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a b s t r a c t

An up-flow biological aerated filter packed with two layers media was employed for tertiary treatment
of textile wastewater secondary effluent. Under steady state conditions, good performance of the reactor
was achieved and the average COD, NH4

+–N and total nitrogen (TN) in the effluent were 31, 2 and 8 mg/L,
respectively. For a fixed dissolved oxygen (DO) concentration, an increase of hydraulic loading resulted

3 2
eywords:
ombined media biological aerated filter
extile wastewater
ydraulic loading

in a decrease in substrate removal. With the increase of hydraulic loadings from 0.13 to 0.78 m /(m h),
the removal efficiencies of COD, NH4

+–N and TN all decreased, which dropped from 52 to 38%, from 90 to
68% and from 45 to 33%, respectively. In addition, the results also confirmed that the increase of COD and
NH4

+–N removal efficiencies resulted from the increase of DO concentrations, but this variation trend was
not observed for TN removal. With the increase of DO concentrations from 2.4 to 6.1 mg/L, the removal
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efficiencies of COD and NH
39 to 42% and then dropp

. Introduction

Water resources shortage and environmental pollution are seri-
us problems in China. In 2004, wastewater discharge amounts in
extile industry were 1.5 billion tons, which accounted for 6.83% of
he total discharge amounts of all industrial wastewater [1]. One of
he major ways to resolve these problems is industrial and munic-
pal wastewater reuse. However, wastewater reuse ratio in textile
ndustry is less than 10%, which is the lowest in all industries [1].
hus, how to save water resources and improve wastewater reuse
uality is an important and necessary task for textile industry devel-
pment.

Biological aerated filter (BAF) represents an attached growth
rocess on media which are stationary during normal operation
ith aeration [2]. The media allow reactors to act as deep, sub-
erged filters and incorporate suspended solids removal. As a

xed-film process, optimal conditions for the relevant microor-
anisms can be maintained independently of hydraulic retention

imes, and therefore the process has achieved high levels of nitrifi-
ation, denitrification and phosphate uptake [3]. Thus, dissolved
xygen (DO) concentration has an important influence on BAF
erformance. DO in BAF plays a crucial role in nitrification and
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were 39–53% and 64–88%, whenas TN removal efficiencies increased from
35%.

© 2008 Elsevier B.V. All rights reserved.

as negative influence on biological denitrification. DO can inhibit
enitrification because oxygen functions as the electron accep-
or for microorganisms over nitrate and aerobic conditions repress
nzymes involved in denitrification [4]. Although high DO concen-
ration is necessary to enhance nitrifying bacteria activity in the
iofilm reactor, denitrification is inhibited by oxygen [5,6]. Accu-
ulated nitrite also inhibits the denitrification process, reducing

he effluent quality from wastewater treatment plant. Therefore,
O and nitrite are limiting factors in the denitrification process.
oreover, key factors that influence biofilm growth within BAF also

ave the start-up method, nutrient concentrations in wastewater,
owrate and the backwashing regime [7].

When BAF is applied to industrial wastewater treatment, media
election plays an important role in maintaining a high amount of
ctive biomass and a variety of microbial populations. The size of
BAF medium has a strong influence on process performance and
ifferent sized media have been recommended for different appli-
ations [8]. A medium larger than 6 mm may be preferable for a
oughing stage BAF prior to full secondary treatment. Meanwhile,
t has been suggested that a tertiary treatment BAF should use a

edium smaller than 3 mm. The intermediate size range of 3–6 mm

as been designated suitable for secondary treatment BAF. The
ost frequently applied media includes natural zeolite, expanded

lay, puzzolane particle, clayey schist, polypropylene, and so on.
owever, in previous studies only one of them was acted as the
edia used in BAF for research [9–13]. Osorio and Hontoria [14]

http://www.sciencedirect.com/science/journal/03043894
mailto:liufangfw@163.com
mailto:liufangfw@hdpu.edu.cn
dx.doi.org/10.1016/j.jhazmat.2008.02.100
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Table 1
Characteristics of ceramsite and GAC

Media Size range (mm) Density (kg/m3) Specific surface area (m2/g)
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elected different relative densities of plastic material and ceramic
aterial as media to form the submerged bed in BAF. In previous
orks, few investigations have been done on removal organic pol-

utants and nitrogen simultaneously from textile wastewater with
wo kinds of media with near densities packed in BAF.

