
554

1. Introduction

Under low-concentration conditions, biological treatment experi-
ences problems with maintaining high concentrations of biomass. 
This problem can decrease the removal efficiency during continuous 
treatment. In particular, nitrifying bacteria, such as nitrosomonas 
and nitrobacter are more difficult to maintain because they are 
autotrophic bacteria. During bio-filtration, sufficient biofilm for-
mation requires a long contact time under low concentrations of 
influents. The concentration of ammonia nitrogen in waste-
water-treatment plants is low, such as 3 mg/L, but this amount 
can still cause problems in water-treatment plants and the 
environment. Low concentrations of ammonia nitrogen in natural 
aqueous environments can consume dissolved oxygen (DO), become 
toxic to organisms, and cause eutrophication. Such low concen-
trations of ammonia nitrogen are generally removed through cation 
exchange resin or zeolite adsorption [1, 2]. 

Zeolite has been widely used and studied for ammonia-nitrogen 
adsorption, showing high adsorption ability [3-6]. Zeolite has re-
markably selective cation-exchange ability with ammonium [3]. 
The ammonium-ion exchange of zeolite media can be represented 

by the following reaction (1) [4]:

  (Zeolite-Na+ or K+) + NH4
+ →  (Zeolite-NH4

+) + Na+ or K+(1)

In particular, low concentrations of ammonium can be removed 
easily by using zeolite [1, 2]. However, regeneration is necessary 
to use zeolite continuously over long periods [1, 7, 8]. Regeneration 
methods include chemical regeneration and biological regeneration. 
The chemical-regeneration method is generally used with sodium 
chloride (NaCl), but this method experiences problem with re-
generation during water treatment and regeneration of sodium chlor-
ide cause a problem for drinking water treatment [7]. The bio-
logical-regeneration method is mainly used in connection with 
chemical regeneration [8]. Ordinary regeneration methods are tem-
porally or spatially separated during adsorption.

During the treatment of low concentrations of ammonium, the 
zeolite and attached growth nitrifying biofilms can supplemented 
each other [9]. When ammonia-oxidation bacteria (AOB) attaches 
to zeolite media, the latter can be continually regenerated from 
the attached AOB, while the AOB can utilize adsorbed ammonium 
on the zeolite. Zeolite can concentrate ammonium from wastewater 
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onto the zeolite medium’s surface. Under low concentrations of 
ammonia nitrogen, zeolite media can assist the growth and main-
tenance of AOB populations. 

In this study, a biological aerated filter (BAF) that is filled with 
zeolite media is used to treat wastewater with low concentrations 
of ammonium. Previous studies on BAFs improved the efficiency 
of organic-matter removal and nitrification [10-19]. When zeolite 
media was used in BAFs, nitrification occurred at high-influent 
conditions and showed high efficiency. Qiu et al. [12] were compared 
nitrification properties of BAF filled with natural zeolite, ceramic 
and carbonate media, and zeolite media was shown more suitable 
nitrification performance. Ji et al. [13] operated multi-media bio-
logical aerated filter (MBAF) containing clinoptilolite and brick-type 
bioceramsite and confirmed the change of ammonia nitrogen re-
moval efficiency by hydraulic loading and influent ammonia nitro-
gen loading. Chang et al. [14] and Chang et al. [16] showed that 
zeolite biological aerated filters (ZBAF) have higher nitrification 
efficiency when treating textile wastewater. He et al. [14] and Feng 
et al. [17] reported that ZBAFs have more resistance than BAFs 
at lower water temperatures. Li et al. [18] reported that modified 
zeolite more beneficial to the specific immobilization of AOB than 
natural zeolite, nitrite nitrogen accumulating was observed. Yang 
et al. [19] enhanced the partial-nitrification efficiency through using 

ZBAFs. However, these previous studies were performed under 
normal or high influent concentrations. Therefore, low concen-
tration ammonium wastewater was influent into BAF filled with 
zeolite medium to confirm the nitrification efficiency.

2. Materials and Methods

2.1. Characteristic of Media

The comparison experiments were performed with ball-type zeolite 
and cylindrical-type EPP media. Each medium photo and scanning 
electron microscope (SEM) photo are shown in Fig. 1. The diameter 
of the ball-type zeolite media was 3~5 mm, and the EPP media 
was 5 mm in diameter and 5 mm in length. The chemical composition 
of the zeolite media is given in Table 1. The ball-type zeolite media 
consisted of natural zeolite powder and was ignited at 900℃. 

