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Abstract - The feasibility of removing nitrogen from mature landfill leachate using the nitrite route was
investigated in a two-stage SBR system — (1° first stage, short-cut nitrification; second stage, denitrification
via nitrite. With a volumetric exchange rate (n) of 0.3 d” and an oxygen concentration of between 1.2 and 1.3 mg/L,
the nitrite accumulation ratio — (NO,-N)x100/(NO,-N)% — was between 32% and 37%. For the same
hydraulic retention time, but lower oxygen concentration — between 0.8 and 0.9 mg/L — nitrite accumulation
averaged 96%, indicating that ammonia was removed completely via the nitrite pathway. In the second step,
an external carbon source was added to promote denitrification. Complete removal of nitrite was obtained for
a carbon dose of 2.4 mg COD/mg NO,-N using acetic acid and 3.8 mg COD/mg NO,-N for butyric acid.
Also, a higher denitrification rate — 14.6 mg NO,-N/g VSS-h — was observed with butyric acid as compared

with acetic acid — 9.12 mg NO,-N/g VSS-h.
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INTRODUCTION

The treatment of municipal landfill leachate has
been considered to be very problematic because of
its chemical composition. It is highly wvariable,
heterogeneous, and depends on the type of waste
deposited and the age of the landfill. Moreover, the
leachate quality and quantity changes with time
within the same landfill. According to the literature,
apart from the organics and hazardous compounds,
leachate contains a high concentration of ammonia
nitrogen that could reach a few thousand milligrams
per liter (Timur and Ozturk, 1999; Kang et al., 2002;
Kurniawan et al., 2006).

The operational costs of the biological nitrogen
removal process mainly depend on the oxygen
concentration and organic matter requirements for
nitrification and denitrification, respectively. Therefore,
some technological strategies have been developed
during the last few years to reduce these costs. One of
these is to short cut the biological nitrogen removal by

*To whom correspondence should be addressed

partial nitrification-denitrification. In a conventional
two-step nitrification, nitrite is produced as an
intermediate from the oxidation of ammonia, which is
then immediately oxidized to nitrate, resulting in a
relatively low concentration of nitrite in the effluent.
Partial nitrification and further denitrification via nitrite
have attracted attention because they offer several
advantages over conventional biological nitrogen
removal via nitrate. In theory, these advantages include
a 25% saving in oxygen consumption and a 40%
saving in the carbon resource of the denitrification
process. Therefore, these processes are economically
favorable, especially in the case of wastewaters
containing high concentrations of ammonia or
characterized by a low carbon to nitrogen (C/N) ratio,
e.g., landfill leachate.

Partial nitrification requires reducing the activity
of the nitrite oxidizing bacteria (NOB), without
affecting the ammonia oxidizing microorganisms
(AOB). This can be achieved in several ways. The
first is to use the difference in the activation energies
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between ammonia oxidation (68 kJ/mol) and nitrite
oxidation (44 kJ/mol). The higher activation energy
in the case of ammonia means that the process rate
can be made temperature-dependent (Schmidt et al.,
2002).

Other parameters conducive to short-cutting
nitrification may be pH and dissolved oxygen (DO)
regulation. However, in case of pH, discrepancies are
observed among the existing data (Villaverde et al.,
1997; Ruiz et al., 2003; Wang et al., 2007). It is
known that at low DO concentrations, ammonia
oxidizing bacteria have a higher affinity for oxygen
than nitrite oxidizing bacteria, so in activated sludge
the first phase of nitrification dominates (Schmidt
et al., 2003). Therefore, in this study, a low DO
concentration was chosen as a technological
parameter for investigating the possibility of nitrite
accumulation.

The second step in nitrogen removal is
denitrification. In leachate originating from mature
landfill and characterized by a low chemical oxygen
demand (COD) to N ratio (COD/N), an external
carbon source is needed to obtain high process
efficiency. In the literature, there are some data
concerning the doses of external organic carbon that
are needed for nitrogen removal from leachate.
However, most of these apply to nitrate reduction
(Welander et al., 1998; lIlies and Mavinic, 2001a,
2001b; Klimiuk and Kulikowska, 2004; Kulikowska
and Klimiuk, 2004).