Granular activated carbon (GAC) has some advantages over
ther media in supplying microbe abundant inhabitation sur-
ace area and possessing strong adsorption capacity [15], however
hich is less economically viable as an only adsorbent due to the

ostly activation and regeneration. In addition, GAC is easier sat-
rated when it is used for organic wastewater treatment [16], so
ome methods must be adopted to lighten the treatment loadings
or GAC application. Ceramsite is a potential filter media for BAF. It
s a non-metallic mineral with the characteristics of high porosity
nd large specific surface area, which is similar to GAC characteris-
ics [17]. On the other hand, the low-cost is also one of important
dvantages of ceramsite application. In the combined media bio-
ogical aerated filter (CMBAF), the ceramsite layer first filtrates and
egrades organic matters, which can lighten the treatment load-

ngs of GAC layer. The GAC layer adsorbs non-degradable organic
atters and ensures that the effluent quality can satisfy the reuse

emand. Moreover, in comparison with BAF packed with GAC, the
ost of CMBAF is much lower. Thus, this paper focuses on the fea-
ibility of removing carbon and nitrogen simultaneously in textile
astewater with ceramsite and GAC as media packed in BAF. The
erformance of CMBAF was assessed at steady state conditions. In
ddition, COD and nitrogen removal with the feasible operational
arameters, such as DO and hydraulic loading were also invest-

gated.

. Materials and methods

.1. Experimental setup

The overall experimental system consisted of two sets of treat-
ent units: A–O1–O2 secondary bio-treatment unit and CMBAF

ertiary treatment unit. The A–O1–O2 submerged biofilm system
onsisted of three reactors in series, named reactors A, O1 and O2,
ach of them was installed with fibre packing. In the anoxic stage
f the A–O1–O2 submerged biofilm system, non-biodegradable
rganic matters of high molecular weight were hydrolyzed into less
olecular weight organics and biodegradability of the stream was
mproved. After the aerobic degradation and sedimentation steps,
ffluent from secondary clarifier was introduced into feed tank as
he CMBAF influent.

Fig. 1 shows an aerobic, up-flow, submerged BAF reactor
mployed for this study. The cylindrical reactor made of poly-

(
f
w
r
p

ig. 1. Schematic diagram of the CMBAF. (1) Air compressor; (2) airflow meter; (3) sup
ndicator; (8) liquid flow meter; (9) backwash pump; (10) feed pump; (11) backwash tank
eramsite 2–3 740–790 3.99
AC 1–2 460–510 960

ethyl, had a volume of 15.7 L, a diameter of 0.1 m with a height of
m. The diameter of the reactor is nearly 50 times of filter media to

imit the wall effect [18]. The reactor was provided with five ports
ocated at heights of 20, 40, 60, 80 and 100 cm, respectively, allow-
ng for liquid sampling and for measuring the head losses during
lter operation. The BAF was packed with combined media of 1 m

n height, which were ceramsite of 0.5 m in height and granular
ctivated carbon of 0.5 m in height. The characteristics of ceram-
ite and GAC are listed in Table 1. The air was introduced into the
eactor with a micro-bubble air diffuser located on the downside
nlet and air flowrate was controlled with an air flow meter. One
ump drove the direct up flow of wastewater through the reactor
ith influent entering at the base and the treated effluent left near

he top.

.2. Wastewater characteristics

The feed water was textile wastewater treated by the secondary
io-treatment of A–O1–O2 submerged biofilm system. The charac-
eristics of feed wastewater are listed in Table 2.

