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Abstract

Natural zeolite and expanded clay were used as filter media for biological aerated filter (BAF) to treat municipal wastewater in parallel in
whole three test stages. The stage one test results revealed that zeolite BAF and expanded clay BAF have COD and NH3-N removals in the
range of 84.63-93.11%, 85.74-96.26%, 82.34-93.71%, and 85.06-93.2%, respectively, under the conditions of water temperature of 20-25°C
and hydraulic load of 2-3 m3/(m? h). At the following stage two, the influent NH;-N concentration was increased to about double value of the stage
one, and it was investigated that the effluent NH;3-N of expanded clay BAF increased significantly and then gradually restored to normal condition
in 2 weeks, while the effluent NH;-N of zeolite BAF kept stable. At stage three, the low reactor temperature has also different effects on these
two BAFs, under conditions of water temperature of 7-10°C, hydraulic load of 2-3 m*/(m? h), zeolite BAF and expanded clay BAF have COD
and NH3-N removals in the range of 74.5-88.47% (average of 81.57%), 71.73-88.49% (average of 81.06%), 71.91-87.76% (average of 80.49%),
and 38.41-77.17% (average of 65.42%), respectively. Three stages test results indicated that the zeolite BAF has a stronger adaptability to NH3;-N
shock load and low temperature compared to expanded clay BAF. In addition, the detection of the amounts of heterobacteria and nitrobacteria of
two biological aerated filters in three stages also showed the zeolite filter media was more suitable to the attached growth of nitrobacteria, which
is helpful to the improvement of nitrification performance in zeolite BAF.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Biological aerated filter (BAF) is flexible reactor, which
provides a small footprint process option at various stages of
wastewater treatment. BAF contains a granular media that pro-
vides a large surface area per unit volume for biofilm devel-
opment. The media also allows the reactors to act as deep,
submerged filters and incorporate suspended solids removal.
As a fixed-film process, optimal conditions for the relevant
micro-organisms can be maintained independently of hydraulic
retention times. The process has therefore achieved high lev-
els of nitrification, denitrification and phosphate uptake [1].
The selection of a suitable BAF media is critical in the design
and operation of the process, to enable the required effluent
standards to be reached. Superior substrate removal has been
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shown by BAF containing mineral media, such as expanded
clay, compared to those using sand or plastic media with similar
dimensions [2]. The selection of a suitable BAF media is critical
in the design and operation of the process, to enable the required
effluent standards to be reached. Superior substrate removal has
been shown by BAF containing mineral media, such as expanded
clay, compared to those using sand or plastic media with simi-
lar dimensions [2]. The size of a BAF medium also has a strong
influence on process performance. Consequently, different sized
media have been recommended for different applications [3]. A
medium larger than 6 mm may be preferable for a roughing stage
BAF prior to full secondary treatment. Meanwhile, it has been
suggested that a tertiary treatment BAF should use a medium
smaller than 3 mm. The intermediate size range of 3—-6 mm has
been designated suitable for secondary treatment BAFs.
Natural zeolite is a potential filter media for BAF. It is a non-
metallic mineral with the characteristics of high porosity and
large specific surface area. In addition, it is one ion exchanger
with a high affinity for ammonium ion [4,5], which is reported
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Table 1

Characteristics of the zeolite

Size range (mm) 3-5
Density (kg/m?) 2316

Bulk density (kg/m?®) 1015
Porosity (%) 43.83
Specific surface area (m?/g) 6.84
Silicon/aluminum ratio 4.1-5.7

to have a classical aluminosilicate cage like structure and there-
fore exhibits significant macroporosity [6]. Earlier studies have
shown that clinoptilolite, and certain other natural zeolites can be
effective in removing ammonia from wastewater [6—8], and has
been used to enhance the nitrification of biofilter and equalize
the ammonia peaks from secondary effluent [9-11]. However, it
has not been found the reports on removing organic pollutants
and ammonium nitrogen simultaneously from raw wastewater
under the conditions of low temperature and ammonium shock
load by using zeolite as filter media.