Although the short-cut nitrification of wastewater
with high ammonia concentration has been
investigated in previous research, only a few studies
on denitrification via nitrite have been done (Chung
and Bae, 2002; Fux et al., 2006, Queiroz et al.,
2011). Moreover, among these few, discrepancies in
the data are observed. So, the C/N ratio required for
complete N-NO, reduction by denitrifying bacteria
has not been confirmed and should be determined
experimentally.

This study investigates the feasibility of short-cut
nitrification with a low DO concentration as a
parameter conducive to maximizing nitrite
accumulation and denitrification. An external carbon
source is introduced to enhance nitrogen removal via
the nitrite route during the treatment of mature
landfill leachate in a two-stage sequencing batch
reactor (SBR) system. Additionally, a kinetic
analysis was conducted. Acetic and butyric acids
were chosen as external carbon sources because of
the n-configuration of the volatile fatty acids
(VFAs). Acids with two and four C-atoms — acetic
and n-butyric acids — are stimulators of denitrification

via nitrate (Eilersen et al., 1995). According to
these authors, this might result from the ability of
these acids to participate directly in the energy
producing reactions in the bacterial cell. Moreover,
Hallin and Pell (1998) pointed out that acetate and
butyrate are easily converted by the bacterial cell
to acetylo-CoA before entering the tricarboxylic
acid cycle.

MATERIALS AND METHODS
Leachate Feed

The leachate used in this study was collected
from a municipal landfill, which has been in
operation since 1996, located at Wysieka (near
Bartoszyce), Warmia and Mazury Province, Poland.
In this landfill, only municipal waste (without fluid
waste, fecal matter, hazardous substances, and
radioactive and toxic waste) is deposited. The
leachate composition during the period of the study
is shown in Table 1.

Table 1: Composition of the raw landfill leachate

Leachate constituent Units Value
pH* 8.1+0.14
COD* mg/L 896 +36.8
BOD5* mg/L 106 +5.26
BOD5/COD 0.11
Total nitrogen* mg/L 834+ 19.8
Ammonia nitrogen* mg/L 786 £ 15.2
Organic nitrogen* mg/L 48+6.2
Total phosphorus* mg/L 489+4.6
Total dissolved solids* mg/L 6730 + 625
Volatile dissolved solids* mg/L 1280+ 110.5
Zinc** mg/L 0.47 £ 0.06
Chromium** mg/L 0.081 £ 0.025
Cadmium** mg/L 0.132+0.26
Cooper** mg/L 0.07 £ 0.002
Nickel** mg/L 0.03 £ 0.0013
Lead** mg/L bdl
Mercury** mg/L bdl

bdl — below detection limit
* measurement repeated five times
** measurement repeated three times

Process Configuration and System Design

The landfill leachate treatment was carried out in
the laboratory using a two-stage system consisting of
aerobic SBR-N (nitrification) and anoxic SBR-D
(denitrification) units (Figure 1). The system was
operated at room temperature (20 = 2°C).
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1st stage SBR-N
Vegrn=6 L
n=0.3d"

cycle —24 h
feed —0.17 h
aeration — 21 h
settle —2.66 h
decant-0.17 h

2nd stage SBR-D SBR-D1
Vsprp=1.5L
n=0.5d"
cycle—24 h
feed - 0.17 h
mixing — 21 h
settle —2.66 h
decant—0.17 h

nitrified leachate + acetic acid

SBR-N2
feed (raw leachate)

SBR-D2
nitrified leachate + butyric acid

Figure 1: Schematic of the two-stage SBR system

Nitrification

Nitrification was investigated in two aerated
SBRs operated in parallel. The SBRs, each with a
working volume of 6 L, were made of Plexiglass and
were equipped with a stirrer (operated at a regulated
rotation speed of 36 rpm) and a controlled air supply
system. Air was supplied by porous diffusers placed
at the bottom of the tank. The SBRs worked at a
volumetric exchange rate (n) of 0.3 d’'. In both SBRs
the filling period was short as a result of portion
dumping of the leachate (1.8 L/cycle).