.3. Operational conditions

The feed wastewater was introduced to the CMBAF with
metering pump and treated by multi-function of ceramsite

nd GAC adsorption, microbial degradation and mechanical fil-
ration. Hydraulic loadings were controlled in the range of
.13–0.78 m3/(m2 h). In order to investigate the influence of DO
oncentration on the CMBAF performance, 2.4–6.1 mg/L of DO con-
entrations were tested with hydraulic loading of 0.39 m3/(m2 h).
ackwashing was carried out to avoid filter clogging because of the
ccumulated SS and the excess biomass produced. The backwash-
ng procedure was initiated when limiting head loss had developed
0.8 m-H2O). The backwash procedure included air scour (4 min),

ollowed by combined air scour and water backwash (5 min). The
ater and air backwash application rate were set at 10 and 15 L/min,

espectively. All the experiments were carried out at ambient tem-
erature 20–22 ◦C.

port layer; (4) ceramsites layer; (5) GAC layer; (6) sampling port; (7) water level
; (12) feed tank.
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Table 2
Characteristics of the CMBAF influent
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is determined by the bulk liquid DO concentration, the diffusion
rate and the zero-order intrinsic removal rate of oxygen. In the aer-
obic layer, nitrate does not take part in any reactions and diffuses
through the biofilm inactively. In the deeper layer, it is utilized by
microorganisms for cell synthesis and growth.
tem COD BOD

nfluent range (mg/L) 25–121 5–21
verage (mg/L) 57 12

.4. Start-up

Three methods of start-up have been reported in previous
tudies. Firstly, start-up of continuous reactors, initially as batch
eactors followed by increasing flowrates [19]. Secondly, the use of
he process liquid at either the nominal process flowrate, which
as found to take 5 months [7] or increasing the flowrate from

n initial low value over a period of time [19]. Finally, start-up
ay be carried out by seeding with activated sludge with steady

tate reached after 1.5 months [20]. In this study, the CMBAF was
noculated with activated sludge coming from the A–O1–O2 sub-

erged biofilm system. Seeding with activated sludge required a
tart-up period of 15 d, including 5 d during which activated sludge
as recycled. This was less than 30 d described by Mann et al. [13].
ccording to Faup et al. [21], seeding with activated sludge pro-
uced high suspended biomass concentration which led to improve
stablishment of biomass within fixed-film reactors. Subsequently
ne benefit was manifested of a more rapid biofilm establishment
sing activated sludge and resulting in more rapid increase in COD
nd NH4

+–N removal efficiencies. After 15 d of the CMBAF inocu-
ated with activated sludge, about 40% of COD removal and 60% of
H4

+–N removal were achieved.

.5. Analytical methods

Samples were collected every day, refrigerated at 4 ◦C before
nalysis, except for pH measurement which was done after sam-
ling. Samples were analysed for COD, NH4

+–N, NO3
−–N, NO2

−–N
nd TN in accordance with the standard methods [22]. Other
arameters, such as pH and DO were measured with PHSJ-4A pH-
eter and TWT/330 oxymeter, respectively.

. Results and discussion

.1. CMBAF general performance

The CMBAF fed with the effluent from the A–O1–O2 submerged
iofilm system was performed for about 150 days. Fig. 2 illus-
rates concentration–time profiles of COD, NH4

+–N and TN. As was
xpected, the effluent quality from the CMBAF has satisfied the
tandard for domestic reuse in China. As for COD, the data in Fig. 2
a), have shown a good removal effect. COD in the influent and
ffluent were kept around 25–121 and 12–62 mg/L, respectively.
he average COD in the influent and effluent were 57 and 31 mg/L,
he average COD removal efficiency was 47%. This was higher than
0% described by Jeong et al. [23]. COD removal was attributed
o the multi-function of ceramsite and GAC adsorption, microbial
egradation and mechanical filtration.

