is always 6 h
and does not depend on the inﬂuent amount. The reaction
phase is 3 hours; the sedimentation and decanting phase is
3 hours too. During the sedimentation phase in the ﬁrst
tank the water is charged to the second one.
Comparison of SBRs according to the sludge load
The frequency of M. parvicella in SBRs which permanently
have low sludge load <0.05 kg BOD5/(kg TSS · d) is 1–4,

Development of SVI according to the temperature in the SBR A in 2006 (operation diaries).
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Sludge load, SVI, used precipitant, ﬁlament category and frequency of M. parvicella in the investigated SBRs
Precipitant

Filament category

Frequency of M. parvicella

PE

96

FeCl3

2–3

2–3

5,000

72

FeClSO4

2–3

1–2

10,000

<0.05

98

–

3

2–3

3,000

<0.05

79

–

2

2

4,500

Plant

Sludge load (kg BOD5/(kg TSS · d))

A

<0.05

H

<0.05

C
D

SVI (mL/g)

P

<0.05

74

NaAl(OH)4

1–2

2–3

5,000–10,000

R

<0.05

90

NaAl(OH)4

3

3–4

16,000

B

0.03–0.072

74

FeCl3

2–3

3

9,200

O

0.03–0.1

86

FeCl2

2

1–2

16,000

S

0.05–0.12

122

NaAl(OH)4

3–4

4

22,500

Z

0.006–0.09

142

–

4–5

5

5,200

N

a

–

86

aluminum salts þ FeCl3

2

1

7,850

Fb

–a

129

(Al2(SO4)3)

3

3

4,000

259

FeCl3

5

4–5

8,200

Ub
a

<0.05

No information available.

b

Not working according to DIC-SBR (see ‘Comparison of SBRs according to operational process’).

matches with the results of Misera () and Lebek
(). On the other hand, in low load plants iron salts
show a good inﬂuence on M. parvicella but these salts
cannot completely remove this bacterium from the plant
(plants A, B, H and O) (Bidder ; Lebek ).
The dosing amount of the precipitant is variable. It
depends on the phosphorus load in the input of the SBR.
In order to give a better statement about the recommended
precipitant which should be used to optimize the SBR, the
dosing amount of the previous named precipitants was
determined depending on the 85% value of TSS and the
active substance content (see Tables 3 and 4).
Table 3 indicates that the dosage of 0.28 g Fe/(kg TSS · d)
during both aeration times has the best effect against the
growth of M. parvicella (plant H). A higher dosage amount
(1.0 g Fe/(kg TSS · d)) during the second aeration can have
good results too (plant O). On the other hand, Table 4 shows
that high dosage amount of sodium aluminate (during the
second aeration) can affect the growth of this bacterium.

except for plant U. It is less than in plants with higher loads
of >0.05 kg BOD5/(kg TSS · d) (frequency ¼ 3–6). Although
the plant U works with sludge load less than 0.05 kg BOD5/
(kg TSS · d), it still has a high frequency of M. parvicella and
nocardioforms as well. Plant U shows very high SVI:
>200 mL/g.
Comparison of SBRs according to the precipitant
However, the growth of M. parvicella can also be inﬂuenced
by the used precipitant (see Table 2). The aluminum salts
have different effects on M. parvicella. In SBR N the dosing
of FeCl3 over the complete year reduces the amount of
long-chain fatty acids, and aluminum salts are also dosed in
winter when M. parvicella begins to occur. This variation
shows the best effect on M. parvicella and the other ﬁlaments.
This fact corresponds to the investigations of Lebek ().
At the same time the sodium aluminate has obviously no
inﬂuence on this bacterium (plants P, R and S). This trend

Table 3

|

Plant

Precipitant

Comparison of DIC-SBRs which use ferrous precipitants

Dosing amount (g Fe/(kg TSS · d))

Frequency of M. parvicella

a

Fe content (g Fe/kg)