The SBRs differed in their DO concentrations.
The amount of air entering the SBRs was
automatically adjusted to a stable set-point of
between 0.8 and 0.9 mg O,/L. (SBR-N1) and between
1.2 and 1.3 mg O,/L (SBR-N2). Both reactors were
operated in a 24-hour cycle mode with 0.17 hours for
the feed stage, 21 hours for the aeration stage, and
2.83 hours for the settle and decant stage.

Denitrification

Leachate from SBR-N2 was subsequently fed
into two SBRs (SBR-DI, SBR-D2) made of
Plexiglass, with a working volume of 1.5 L each.
The SBRs differed in their carbon sources (Table 2).
In both reactors, the volumetric exchange rate, n,
was 0.5 d”'. In the second system, the aeration phase
was eliminated. The cycle time for SBR-D was 24
hours and the times for the various phases were: feed
0.17 hours, mixing 21 hours, and settle and decant
2.83 hours. The operating conditions in the
denitrified reactors are listed in Table 2.

Table 2: Technological parameters in the second
stage (denitrification via nitrite)

Technological parameters SBR-D1 | SBR-D2
Volumetric exchange rate (d'l) 0.5

Type of external carbon source acetic acid | butyric acid
External carbon source dosage 2-3 3-4
COD/Nnoo* (mg/mg)
*t was assumed that the leachate after the first stage (nitrification) contains

only non-biodegradable organics (BODs in the effluent < 6 mg/L) and
these were not considered when determining the dose of external carbon

In both processes (nitrification and denitrification),
the adaptation period lasted between 30 and 40 days.
After the biomass adapted to the experimental
conditions and steady-state conditions were obtained,
cultivation of the activated sludge was continued for
3 months.

Analytical Methods

The raw leachate was analyzed for:
= pH (pH-meter HI 8818);
= COD (according to Standard Methods, 1997);
= BOD:s (according to DIN EN 1899-1/EN 1899-2
official EPA method wusing OxiTop WTW
Wissenschaftlich-Technische Werkstratten GmbH,
D-82326 Weilheim, Germany);
= Kjeldahl nitrogen, ammonia-N, nitrite-N and
nitrate-N (according to the Standard Methods, 1997);
= total phosphorus (according to the Standard
Methods, 1997);
= total dissolved solids and volatile dissolved solids
(according to Hermanowicz et al., 1999);
= metals (Zn, Cr, Cd, Cu, Ni, Pb, and Hg) (according
to PN-92/C-04570/02).
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Daily measurements of effluent from the SBR
included COD, BOD:s, Kjeldahl nitrogen, ammonia-N,
nitrate-N, and nitrite-N, according to the methods given
above.

In SBRs were analyzed:
= mixed liquor volatile suspended solids (MLVSS)
and total suspended solids (MLSS) (according to
Hermanowicz et al., 1999);
= oxygen concentration (using an oxygen controller).

RESULTS AND DISCUSSION
Landfill Leachate Characterization

For the leachate studied, the concentration of
organic compounds, expressed as COD, was 896 mg/L,
but the proportion of easily biodegradable organics
(BODs) was only 12%. The total nitrogen
concentration was 834 mg N/L and the ammonium
concentration was 786 NH4-N mg/L (Table 1).

The leachate originated from a landfill that has been
in use for over 10 years and, therefore, showed a good
correlation with the low organic compounds content. A
literature review revealed that leachate from stabilized
landfills contains low concentrations of organic
compounds, often below 1500 mg/L (Kang et al.,
2002; Trebouet et al., 2001). Furthermore, recent
investigations have revealed that even the leachate from
young landfills contains low concentrations of organic
compounds (Aziz et al., 2007). Some authors suppose
that it is caused by leachate recirculation, which
reduces the waste stabilization time, enhances gas
production, and, consequently, lowers the leachate
concentration, especially in terms of COD (Reinhart
et al., 1996; Chugh et al., 1998; Chan et al. 2002).