The data in Fig. 2(b) show that ammonia removal was accom-
lished quite well through nitrification and microbial assimilation.
he variation range of NH4

+–N in the influent and effluent were
–12 and 0–4 mg/L, and the average NH4

+–N in the influent and
ffluent were 8 and 1 mg/L. Though autotrophic bacteria are easily
ut-competed by heterotrophic bacteria [24], nitrification effi-

iency in this study was still good and the average was 83%, which
pproached the result described by He et al. [9]. Fig. 2(b) also shows
hat TN varied from 10 to 19 mg/L in the influent and from 6 to
1 mg/L in the effluent. The average TN in the influent and efflu-
nt were 14 and 8 mg/L, and there was an overall reduction in

F
t
a
i
(

NH4
+–N TN SS pH

2–12 10–19 20–50 6.5–8.0
8 14 33 7.2

N of exceeding 40%. The mass balance would show overall loss
f nitrogen, which would logically be assumed to be ammonia
olatilization or through simultaneous nitrification–denitrification
n the biofilm. The former could be occurred rarely since the envi-
onment in the CMBAF (e.g. pH, an average of 7.3 in the effluent, and
ntensity of aeration) limited the possibility of ammonia volatiliza-
ion. There is evidence from this and other experimental studies
hat simultaneous nitrification–denitrification may have occurred
ithin the biofilm [25–27]. Denitrification process occurs in anoxic

onditions when there is enough organic matter to be used as an
lectron donor. Denitrification processes in BAF are limited by dif-
usion, mixing, biofilm thickness and availability of substrate. It
as suggested by Laursen et al. [25] that nitrate removal in BAF

ook place deeper into the biofilm, as long as organic material was
resent. The depth to which oxygen can penetrate into the biofilm
ig. 2. (a) COD concentration in the influent and effluent of the CMBAF (COD in
he influent (�); COD in the effluent (©); COD removal efficiency (�)) (b) NH4

+–N
nd TN concentration in the influent and effluent of the CMBAF (NH4

+–N in the
nfluent (�); NH4

+–N in the effluent (©); TN in the influent (�); TN in the effluent
♦); NH4

+–N removal efficiency (�); TN removal efficiency (*)).
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ig. 3. COD removal at different hydraulic loadings in the CMBAF (COD in the influent
�); COD in the effluent (©); COD removal efficiency (�)).

.2. COD removal

.2.1. Influence of hydraulic loading on COD removal
The CMBAF was operated at different hydraulic loadings of

.13–0.78 m3/(m2 h) as DO concentration in CMBAF was kept at
bout 4 mg/L. Fig. 3 shows the CMBAF performance for COD removal
t different hydraulic loadings. It is clearly manifested that an
ncrease of hydraulic loading results in a decrease in COD removal
or a fixed DO concentration. The average COD removal efficien-
ies were 52%, 49% and 38%, respectively, for hydraulic loadings
f 0.13, 0.39 and 0.78 m3/(m2 h). These observations confirmed
hat hydraulic loadings could affect COD removal in the following
ays: (1) increasing hydraulic loadings means shortening hydraulic

etention time (HRT), so organic substrates are not fully degraded
efore discharged from the CMBAF; (2) increasing hydraulic load-

ngs leads to stronger scour for media surfaces, which is also
esponsibly for the decrease of COD removal efficiencies.

Fig. 4 shows COD variation vs. the height of combined media bed
t different hydraulic loadings. C/C0 represented the ratio of COD
oncentration at each sampling port to that in the inlet. Fig. 4 clearly

ndicates that different hydraulic loadings result in the variation
f substrate removal ratio at each height in the CMBAF. With low
ydraulic loadings, i.e. 0.13, 0.19 and 0.39 m3/(m2 h), the substrate
emoval ratio was up to the maximum in the 40 cm of media bed
eight and then decreased with the increase of media bed height.

ig. 4. COD variation at different hydraulic loadings and height of combined media
0.13 m3/(m2 h)(�); 0.19 m3/(m2 h)(©); 0.39 m3/(m2 h)(�); 0.59 m3/(m2 h)(�);
.78 m3/(m2 h)(♦)).
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ig. 5. COD average removal efficiencies and removal loading rates at different
ydraulic loadings (average removal efficiency (�), average removal loading rate
©)).