Each medium was packed with an identical volume of 1.6 L. 
The weights of the packed zeolite and EPP media were 1.2 kg 
and 0.4 kg, respectively. Prior to operation, each medium was 
aerated for 8 h with an activated sludge for microbe attachment. 
Activated sludge was used from return sludge from the municipal 
wastewater-treatment plant in Cheongju, Korea.

Zeolite media EPP media

Fig. 1. Zeolite and EPP media photo and SEM photo. SEM photo magnification of Zeolite media is 3,000 and EPP media is 100.
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2.2. Experimental Setup

The BAF’s volume was 1.6 L, and this filter used the down-
flow-filtration method (Fig. 2). This filter was a cylinder with a 
funnel bottom (total height of 30 cm, diameter of 9.5 cm, and 
funnel-bottom height of 12.5 cm). Aeration was supplied through 
a pipe at the bottom of the BAF, and treated wastewater flowed 
out with air through an inner pipe in the BAF. In the middle 
of the inner pipe, some of the air flowed through a hole to produce 
aeration. Influent air flow was 0.5 L min-1.

Experiment was conducted in two steps. First, the zeolite media 
was compared to an EPP media, which had no ammo-
nium-adsorption ability. Second, pond water with low ammonia-ni-
trogen concentration was treated through a ZBAF, and the removal 
efficiencies of ammonia nitrogen and another material were 
determined. To confirm phosphorus removal, the ZBAF was oper-
ated through mixed wastewater, which contained municipal waste-
water, as influent. 

The treatment time was determined from the empty-bed contact 
time (EBCT), and the EBCTs of the comparison experiment and 
pond-water treatment were 25 and 60 min, respectively. The influent 
wastewater used synthetic wastewater and pond water. The compar-
ison experiment was conducted by using synthetic wastewater. 
Synthetic wastewater was prepared from tap water with an ammo-
nia-nitrogen concentration of 3 mg L-1 by using ammonia sulfate 

Fig. 2. Schematic diagram of ZBAF for this study. The black dotted 
line represents the flow of air and the blue dotted line is wastewater 
flow.

Table 2. Characteristics of Pond Water and Pond Water Mixed Municipal 
Wastewater

Parameter Pond water
Pond water mixed with 
municipal wastewater

NH4
+-N, mg L-1 0.365 ± 0.388 3.543 ± 2.086

TCODCr, mg L-1 29.923 ± 10.323 6.973 ± 6.035

SCODCr, mg L-1 17.483 ± 4.940 4.982 ± 3.399

TP, mg L-1 0.190 ± 0.220 0.869 ± 0.742

OP, mg L-1 0.022 ± 0.052 0.203 ± 0.132

SS, mg L-1 38.475 ± 25.175 34.845 ± 73.180

VSS, mg L-1 27.950 ± 13.091 20.597 ± 55.043

((NH4)2SO4). Pond water was collected from Chungbuk National 
University in Cheongju, Korea. To increase the ammonia-nitrogen 
concentration, 10% (V/V) of the municipal wastewater from the 
Cheongju municipal wastewater-treatment plant was mixed with the 
pond water. The concentration of wastewater is presented in Table 
2. When only pond water was influent, the average concentration 
of NH4

+-N, total chemical-oxygen demand (TCODCr), soluble chem-
ical-oxygen demand (SCODCr), total phosphorus (TP), orthophosphate 
(OP), suspended solids (SS), and volatile suspended solids (VSS) 
were 0.365 ± 0.388 mg L-1, 29.923 ± 10.323 mg L-1, 17.483 ± 4.940 
mg L-1, 0.190 ± 0.220 mg L-1, 0.022 ± 0.052 mg L-1, 38.475 ± 25.175 
mg L-1, and 27.950 ± 13.091 mg L-1, respectively. When the pond 
water that was mixed with municipal wastewater was influent, the 
average concentrations of NH4

+-N, TCODCr, SCODCr, TP, OP, SS, 
and VSS were 3.543 ± 2.086 mg L-1, 6.973 ± 6.035 mg L-1, 4.982 
± 3.399 mg L-1, 0.869 ± 0.742 mg L-1, 0.203 ± 0.132 mg L-1, 34.845 
± 73.180 mg L-1, and 20.597 ± 55.043 mg L-1, respectively.