Notice

A

FeCl3

135

0.13

2–3

Dosing in buffer

B

FeCl3

135a

0.26

3

Dosing after the second aeration

H

FeClSO4

123

0.28

1–2

Dosing during the ﬁrst and second aeration

O

FeCl2

85

1.0

1–2

Dosing after the second aeration

a

Fe content was calculated according to ATV-DVWK A 202 E (2004) .
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Plant

Al content
(g Al/kg)

P

96

S

98
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Comparison of DIC-SBRs which use sodium aluminate precipitants

Dosing amount
(g Al/(kg TSS · d))

0–1.9

0.15–0.47

Frequency of
M. parvicella

Notice

2–3

Dosing after
the second
aeration

4

Dosing after
the second
aeration

The microscopic investigations show that ﬂocs are still
compact when using iron salts; in contrast, the ﬂocs in
SBR with sodium aluminate are more disrupted. Figure 4
shows that the ﬁlament category of the activated sludge in
the plant O is 2. The iron salt does not affect the ﬂoc morphology and it has a good inﬂuence against the other
ﬁlamentous bacteria. That is not the case in plant S, which
uses sodium aluminate.
According to the results in Table 2, it can be concluded
that the operation of DIC-SBR is better than the other SBRs.
The outﬂow quality of plant F may suffer because of the continuous ﬁlling. The mode of operation of the plant U
encourages the growth of M. parvicella and nocardioforms
and the dosage of FeCl3 is not effective in this plant.

Figure 4

Table 5
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In addition to that, low sludge load of <0.05 kg BOD5/
(kg TSS · d) could have negative effect on the growth of M.
parvicella. To prove this theory, one SBR with high load
and high frequency of M. parvicella was chosen and the
operation of this plant was converted (plant S).

Characteristics of SBR S
Plant S operates as a DIC-SBR. The elimination rates of BOD5,
NH4-N and Ptot in plant S are usually >80% (see Table 5). The
change in SVI in 2010 due to the temperature is shown in
Figure 5. It shows that SVI increased in winter, while it
decreased in summer. This development is a sign that M. parvicella is dominant in activated sludge (Knoop ).
Figure 6 shows the summation curve of sludge load
in SBR S over 8 years (2005–2012). Although, SBR S is
operated with simultaneous aerobic sludge stabilization,
the sludge load in this plant is more than 0.05 kg
BOD5/(kg TSS · d) (>75%). The 85% percentile of sludge
load is 0.1221 kg BOD5/(kg TSS · d).
The aforementioned results were calculated according
to the operation diaries of the plant S. The microscopic
investigations of the sludge in SBR S show that the ﬁlament
category is 3 and the frequency of M. parvicella is 4.

Activated sludge, original magniﬁcation ×100: (a) SBR O; (b) SBR S.

Elimination rates of BOD5, NH4-N and Ptot in plant S from 2005 until 2012
Elimination rate %
BOD5

Years

2005–2012

Min

81.2

NH4-N
Max

99.2

a

Average

95.1

Min

86.7

The low elimination rate of phosphorus was caused by the maintenance procedure.
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Ptot
Max

99.8

Average

97.7

Min
a

42.4

Max

Average

97.2

80.8
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Figure 5
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SVI development according to temperature in SBR S in 2010.

Figure 6

|

Summation curve of sludge load in plant S, 2005–2012.

Reducing the sludge load in SBR S

Water Science & Technology

Inﬂuence of sludge load <0.05 kg BOD5/(kg TSS · d)
on SVI
During the conversion process (reducing the sludge load), it
was noticed that SVI increased (see Table 6 and Figure 7).
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Actually, the temperature was decreasing in this period too
(from 14 to 10 C) (see Table 6). This could provide a
more suitable environment for the growth of M. parvicella.
But at the beginning of year 2012 the temperature was
very low (<10 C) and in this period SVI was better than
the values during the conversion (see Figure 8 and
Table 6). This indicates that both the temperature and low
sludge load affected the sludge negatively and led to high
SVI.
The elimination rates of BOD5, NH4-N and total phosphorus (Ptotal) were not affected by the conversion (see
Figure 9). The main problem during this conversion was
the appearance of ﬂoating sludge.
A few weeks after the raising of biomass concentration
started, it was noticed that ﬂoating sludge appeared (see
Figure 10). The risk of sludge overﬂow in the case of
W