The ammonium concentration in the leachate
studied was about 800 mg NH4-N/L. Similar ammonia
amounts have been reported previously (Kang et al.,
2002; Trebouet et al., 2001; Avezzu et al., 1992).
Leachate is rich in ammonia nitrogen as a result of the
hydrolysis and fermentation of the nitrogenous
fractions of the biodegradable substrates (Carley and
Mavinic, 1991) and the release of soluble nitrogen
from municipal solid waste into the leachate is slow
and may continue over a long period.

Organics Removal and Nitrification

The removal and nitrification of the organic
compounds were tested at oxygen concentrations of
between 1.2 and 1.3 mg/L (SBR-N1) and between
0.8 and 0.9 mg/L. (SBR-N2). In both reactors, the
efficiency of organic compound removal as BODs was

over 94% and the concentration of organics in the
effluent was below 8 mg/L. The efficiency of removal
of the organics, expressed as COD, did not exceed
15%. A similar result — an efficiency of removal of
organics from municipal landfill leachate in Sweden of
about 20% — was obtained by Welander ez al. (1998).
The efficiency of organic nitrogen removal was
not high (about 10%), which was probably the result
of the low biodegradability of the N-containing
substances in the raw leachate. It was shown that
in SBR-N1 at n = 0.3 d'and a higher oxygen
concentration, the nitrite accumulation ratio,
calculated as (N-NO;)x100/(N-NOy)% was between
32 and 37%. In the effluent, apart from nitrites, the
nitrate concentration was observed to be 167.2 mg
N-NOs/L, on average (Figure 2 and Table 3).
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Figure 2: Efficiency of ammonia removal and nitrite
accumulation ratio in SBR-N (a) SBR-NT1; (b) SBR-N2

Table 3: Mean amounts’ of the different nitrogen
forms in the effluent from the first stage (short-
cut nitrification)

Dissolved oxygen Nitrogen form in the effluent
concentration in NH-N NO,-N NO;-N
the SBR-N (mg/L) (mg/L) (mg/L) (mg/L)
1.2-1.3 (SBR-N1) | 0.49+£0.36 | 89.3+19.4 |167.2+34.5
0.8-0.9 (SBR-N2) | 0.62+£0.29 | 251+19.6 114£5.2

*Mean values were determined from 58 measurements of each

nitrogen form
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At the same n, but at a lower oxygen
concentration, nitrite accumulation was at a level
higher than 95%, which indicates that nearly all the
nitrogen was completely removed via the nitrite
pathway. Since in both cases the sludge age was
similar (26 days) and the process was conducted at a
temperature of 20 &+ 2°C, it may be supposed that the
parameter crucial for obtaining short-cut nitrification
was a DO concentration below 1 mg/L. Similarly,
Ruiz et al. (2003) showed that oxygen concentration
is a crucial parameter for obtaining partial
nitrification. These authors found that with a reactor
DO concentration of 0.7 mg/L, it was possible to
accumulate more than 65% of the loaded ammonia
nitrogen as nitrite with a 98% ammonia conversion.
At DO concentrations below 0.5 mg O,/L, the
accumulation of ammonia nitrogen occurred, while
at DO values greater than 1.7 mgO,/L, full
nitrification was obtained. However, Jianlong and
Jing (2005) showed that in order to obtain a stable
short-cut nitrification, apart from a low oxygen
concentration (1.5 mg O,/L), a high temperature
(30°C) was needed. At a temperature over 30°C, the
specific rate of growth of ammonia oxidizing
bacteria is twice as high as the rate of growth of the
bacteria oxidizing nitrite (1 d”' and 0.5 d) (Mulder
and van Kempen, 1997), which means that the high
temperature is conducive to the rapid multiplication
of the bacteria oxidizing the ammonia nitrogen
(Hellinga et al., 1998; Mulder et al., 2001).

Based on the ammonium concentration profiles
during the aeration phase of the SBR cycle, once
steady-state conditions were obtained in both
reactors, a kinetic analysis was performed (Figure 3).