This paper reports the application of BAF for munici-
pal wastewater treatment using natural zeolite as media. The
wastewater from a municipal wastewater treatment plant was
fed to upflow biofilters and the performance of biofilters with
natural zeolite and expanded clay media under the conditions of
low temperature and ammonium shock load was observed. For
expanded clay is a common and superior filter media for BAF,
and the aim of the study was to compare the efficiencies of these
two media in removing organic pollutants and ammonium nitro-
gen simultaneously from raw wastewater under the conditions
of low temperature and ammonium shock load.

2. Materials and methods
2.1. Reactor description

The test BAF was made of acrylic. The reactor diameter was
0.15 m and the height 2.5 m with an effective volume of 31.8 L.
The air was introduced into the reactor with a micro-bubble air
diffuser and the air flow rate was controlled with an air flow-
meter. Under normal conditions, the air flow rate was set at
3.5 L/min. There were all two BAFs, of which one was run as
control reactor packed with expanded clay and the other with
zeolite media as test reactor. At the bottom of the filter, a gravel
layer with height of 0.3 m was laid to support the filter media,
and the heights of both filter media layers were 1.7 m. The natu-
ral zeolite was obtained from Jinyun, Zhejiang province, and its
characteristics are shown in Table 1. Zeolite has a mean diam-
eter of 3-5 mm which is similar to that of expanded clay used
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Fig. 1. Schematic of the BAF system: (1) BAF reactor; (2) air blower; (3) raw
wastewater tank; (4) effluent storage tank (backwashing water tank); (5) influent
pump; (6) backwashing pump; (7) thermostat.

in control BAF, and the characteristics of expanded clay are
shown in Table 2. The diameter of the column was nearly 50
times of that of the filter media to limit the wall effect [12].
The raw wastewater was pumped into two BAFs with influent
pumps and flowed upward through the filter media layer, and
the effluent was collected in a storage tank to provide backwash
water. The BAFs were backwashed every 48 h. The backwash
sequence included air scour (4 min), followed by combined air
scour and water backwash (5 min). The water and air backwash
application rate were set at 10 L/min and 12 L/min, respectively.
The temperatures of the mixed liquid in two BAFs were both
controlled with thermostats. A schematic of the experimental
system is shown in Fig. 1.

2.2. Experimental raw wastewater

The test wastewater was collected from the outlet of grit tank
in Shanghai Minhang wastewater treatment plant, and its char-
acteristics are summarized in Table 3.

2.3. Operating conditions

The whole test was divided into three stages. During each
test stage, the operating conditions of two BAFs are identical
and summarized as follows:

Table 3

The characteristics of the test wastewater
Table 2
Characteristics of the expanded clay Parameter Range Mean
Size range (mm) 3-5 pH 6.5-7.9 7.5
Density (kg/m?) 2260 SS (mg/L) 121-211 175
Bulk density (kg/m?) 975 COD (mg/L) 188-422 307
Porosity (%) 45.27 NH3-N (mg/L) 22.3-41.6 29.8
Specific surface area (m?/g) 4.57 TN (mg/L) 32.7-66.5 52.2
Content of silicon dioxide (%) 65.33 TP (mg/L) 2.1-5.2 32
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Fig. 2. Influent and effluent COD in zeolite BAF at the reactor temperature of
20-25°C.

e Stage one (120 days). The temperature of mixed liquid was
controlled at 20-25°C, DO 1.5-2.0mg/L, hydraulic load
2-3m3/(m? h), HRT 0.95-1.43 h.

e Stage two (90 days). The temperature of mixed liquid was
controlled at 20-25°C, DO 1.5-2.0mg/L, hydraulic load
2-3m3/(m?h), HRT 0.95-1.43h, and a certain quantity of
NHyCl solution was added into raw wastewater and make the
ammonium nitrogen in influent doubled.

e Stage three (90 days). The temperature of mixed liquor
was controlled at 7-10 °C, DO 1.5-2.0 mg/L, hydraulic load
2-3m?/(m?h), HRT 0.95-1.43 h.