To study the inﬂuence of low sludge load on the growth of
M. parvicella in plant S, TSS was increased from 2.5 g/L
to a value more than 4 g/L. This caused the reduction of
the sludge load to a value less than 0.05 kg BOD5/
(kg TSS · d). This investigation was carried out in the period
01.10.2012–06.12.2012. Within the conversion period, two
samples were taken once a week (see ‘Materials and
methods’). TSS, SVI and sludge load were self-determined.
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SVI while reducing the sludge load in plant S

Date

Temperature ( C)

tz (h)

SVI (mL/g)

05–10–2012

14.1

4

124

11–10–2012

14.1

8

81

17–10–2012

14.2

8

90

24–10–2012

15.7

6

91

31–10–2012

13.3

8

154

08–11–2012

12.5

8

112

15–11–2012

12.8

8

169

21–11–2012

12.2

8

157

28–11–2012

12.1

8

147

05–12–2012

9.9

8

208

Figure 7
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SVI development by reducing the sludge load.
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Inﬂuence of sludge load <0.05 kg BOD5/(kg TSS · d)
on M. parvicella and on ﬁlament category
The aim of the operational conversion was to determine the
inﬂuence of the very low load sludge (<0.05 kg BOD5/
(kg TSS · d)) on the growth of M. parvicella. Figures 11
and 12 show that the frequency of M. parvicella increased
by decreasing the sludge load to a value <0.05 kg BOD5/
(kg TSS · d), and the ﬁlament category as well increased
from 3 to 4 which led to higher SVI. The efﬂuent quality
of plant S was deteriorated and also ﬂoating sludge problems appeared.
Reducing the sludge load in SBR S showed that M. parvicella can grow in low loads of <0.05 kg BOD5/(kg TSS · d).
Sodium aluminate could not affect this bacterium.
Table 7 shows a comparison between SBR S (22,500 PE)
and the other DIC-SBR plants which have sludge load
<0.05 kg BOD5/(kg TSS · d) and phosphorus is eliminated
biologically or by using sodium aluminate. Small plants (C,
D and P) (1,000–10,000 PE) have fewer problems than the
bigger ones (R and S). This may be due to the existence of
higher concentration of long-chain fatty acids in bigger
plants because of the longer ﬂow times to the more centrally
located WWTP. In this case it is recommended to increase
the sludge load to over 0.05 kg BOD5/(kg TSS · d) or to
use suitable precipitants such as iron salts or acidic aluminate precipitants (PAC or AlCl3). However, these
aluminum precipitants must be used continuously (Paris
), which results in very high costs. For this reason,
using iron salts is recommended in these plants during the
regular operation. This causes improvement of SVI and
reducing the other ﬁlamentous bacteria. In the case of
using sodium aluminate and the appearance of ﬁlamentous
bulking the dosing amount should be raised.

Subdominant ﬁlamentous bacteria in SBR

Figure 8

|

Development of SVI and temperature in plant S in the ﬁrst 6 months of the year
2012 according to the operation diary of plant S.

strong rain was high, which could lead to deterioration of
the outﬂow quality. For this reason and because of the risk
that a further reduction of the sludge load might cause a
further increase of SVI, the conversion process was stopped
after 10 weeks.

Downloaded from https://iwaponline.com/wst/article-pdf/69/10/1984/471410/1984.pdf
by guest
on 15 November 2018

The microscopic investigations show that in addition to the
growth of M. parvicella in SBR, many other ﬁlamentous bacteria, which can cause scum and bulking problems, are
present and appear subdominant. The most common ones
are type 0041/0675, type 0581, type 0914, Haliscomenobacter
hydrossis, and in some plants also the sulfate bacteria (type
021N and Thiothrix sp.). The ﬁlling with low chemical
oxygen demand content encourage the growth of ﬁlamentous
bacteria (Chudoba et al. ). Figure 13 shows some of these
bacteria in the investigated SBRs. The favorable conditions
which encourage the growth of these ﬁlaments are different,

1992

Figure 9
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Elimination rates of BOD5, NH4-N and Ptot in SBR S during the conversion.