An analysis of the experimental results showed
that the ammonium removal rate was a zero-order
kinetic process defined by the following differential
equation:

dCNHrN
T == kNHrN (D

INH,-N =~
The solution for this equation could be fitted to
the experimental data according to:

Cng—N = Conmy-nyy — Knpg—net (2)
where:

Cnuan  ammonium nitrogen concentration after
time t (mg NH4-N/L)

Camanyo ammonium  nitrogen concentration at the
beginning of the SBR operating cycle (mg
NH,4-N/L)

knpan  constant of the ammonium nitrogen
removal rate (mg NH4-N/L'h, mg NH4-N/g
VSS-h)

I'nusaN  ammonium nitrogen removal rate (mg NHy-
N/L-h, mg NH4-N/g VSS-h)

t time (hours)

The rate of ammonium oxidation in both reactors
is shown in Figure 3.

r =19.4 mg NH4-N/L'h

r=6.26 mg NH,-N/g VSS'h

ammonia concentration
[mg NH4-N/L]

0 -+ T T T T T T <
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time [h]
< experimental data 0. order kinetic
(a)
300 r_=21.1 mg NH,-N/L'h
= v
=]
g ry=6.93 mg NH,-N/g VSS'h
§Z 200
2=
8=
ez 150
S e
SE 100
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£
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time [h]

0. order kinetic

(b)
Figure 3: Concentration profiles of ammonia during
aerobic conditions and short-cut nitrification rates
described by zero-order kinetics: (a) SBR-NT1; (b) SBR-N2

¢ experimental data

In SBR-NI1, the nitrification rate was 6.26 mg
NHs-N/g VSS-h and the time needed for the
ammonium oxidation to nitrite was about 14 hours —
about 70% of the aeration phase. At a higher DO
level, the ammonium removal rate was only slightly
higher — 6.93 mg NH4-N/g VSS-h.

Denitrification

In order to verify the efficiency of denitrification,
the effluent from SBR N-2 (which contained only
nitrite) was fed to two denitrification reactors (SBR-D1
and SBR-D2). These two reactors varied in their
organic carbon sources (Table 2). The selection of
the effluents with nitrite was dictated by two factors.
The first was that the reduction of nitrite needs less
carbon than the reduction of nitrates. In theory, the
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savings in carbon dosage should be 40%, because
nitrite is reduced by three electron equivalents per
mol N and nitrate by five electron equivalents per
mole N. The second is that when nitrite and nitrate
are present in the reactor, nitrite reduction is
inhibited when the initial nitrate concentration is
greater than 25 mg NO;-N/L (Chung and Bae, 2002).

In both the SBR-D reactors, the denitrification
process was investigated at COD to N-NO, ratios of
2, 3, 4, and 5. During the research for all tested
organic carbon sources, the optimal organic C/N
ratio that resulted in the highest denitrification
efficiency was determined.

In view of the mass of these results, in this study
the denitrification efficiencies for the selected C/N
ratio — between 2 and 3 mg COD/mg N-NO, for
acetic acid and between 3 and 4 mg COD/mg N-NO,
for butyric acid — were studied and discussed.

Furthermore, the organic carbon doses for the
complete denitrification of both the external organic
compounds used were optimized. The optimization
was obtained by increasing or decreasing the amount
of the organic. The research results showed that the
optimal organic to nitrate nitrogen ratio was 2.4 mg
COD/mg N-NO, for acetic acid and 3.8 mg COD/mg
N-NO, for butyric acid. In both cases, the N-NO,
removal efficiency was over 99%.