2.4. Analytical methods

The chemical oxygen demand (COD) and ammonium nitro-
gen (NH4*-N) were analyzed according to standard methods
[13]. Additionally, the temperature, dissolved oxygen (DO) and
pH were routinely monitored during the experimental period.

2.4.1. Counting of nitrifying bacterial population

Samples of media covered with biomass were collected at the
middle section of the biofilters. A membrane filter method was
used to count viable heterotrophic and nitrifying bacteria. To
count heterotrophic bacteria, albumin agar medium was used.
For nitrifying bacteria, Nitrobacteria, a medium containing the
nitrite ion was used. These media and details of viable cell count-
ing are described in literature [14].

3. Results and discussion
3.1. Start-up of BAF's

Seed sludge was inoculated from Shanghai Minhang wastew-
ater treatment plant. The two BAFs operated under the condi-
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Fig. 3. Influent and effluent COD in expanded clay BAF at the reactor temper-
ature of 20-25 °C.
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Fig. 4. Influent and effluent NH3-N in zeolite BAF at the reactor temperature of
20-25°C.

tions of stage one, and were backwashed once every 24 h, then
reached steady state after 4 weeks’ operation.

3.2. The influence of ammonium shock load on
performances of two BAFs

The COD and NH3-N of influent and effluent in two BAFs
during stage one and two are presented in Figs. 2-5.

During the stage one of 120 days, two BAFs showed excellent
removals for COD and NH3-N. It was found that the COD in
effluent of expanded clay BAF was in the range of 20—41 mg/L,
and COD removal varied from 82.34% to 93.71% (average of
90.28%). As to zeolite BAF, there has a COD removal range
of 82.34-93.71% (average of 89.86%) and effluent COD was
in the range of 22-38 mg/L. For the removal of NH3-N, it was
investigated that the zeolite BAF has a slightly higher removal
efficiency compared to the expanded clay BAF, the effluent NH3-
N was in the range of 1.3-3.3 mg/L (average removal of 89.27%)
while the expanded clay BAF was in the range of 2.0-3.5 mg/L
(average removal of 92.87%).

During the following stage two of 90 days, a certain quan-
tity of NH4Cl solution was added into the raw wastewater tank
to make the influent ammonium nitrogen about doubled, and to
investigate the effect of ammonium nitrogen shock load on the
performances of two BAFs. At this stage, it was found that the
NH3-N shock load has no disadvantageous influence on COD
removals of two BAFs, and the COD removals of zeolite BAF
and expanded clay BAF were in the range of 87.98-92.95% and
87.09-93.84%, respectively. Whereas, there has a certain differ-
ence in NH3-N removal for these two BAFs, zeolite BAF showed
a strong adaptability to this shock load and the effluent NH3-N
kept almost stable in the range of 1.3-5.3 mg/L. However, a
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Fig. 5. Influent and effluent NH3-N in expanded clay BAF at the reactor tem-
perature of 20-25°C.
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Fig. 6. Influent and effluent COD in zeolite BAF at the reactor temperature of
7-10°C.

—A—influent —QO—-effluent —é— removal

90
o~ e
g 85 3\/
g 50 E
XA >
9 2
o 75

70

96

The day of operation

Fig. 7. Influent and effluent COD in expanded clay BAF at the reactor temper-
ature of 7-10°C.

high level NH3-N of above 20 mg/L was observed in expanded
clay BAF effluent and was gradually restored to normal level
(2.6-6.4mg/L) in 2 weeks. Through this test, it was showed that
the adsorption of zeolite for NH3-N is helpful to resist the NH3-
N shock load, which is similar to the result obtained in a zeolite
added membrane bioreactor system [15].

3.3. The influence of low temperature on performances of
two BAFs

At the stage three, the temperature of two BAFs was con-
trolled at 7-10 °C to investigate the influence of low temperature
on the performance of two BAFs, and the operational results are
shown in Figs. 6-9.