ince organic loading is the highest at the filter inlet, which induces
acteria growth and the bioactivity attained the highest at the filter

nlet. Tian et al. [28] found that TTC–DHA bioactivities decreased as
he biofilter height increased, which indicated TTC–DHA activity
or attached biomass varied positively to the depth of the biofil-
er. Within the first 40 cm media height in the CMBAF, ceramsite
cted as the under-layer media. Organic substrates were captured
y the ceramsite layer and then degraded by microbes in this layer.
n the ceramsite layer, COD removal efficiencies of 44%, 41% and
3% have been achieved for low hydraulic loadings of 0.13, 0.19 and
.39 m3/(m2 h). Within the 60–100 cm media height in the CMBAF,
AC acted as the top-layer media and played an important role

n adsorbing non-degradable organic matters. As a result of most
rganic matters being captured and degraded by the ceramsite
ayer, so COD removal efficiencies in the GAC layer were lower than
hose in the ceramsite layer. In the 100 cm media height in CMBAF,
OD removal efficiencies of 56%, 51% and 45% were achieved for

ow hydraulic loadings of 0.13, 0.19 and 0.39 m3/(m2 h).
In the case of higher hydraulic loadings (0.59 and

.78 m3/(m2 h)), there was an ordinal increase in substrate
emoval ratio with the increase of media bed height. Higher
ydraulic loadings coincide with higher organic loadings, which
ay accelerate microbial development on the top of the CMBAF.

n addition, the increase of hydraulic loading may improve sub-
trate transfer into the biofilm [29] and remove internal diffusion
imitations by controlling the biofilm thickness [30].

Fig. 5 shows the relationship between the average COD removal
fficiency and average removal loading rate at different hydraulic
oadings. It clearly appeared that the average COD removal load-
ng rates increased from 3.59 to 15.19 mg/(L h), and adversely, the
verage COD removal efficiencies decreased from 52 to 39% in the
ase of hydraulic loadings varying from 0.13 to 0.78 m3/(m2 h).
herefore, in order to achieve good average removal efficiency and
verage removal loading rate simultaneously, a hydraulic loading
f 0.39 m3/(m2 h) was the better value, in which the flow rate was
L/h and HRT was 1 h.

.2.2. Influence of DO concentration on COD removal
The microbe bioactivity within the reactor was markedly influ-
nced by DO concentration [31], so that DO concentration variation
n the CMBAF resulted in COD removal variation indirectly. Fig. 6
hows the CMBAF performance for COD removal with hydraulic
oading of 0.39 m3/(m2 h) at different DO concentrations.
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bacteria for oxygen, substrates and inhabitation area. These two
aspects were all contributed to the decrease of TN removal effi-
ciencies.

Fig. 8 reflects the variation trend of the average removal load-
ing rates and average removal efficiencies of NH4

+–N and TN at
ig. 6. COD removal at different DO concentrations in the CMBAF (COD in the influ-
nt (�), COD in the effluent (©), COD removal efficiency (�)).

As seen from Fig. 6, different COD removal efficiencies were
bserved in the CMBAF when DO concentrations were increased.
he average COD removal efficiencies were 39%, 48%, 51% and 53%,
espectively, when DO concentrations were increased from 2.4 to
.1 mg/L. These results confirmed that for the steady organic load-

ng and hydraulic loading, microbe bioactivity could be enhanced,
hich represented as COD removal improved with the increase

f DO concentrations. On the other hand, diffusion function was
ccordingly strengthened with the increase of DO, which also con-
ributed for COD decrease in the effluent [32].

However, it should be noted that average COD removal efficien-
ies only increased 3% with DO concentration rising from 4.1 to
.2 mg/L, but the aeration intensity was enhanced 1.5 times. So,

n order to achieved good COD removal efficiency and power con-
umption simultaneously, the CMBAF should be operated with DO
oncentration of about 4 mg/L, under which average COD in the
ffluent was 33 mg/L.