2.3. Analytical Procedures

Chemical analyses were performed according to the procedures 
in the Standard Methods and HACH manuals. The samples were 
analyzed for TCODCr and SCODCr (closed reflux, colorimetric meth-
od 5220 D), OP (ascorbic acid method 4500-P E), NO2

--N 
(colorimetric method 4500-NO2

- B), and NO3
--N (ultraviolet spec-

trophotometric screening method 4500-NO3
- B) from the Standard 

Methods. NH4-N (Nessler method) and T-P (PhosVer3 with the 
acid persulfate-digestion method) were determined from the HACH 
manuals. The water temperature and pH were measured by using 
a pH meter (Orion 4 Star pH·ISE Benchtop, Thermo Scientific).

3. Results and Discussion

3.1. Low-Concentration Ammonia-nitrogen Removal

The ammonia-nitrogen-removal efficiency of the ZBAF and BAF 
is shown in Fig. 3. Each reactor was operated with an EBCT of 

Table 1. Chemical Composition of Zeolite Media (%)

SiO2 Al2O3 Fe3O3 CaO MgO K2O NaO

67.1 17.6 2.93 3.29 1.78 3.06 3.02



Environmental Engineering Research 25(4) 554-560

557

25 min and the average influent ammonia-nitrogen concentration 
was 2.978 ± 0.316 mg L-1. Under these conditions, the average 
ammonia-nitrogen-removal efficiency of the ZBAF and BAF was 
63.38 ± 4.08 % and 3.79 ± 3.13 %, respectively. The ammonia-nitro-
gen-removal efficiency of the ZBAF was maintained even when 
the influent concentration was below 3 mg L-1. The nitrate nitrogen 
concentration of effluent was also confirmed only in the ZBAF, 
and the average concentration was 1.746 ± 0.335 mg L-1. Nitrification 
did not occur in the BAF that was filled with an EPP medium, 
even though activated sludge was added twice.

The zeolite medium showed significant differences in ni-
trification efficiency compared to the EPP medium. This perform-
ance showed that nitrification could only be maintained in the 
zeolite medium at low concentrations of ammonia-nitrogen 
influent. In particular, the zeolite did not need an adaptation 
period for nitrification, and nitrification reactions could be di-
rectly observed. The zeolite could concentrate ammonia nitrogen 
from water onto the zeolite medium’s surface because zeolite 
has cation-exchange ability [3, 4]. This performance could assist 
and maintain AOB growth at low influent concentrations. At 
the same time, zeolite media are regenerated by nitrifiers as 
ammonia nitrogen is converted into nitrite and nitrate nitrogen. 
The nitrite or nitrate nitrogen is desorbed from the zeolite and 
sodium is located again. This reaction can be represented by 
Eq. (2) and (3):

Ion exchange: (Zeolite-Na+) + NH4
+ →

(Zeolite-NH4
+) + Na+ (2)

Regeneration (nitrification): (Zeolite-NH4
+) →

(Zeolite-Na+) + NO2
- → (Zeolite-Na+) + NO3 (3)

In previous studies, zeolite enhanced nitrification efficiency 
when applied to high-concentration wastewater [14, 15]. However, 
in this experiment, the zeolite media showed superior ability at 
low concentrations and more greatly affected nitrification 
efficiency. Thus, zeolite media can selectively grow and maintain 
AOB.

Fig. 3. Sum of nitrogen type comparison ZBAF and BAF during operation 
time.

3.2. Pond-water Ammonia-nitrogen Removal for the ZBAF 
and the Water-temperature Effect

In this experiment, the ZBAF was operated with an EBCT of 60 
min. The influent pond-water ammonia-nitrogen concentration was 
0.025 – 1.576 mg L-1, almost always remaining below 0.5 mg L-1 

(Fig. 4(a)). When municipal wastewater was mixed with pond water, 
the ammonia-nitrogen concentration was higher. The average re-
moval efficiency during the entire operation time was 64.56%; 
however, the average removal efficiency of only pond-water influent 
was 56.44%, showing a higher standard deviation than the 
mixed-wastewater influent. The removal efficiency was irregular 
at low concentrations, such as influent concentrations under 0.5 
mg L-1; however, the amount of ammonia nitrogen that was removed 
remained constant compared to the influent ammonia-nitrogen con-
centration (Fig. 4(b)). The removed ammonia-nitrogen trend was 
linear. Regardless of the low and high concentrations, the treatment 
trend was almost constant. Zeolite media can adsorb ammonia 
nitrogen consistently and continuously through the regeneration 
of attached AOB [8, 16].