According to operation result, a disadvantageous influence
on COD and NH3-N removal was found due to the low tem-
perature, the COD removals for zeolite BAF and expanded clay
BAF were decreased to the range of 74.5-88.47% (average of
81.57%) and 71.91-87.76% (average of 80.49%), respectively.
Compare to COD removal, low temperature showed a more
adverse influence on NH3-N removal. At the initial of stage
three, the effluent of expanded clay BAF has a NH3-N concen-
tration of about 20 mg/L (18.7-21.3 mg/L) and then kept stable at
around 10 mg/L (6.8—11.5 mg/L)in 30 days, and the removal was
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Fig. 8. Influent and effluent NH3-N in zeolite BAF at the reactor temperature of
7-10°C.
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Fig. 9. Influent and effluent NH3-N in expanded clay BAF at the reactor tem-
perature of 7-10°C.

in the range of 38.41-77.17% (average of 65.42%). For zeolite
BAF, due to the combined effect of nitrification and adsorption
of NH3-N by zeolite [16], a low level of NH3-N (4.3-8.5 mg/L)
was observed in effluent during this period of 90 days, and
the removal was in the range of 71.73-88.49% (average of
81.06%).

3.4. The detection of microorganism of two BAF's at three
stages

Atthe whole three test stages, samples for viable cell counting
of heterotrophic and nitrifying bacteria were taken at the same
positions of the biofilter (1.0 m distance from the bottom). The
results of cell counting are shown in Table 4.

It was found that there was no significant difference of het-
erotrophic bacteria amount in these two BAFs, whereas, a more
distinct difference of nitrobacteria amount was observed, which
showed the zeolite surface is more adaptive to the growth of
nitrobacteria and more nitrobacteria was concentrated on the
zeolite surface and thus enhance the nitrification ability of zeo-
lite BAF, and the result was in line with the former research
report [17]. In addition, a larger amount of nitrobacteria was
detected in stage three than in stage one, whereas, a better nitri-
fication performance was found in stage one than in stage three,

Table 4
The amounts of heterobacteria and nitrobacteria in two BAFs
Sample Zeolite BAF Expanded clay BAF
Heterobacteria (CFU/mL) Nitrobacteria (CFU/mL) Heterobacteria (CFU/mL) Nitrobacteria (CFU/mL)
Stage one (day 80) 1.8 x 10° 3.4 %108 2.1 x 10° 2.1x 108
Stage two (day 180) 2.3 % 10° 8.7 x 108 2.7 x 10° 4.8 x 108
Stage three (day 60) 0.9 x 10° 5.5x 108 1.2x10° 3.5x 108
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which substantiated the low temperature has an obvious disad-
vantageous effect on the activity of nitrobacteria.

4. Conclusions

Zeolite BAF and expanded clay BAF were used in parallel
to treat municipal wastewater, and the results obtained are as
follows:

(1) Zeolite BAF and expanded clay BAF have COD and NH3-
N removals in the range of 84.63-93.11%, 85.74-96.26%,
82.34-93.71%, 85.06-93.2%, respectively, under the condi-
tions of temperature 20-25 °C, DO 1.5-2.0 mg/L, hydraulic
load 2-3 m3/(m? h), HRT 0.95-1.43 h.

(2) The operation performance of zeolite BAF was not influ-
enced by the NH3-N shock load, while a disadvantageous
effect on NH3-N removal was observed on expanded clay
BAF and was restored to normal condition in 2 weeks.

(3) Low temperature (7-10 °C) showed a more significant influ-
ence on NH3-N removal than COD removal for both zeolite
BAF and expanded BAF. Stage three test results proved that
the zeolite BAF has a stronger adaptability to low tempera-
ture for NH3-N removal compared to expanded clay BAF.

(4) The detection of the amounts of heterobacteria and nitrobac-
teria in two BAFs in three stages indicated that a more
favorable environment for nitrifying bacteria was provided
in the biofilter with natural zeolite due to its ion exchange
capacity, and therefore enhanced the ability of nitrification
and resistance to the NH3-N shock load.
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