The C/N ratio required for complete N-NO,
reduction by the denitrifying bacteria depended on the
nature of the carbon source and should be determined
experimentally. However, most works have only taken
into consideration the demand for carbon during
conventional  denitrification  (nitrate  pathway).
Kaczorek and Ledakowicz (2006) showed that in the
two-stage sludge system with secondary denitrification
and sodium acetate as a carbon source (with a COD to
N ratio above 4), the removal of inorganic nitrogen
compounds from landfill leachate was 99%. Carrera et
al. (2003) showed complete denitrification using two
different industrial carbon sources, one containing
mainly ethanol and the other methanol (2003).
According to their research, the COD to N ratio
needed for denitrification using ethanol was 4.3 £0.4 g
COD/g N and for methanol was 3.9 + 0.5 g COD/g N.
The results from the investigations of Christensson
et al. (1994) show that the amount of COD required
for nitrate removal was lower for ethanol (3.85 g/g N)
than for methanol (4.45 g/g N) in the continuous
experiments, while it was higher for ethanol (6.1 g/g N)
than for methanol (4.1 g/g N) in pure culture batch
cultivations. So far, only a few studies on
denitrification via nitrite have been done. Moreover,
among these few, data-discrepancies are observed. For
example Akunna et al. (1993) showed that in the

presence of glucose as a carbon source, ammonium
accumulation was found and dissimilatory reduction to
ammonium accounted for up to 50% of the reductions
in nitrate and nitrite. In contrast, the research of Chung
and Bae (2002) proved that glucose gave the fastest
nitrite reduction rate.

On the basis of the nitrite nitrogen changes in the
cycle of SBR-D, after the process had reached
steady-state conditions, a denitrification kinetic
analysis was done. The analyses showed that
nitrogen reduction, regardless of the organic carbon
source, was a zero-order kinetic process:

dCyo,-N

INO,-N = T == kNorN 3)
The solution for this equation could be fitted to
the experimental data according to:

Cno,-N = Cnoy-Ny, ~Kno, Nt (4)
where:

Cno2n  nitrite concentration after time t (mg NO,-N/L)
Cno2-nyo nitrite concentration at the beginning of the
SBR operating cycle (mg NO,-N/L)
knoan  constant of the denitrification rate (mg NO,-
N/Lh, mg NO,-N/g VSS-h)

noan  denitrification rate (mg NO,-N/L-h, mg
NO,-N/g VSS-h)

t time (hours)

In the SBR-D1 reactor, with acetic acid as the
carbon source, the denitrification rate was 9.12 NO,-N/g
VSS-h and nitrite reduction lasted about five hours. A
higher denitrification rate — 14.6 mg NO,-N/g VSS-h —
obtained in SBR-D2 using butyric acid caused that
total nitrite reduction to last just three hours of the
cycle time (Figure 4).

160 ] SBR-DI r,=33.65 mg NO2 -N/L'h

r,=9.12 mg NO; -N/g VSS'h

—
[
<

SBR-D2 r,=55.48 mg NO, -N/L'h

20 r,=14.6 mg NO; -N/g VSS h

40

nitrite concentration
[mg NO2-N/L]

¢ SBR-D1 experimental data time [h]

4 SBR-D2 experimental data

0. order kinetic

Figure 4: Concentration profiles of nitrite during
anoxic conditions in SBR-D and reaction rates
described by zero-order kinetics
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The denitrification rate is very significant because
of its practical use. From the results obtained, it can
be concluded that the use of acetic acid causes a
reduction in the cycle time of the SBR-D from 24
hours to 12 hours, while using butyric acid causes a
reduction from 24 hours to 8 hours.

Investigations related to the denitrification rate in
leachate with an external carbon source have been
conducted by many researchers, but most of these
studies concerned denitrification via nitrate. Welander
et al. (1998), during leachate treatment with methanol,
obtained a denitrification rate equal to 55 g N/m’h.
Foglar and Briski (2003) defined the methanol
influence on the nitrate removal rate from synthetic
wastewater. The total denitrification in that study was
obtained for a CH3;0H/NOs-N ratio greater than 2.5
and was accompanied by a nitrate reduction rate of
4.35 mg NOs-N/L h. The study of Nyberg et al. (1996)
resulted in a denitrification rate of 3 mg N/g VSS-h
with methanol as carbon source, but for ethanol it was
three times higher. Furthermore, Louzeiro et al. (2002)
showed that the denitrification rate increased with
increasing methanol concentration, until a maximum
denitrification rate of 19 mg NOx-N/g VSS-d
(0.8 mg NOx-N/g VSS-h) was obtained for a
methanol dose of 2.87 mg CH30H/mg NOx-N. To
promote denitrification in leachate, Doyle ef al. (2001)
used maltose, acetate, and methanol as external carbon
sources. They showed that, at a COD to Niepovea Tatio
of between 7.2 and 7.4, the denitrification rate varied
from 6.67 mg/g VSS-h (methanol, acetate) to
7.08 mg/g VSS-h (maltose). Peng et al. (2007) showed
that, in a pre-denitrification system with an external
carbon source, the denitrification rates with ethanol,
acetate, and methanol reached values as high as 9.6,
12, and 3.2 mg N/g VSS-h, respectively.