DIC-SBR provided oxygen until the concentration in the
water is 2 mg/L O2. Then the aeration stops until the concentration becomes <1 mg/L O2. This offers a suitable
environment for many of these bacteria to grow in these
plants. Kunst et al. (), Lemmer & Lind (), Jenkins
et al. () and Remde () mentioned that the optimization of the aeration in the plants can prevent the growth
of these bacteria.
Inﬂuence of the long cycle time
Figure 10

|

Floating sludge in plant S during the conversion (left) and in the laboratory
after 25 min of sedimentation (right).

but they still have the following connected factors (Kunst
et al. ; Lemmer & Lind ):

•
•
•

low oxygen concentration
low sludge load <0.2 kg BOD5/(kg TSS · d)
unsettled C:N:P ratio.

Figure 11

|

In the majority of the investigated DIC-SBRs the cycle time
is 8 h. In SBR O it is 12 h. Table 8 shows a comparison
between the occurrence of M. parvicella in plant O and
the other plants which use precipitants with iron content.
Plant O shows low frequency of M. parvicella and a lower
ﬁlament category.
Gabb et al. () showed that a long aeration phase
reduces the frequency of M. parvicella. The total sludge

Frequency of M. parvicella: (a) at the beginning of the conversion (frequency ¼ 3); (b) at the end of the conversion (frequency ¼ 5).
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Figure 12

Table 7
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Comparison between DIC-SBR plants with low loads and phosphorus elimin-

Sludge load (kg

Frequency of

Plant

BOD5/(kg TSS · d))

Precipitant

M. parvicella

PE

C

<0.05

–

2–3

3,000

D

<0.05

–

2

4,500

P

<0.05

NaAl(OH)4

2–3

5,000–10,000

R

<0.05

NaAl(OH)4

3–4

16,000

NaAl(OH)4

4–5

22,500

a

<0.05

a

During the conversion.

Figure 13

|
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Development of the frequency of M. parvicella during the conversion in plant S.

ation is biological or by using sodium aluminate

S

Water Science & Technology

age in the investigated SBRs is 25 d. In DIC-SBR with 8 h
cycle time the reactor should be aerated in the ﬁrst ﬁlling
for about 2.5 h and in the second ﬁlling for 1 h. This
means it is aerated for about 3.5 hours per cycle according
to the ammonium concentration. In this case the aerated
sludge age is about 11 d (44% of the total age). In DICSBR with 12 h cycle time the aeration time is more (aerated
sludge age is about 50% of the total age).
In the majority of the investigated SBRs in Germany
the reactor is aerated until the dissolved oxygen

Filamentous bacteria in different SBRs: (a) Haliscomenobacter hydrossis; (b) type 0041/0675 (original magniﬁcation, ×100); (c) type 0581; (d) type 0914 (Gram staining, ×1000).
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Table 8

|

Plant

Cycle
time (h)

|

Occurrence of Microthrix parvicella in SBRs

Comparison between the plants according to cycle time

SVI
(mL/g)

Precipitant

Filament
category

Frequency of
M. parvicella

A

8

96

FeCl3

2–3

2–3

B

8

74

FeCl3

2–3

3

H

8

72

FeClSO4

2–3

1–2

O

12

86

FeCl2

2

2
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quality, the ﬁlling with different C/N ratios can improve
the development of other ﬁlamentous bacteria such as
type 0041/0675, type 021 N and type 0581. This can be considered as a drawback for DIC-SBR. To prevent the growth
of these ﬁlaments, longer cycles of 8–12 h and longer aeration times are recommended.
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