.3. NH4
+–N and TN removal

.3.1. Influence of hydraulic loading on NH4
+–N and TN removal

The time course of NH4
+–N and TN concentrations at differ-

nt hydraulic loadings is shown in Fig. 7. DO concentration in the
MBAF was kept at 4 mg/L. For NH4

+–N removal, the data shown
n Fig. 7 indicated that the decrease of NH4

+–N removal efficien-
ies was due to the increase of hydraulic loadings. The average
H4

+–N removal efficiencies of 90%, 85% and 68% were obtained
or hydraulic loadings of 0.13, 0.39 and 0.78 m3/(m2 h), respec-
ively. These results were a consequence of competition between
eterotrophic bacteria and autotrophic bacteria. The increase of
ydraulic loading which resulted in a higher organic loading shifted
favor of heterotrophic bacteria against autotrophic bacteria con-

ribution. In the case of substrates enrichment, heterotrophic
acteria competed with autotrophic bacteria with substrates,
issolved oxygen and inhabitation area, and accordingly which

nhibited nitrification and resulted in the decrease of NH4
+–N

emoval efficiencies rapidly.
For TN removal, different efficiencies were observed from
ig. 7 when hydraulic loadings were increased from 0.13 to
.78 m3/(m2 h). With hydraulic loadings less than 0.39 m3/(m2 h),
he average TN removal efficiencies were higher than 40%. These
esults revealed that under low hydraulic loadings, ecological struc-
ure of the microbial system kept a dynamic balance at composition

F
a
a
r

ig. 7. Variation of NH4
+–N and TN at different hydraulic loadings in the CMBAF

NH4
+–N in the influent (�); NH4

+–N in the effluent (©); TN in the influent (�); TN
n the effluent (♦); NH4

+–N removal efficiency (�); TN removal efficiency (*)).

nd spatial distribution in the biofilm, and accordingly brought
n high TN removal efficiencies. However, TN removal efficiency
ropped to 33%with hydraulic loading up to 0.78 m3/(m2 h).

As mentioned above, the loss of nitrogen could be due to
imultaneous nitrification–denitrification (SND) in the biofilm. The
xistent grads of DO and substrate concentrations result in different
icroenvironments formation in biofilms, which makes simulta-

eous nitrification–denitrification taking place in the CMBAF. SND
s relevant to the amounts and activities of anaerobic microor-
anisms, thus SND is indirectly controlled by the thickness of
naerobic layers in biofilms. The increase of hydraulic loading led to
tronger scour for media surfaces, which weakened the thickness
f anaerobic layers. On the other hand, an increase of the hydraulic
oading resulted in a higher organic loading, which also provided
he feasibility of heterotrophic bacteria competing with autotrophic
ig. 8. NH4
+–N and TN average removal efficiencies and removal loading rates

t different hydraulic loadings (NH4
+–N average removal efficiency (�); TN aver-

ge removal efficiency (©); NH4
+–N average removal loading rate (�); TN average

emoval loading rate (�)).
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ig. 9. Variation of NH4
+–N and TN with different DO concentrations in the CMBAF

NH4
+–N in the influent (�); NH4

+–N in the effluent (©); TN in the influent (�); TN
n the effluent (♦); NH4

+–N removal efficiency (�); TN removal efficiency (*)).

ifferent hydraulic loadings. It appeared that there was positive cor-
elation between the average loading rates and hydraulic loadings,
ut negative correlation between the average removal efficiencies
nd hydraulic loadings. Based on the results, a hydraulic loading of
.39 m3/(m2 h) was the optimum, under which the better average
emoval efficiencies (85% for NH4

+–N and 43% for TN) and average
emoval loading rates (2.58 mg/(L h) for NH4

+–N and 2.17 mg/(L h)
or TN) could be achieved simultaneously.