The denitrification rate via the nitrite route
obtained in our study was high compared with the
rate of denitrification via nitrate. Similarly, Chung
and Bae (2002) showed that, in SBR with glucose as
the sole electron donor and sodium nitrite as the sole
electron acceptor, the average specific nitrite
reduction rate was 50.1 mg/g VSS-h and the nitrate
reduction rate only 13.75 mg/g VSS-h. However, the
maximum denitrification rate for nitrite was as much
as 4.3 times faster than the rate of nitrate reduction.
In contrast, Akunna et al. (1993), in batch-tests with
different carbon sources showed that in the case of
acetic and lactic acids, the nitrite reduction rate was
about 14% lower than the nitrate reduction rate.

From a biochemical point of view, nitrite appears
to be the preferred electron acceptor since the nitrite
reductase is located closer to the environment
(periplasmic space) than the nitrate reductase

(cytoplasmic side of the membrane) (Hochstein and
Tomlinson, 1988; Stouthamer, 1988; Brittain et al.,
1992; Schulthess ef al., 1995; Moreno-Vivian et al.,
1999; Chung and Bae, 2002), which means that
nitrite has less transport resistance. In this study,
both carbon sources gave fast reaction rates since the
microorganisms had been grown on them and were
well adapted to that carbon source. Moreover no
inhibition was observed at the concentrations of
nitrite to which the microorganisms were adapted.
Chung and Bae (2002) also confirmed that the nitrite
denitrification was self-inhibited only in the case
when nitrite was present above the concentration to
which the microorganisms had been acclimated.

CONCLUSIONS

The integration of short-cut nitrification and
denitrification via nitrite with an external carbon
source process may be applied in a two-stage SBR
system for nitrogen removal from mature landfill
leachate. It was shown that short-cut nitrification can
be achieved by reducing the oxygen concentration in
the nitrifying reactor. Low oxygen levels during
treatment may bring about great savings in aeration.
The complete removal of nitrite was obtained at a
carbon dose of 2.4 mg COD/mg NO,-N for acetic
acid and 3.8 mg COD/mg NO,-N for butyric acid. A
high denitrification rate — 9.12 NO,-N/g VSS‘h
(acetic acid) and 14.6 NO,-N/g VSS-h (butyric acid)
— allows for a significant reduction in the SBR-D
reaction cycle.

NOMENCLATURE

ammonium
concentration after
time t
C(NH4-N)0 ammonium
concentration at the
beginning of the
aeration phase
nitrite concentration
after time t
Cmoznyo  hitrite concentration at
the beginning of the
SBR operating cycle
DO dissolved oxygen
concentration
Knna-N constant of the
ammonium nitrogen
removal rate

CNH4-N mg NH4—N/ L

mg NH4-N/L

Cro2n mg NO,-N/L

mg NO,-N/L

mgO,/L

mg NH4-N/Lh,
mg NH4-N/g VSS'h
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knoo-n constant of the mg NO,-N/Lh,

denitrification rate mg NO,-N/g VSSh
VFA volatile fatty acids
n volumetric exchange d’
rate
I'NHAN ammonium nitrogen mg NH4-N/L-h,
removal rate mg NH,-N/g VSSh
I'NO2-N denitrification rate mg NO,-N/L-h,
mg NO,-N/g VSSh
t time hours
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