a

b

Fig. 4. (a) Ammonia nitrogen removal efficiency according to influent 
concentration, and (b) Removed ammonia nitrogen concentration 
according to influent concentration. When the pond water was 
influent, water temperature range was 4.7 to 20℃. When the 
mixed wastewater was influent, water temperature range was 
5.6 to 16.1℃.
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The ammonia-nitrogen removal’s correlation to the water temper-
ature was not significant (Fig. 4(b)). The removal efficiency was 
slightly higher even at lower temperatures. Generally, nitrification 
is critically affected by water-temperature changes. Many re-
searchers used and studied biofilm technology, such as moving 
bed biofilm reactors (MBBR) or BAFs, to solve nitrification problems 
at low temperature [15, 20, 21]. When the water temperature de-
creases, the ammonia-nitrogen-removal efficiency greatly decreases 
and only gradually recovers after a long period of adaptation to 
low temperatures [15]. However, in this study, the ZBAF was not 
affected by low water temperature; this performance coincides with 
that from another study [15]. Nitrification occurred even when 
the water temperature was below 10℃. When the water temperature 
suddenly decreased to 4.7℃, the ammonia-nitrogen-removal effi-
ciency remained 79%. The ZBAF maintained high nitrification 
efficiency even under low water temperatures and sudden temper-
ature decreases. Thus, ZBAFs are applicable in Northern 

Hemispheric countries with cold or seasonal climates, such as 
Korea. ZBAFs can be an alternative to solve this problem because 
of its stable treatment efficiency regardless of temperature changes.

3.3. Organic Matter and Phosphorous-Removal Efficiency

Differently from the ammonia-nitrogen treatment, the COD and 
phosphorus-removal efficiency were low during the entire operation 
period with the ZBAF. The average removal efficiency of TCOD, 
SCOD, TP, and OP was 12.64%, 5.18%, 4.98%, and 1.38%, 
respectively. 

The influent COD concentration was also low, and the average 
concentrations of influent TCOD and SCOD were 29.92 mg L-1 

and 17.45 mg L-1, respectively. Unlike the ammonia-nitrogen treat-
ment, the influent and effluent COD concentrations were similar; 
the COD barely changed during the operation period (Fig. 5). 
Generally, pond water contains natural organic matter (NOM), 
which is known to be a non-degradable organic substance [22]. 

a b

Fig. 5. Concentration of effluent COD according to influent COD concentration.

a b

 

Fig. 6. Concentration of effluent phosphorus according to influent phosphorus concentration.
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NOM is difficult to remove through only biological treatment meth-
ods, so physical and chemical treatment methods are often used 
together [22]. When mixed wastewater, which contained municipal 
wastewater, was influent, the removal efficiency was not enhanced. 
During this period, the average concentrations of influent TCOD 
and SCOD were much lower, around 6.973 and 4.332 mg L-1. 
Contrary to the treatment of low concentrations of ammonia nitro-
gen, the treatment efficiency of low concentrations of organic matter 
was not high.

The effluent-phosphorus concentration is shown in Fig. 6 and 
was similar to COD removal. In fact, the removal of phosphorus 
was rarely achieved in this study. Phosphorus removal in at-
tached-growth methods and biofilm technology such as BAFs is 
difficult because of the treatment mechanism of phosphorus. Many 
studies suggested the use of coagulants for phosphorus removal 
[23-25]. This study also considered that the additional use of coagu-
lants is necessary to remove phosphorus in ZBAFs. 

4. Conclusions

The ZBAF maintained its ammonia-nitrogen-treatment efficiency 
under lower concentrations. The effect of the water temperature 
was very small, so this filter can be applied even during winter. 
ZBAFs can be applied wherever low concentrations of ammonia 
nitrogen are present and can be complemented by ammonia-nitro-
gen treatment in wastewater-treatment plants or aquaculture waste-
water treatment.

1) When a low concentration ammonia nitrogen synthetic waste-
water was influent, only zeolite media occurred nitrification. The 
average ammonia nitrogen removal efficiency of ZBAF was 63.38%.

2) Pond water which contains low concentration ammonia nitro-
gen was shown similar treatment trend. Especially, ZBAF was main-
tained a high treatment efficiency of 79% even at 4.7℃.

3) On the other hand, the COD and phosphorus-removal effi-
ciency were very low. At low concentrations, the ZBAF showed 
remarkable performance with ammonia treatment but little perform-
ance with COD and phosphorus removal.
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