.3.2. Influence of DO concentration on NH4
+-N and TN removal

Fig. 9 shows that NH4
+–N removal efficiencies increase as DO

oncentrations are improved. The average NH4
+–N removal effi-

iencies were 64%, 84%, 87% and 88%, respectively, in the case of
O concentrations rising from 2.4 to 6.1 mg/L. DO is one of the
ajor factors responsible for nitrification, therefore it is the lim-

ting factor of nitrification when DO in the system is lower than
hat needed by bio-reactions [33]. The physiological differences
etween autotrophic bacteria and heterotrophic bacteria in terms
f specific growth rates of up to 0.76 and 0.84 d−1 for ammonia and
itrite oxidizers, and 4.8 d−1 for heterotrophic bacteria have been
eported [11]. Autotrophic bacteria compete with heterotrophic
acteria for oxygen, substrates and inhabitation area within the
iofilm. Slow growing autotrophic bacteria exist in the inner part
f the biofilm, making nitrification difficult, which has been corrob-
rated by respirometric tests carried out by Lazarova and Manem
34]. Direct competition between aerobic heterotrophic bacteria
nd autotrophic bacteria is the main cause of the decrease in
itrifying activity [10]. DO concentrations strongly affected nitrifi-
ation, and consequently affected ammonia removal. On the other
and, the increase of DO concentration continuously will result

n the high power consumption and it is not useful for improving
mmonia removal efficiency when DO concentrations in the CMBAF
atisfy nitrification needs. This confirmed by that DO concentration
as increased from 4.1 to 6.1 mg/L, but the average NH4

+–N removal
fficiency only increased from 84 to 88%.

Fig. 9 also shows that TN removal efficiencies first increased and
hen decreased with DO concentrations increase. The average TN
emoval efficiencies were 39%, 42%, 40% and 35% when DO concen-

rations were increased from 2.4 to 6.1 mg/L. The results confirmed
hat TN removal was affected remarkably by DO concentrations in
he CMBAF. Denitrification produces less energy yield than oxygen
espiration. Therefore, a bacterial cell growing in aerobic condi-
aterials 160 (2008) 161–167

ions will choose to use oxygen as terminal electron acceptor [11].
n addition to this competitive effect, oxygen controls denitrifi-
ation at two levels: reversible inhibition of the activities of the
enitrification enzymes and regulation of gene expression [11].
esults showed that DO concentration of 4.1 mg/L was the feasible
alue, with which NH4

+–N and TN removal achieved good perfor-
ances simultaneously (84% for NH4

+–N removal and 42% for TN
emoval).

. Conclusion

An up-flow biological aerated filter packed with two layers
edia was employed for tertiary treatment of textile wastewater

econdary effluent in this study, and the results obtained are as
ollows:

1) Good performance of the reactor was achieved and the average
COD, NH4

+–N and TN in the effluent were 31, 2 and 8 mg/L,
which satisfies the standard for domestic reuse in China.

2) When DO concentration in the CMBAF was kept at about 4 mg/L,
the average COD removal efficiencies of 52%, 49% and 38%,
the average NH4

+–N removal efficiencies of 90%, 85% and 68%,
the average TN removal efficiencies of 45%, 43% and 33% have
obtained for hydraulic loadings of 0.13, 0.39 and 0.78 m3/(m2 h),
respectively. These results are a consequence of stronger scour
for media surfaces and competition between heterotrophic bac-
teria and autotrophic bacteria.

3) DO concentration in the CMBAF plays a crucial role in sub-
strate removal. The increase of DO concentrations resulted in
the increase of COD and NH4

+–N removal efficiencies, but this
variation trend is not observed for TN removal. As DO con-
centrations were increased from 2.4 to 6.1 mg/L, the removal
efficiencies of COD and NH4

+–N were 39–53% and 64–88%,
whenas TN removal efficiencies increased from 39 to 42% and
then dropped to 35%. The loss of nitrogen is due to simultaneous
nitrification–denitrification in the biofilm.
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