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Abstract

The aim of this study was to investigate efficiency of ammonium nitrogen removal from municipal 
landfill leachate in activated sludge in two-stage SBR reactors. Treated leachate contains low concentra-
tions of organic substances measured as chemical oxygen demand  (COD) − 757 mg O2/dm3 and high 
concentrations of ammonium − 362 mgNNH4/dm3.

Nitrification was studied in two parallel, aerated SBR reactors with two different hydraulic retention times 
(HRT), 3 and 2 days, respectively. We have found that 2 days HRT was sufficient to achieve complete nitrification. 
In the effluent ammonium, nitrite and nitrate nitrogen concentrations were 0.08 mgNNH4In the effluent ammonium, nitrite and nitrate nitrogen concentrations were 0.08 mgNNH4In the effluent ammonium, nitrite and nitrate nitrogen concentrations were 0.08 mgN /dm3, 0.04 mgNNO2, 0.04 mgNNO2, 0.04 mgN /dm3/dm3/dm  and 
320 mgNNO3320 mgNNO3320 mgN /dm3, respectively. The ammonium nitrogen removal rate was 20.2 mgNNH4, respectively. The ammonium nitrogen removal rate was 20.2 mgNNH4, respectively. The ammonium nitrogen removal rate was 20.2 mgN /dm3.h.

The effluent from aerobic reactors (HRT 2 days) was fed to the anoxic SBR reactors. An external car-
bon source (methanol) was added to promote denitrification. In the anoxic reactor, at a methanol dosage 
3.6 mg COD/mg NNO3 and HRT of 1 day complete denitrification was achieve with  nitrate nitrogen residual 
concentrations of 0.9 mgNNO3/dm3. The maximum denitrification rate was 48.4 mgNNOx/dm3.h.

The highest values of the yield methanol coefficient Ym/N-NOxYm/N-NOxY  were determined for dosages 
3.6 mg COD/mg NNO3  and 5.4 mg COD/mg NNO3,, the lowest for 1.8 mg COD/mg NNO3.

Keywords: landfill leachate, activated sludge, sequencing batch reactor (SBR), nitrification, denitri-
fication, methanol.
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Introduction

Leachate from landfills is a potential environmental 
hazard as surface and groundwater contamination. In 
order to minimize the negative influence on the environ-
ment, leachate must be treated to remove organic com-
pounds and nitrogen before being discharged.  

The leachate chemical composition may differ mar-
kedly depending on age and maturity of the landfill site. In 
leachate from the acid-phase landfill, more than 95% of the 
dissolved organic carbon content of 20,000 mg DOC/dm3 

consisted of volatile fatty acids and only 1.3% of high mo-
lecular weigh compounds. In methanogenic-phase  landfill 
in leachate, however, there are no volatile acids, and 32% 

of the DOC content of  2,100 mg/dm3 consisted of high 
molecular weight compounds [1]. According to Artiola-
Fortuny and Fuller [2] Fortuny and Fuller [2] Fortuny and Fuller in methanogenic-phase leachate 
more than 60% of the DOC is humic-like material. 

Biological methods are highly effective in treating 
leachate from the young landfills containing a large 
amount of readily biodegradable organic acids  [3]. How-
ever, their contents decrease rapidly in the following 2-3 
years exploitation of landfill. For this reason for leachate 
treatments are recommended to be multistage systems 
that include  biological and physicochemical processes 
[4, 5].

The main source of nitrogen in leachate are proteins. 
According to Jokela et al., [6]  percentage of proteins in 
municipal solid waste is 0.5% of dry weight. The hy-
drolysis of the polypeptyde chain is disadvantageous in 
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energetic terms and this is apparently the reason for the 
slow kinetics of protein hydrolysis that in turn causes 
slow ammonium releasing. Therefore the mature leach-
ate contains relatively high concentration of ammonium 
[7].  In activated sludge, nitrogen removal from leachate 
can be achieved by biosynthesis, ammonia stripping and 
denitrification [8, 9, 10]. 

In the activated sludge, however, the nitrification 
process is slow and may be inhibited by metals and 
hazardous materials [11, 12], high concentrations of 
ammonium nitrogen [13] and high concentrations of 
organic substances, especially volatile fatty acids 
[14]. When treating leachate characterized by low 
levels of biodegradable organics, a supplementary 
source of organic carbon is required to ensure ad-
equate denitrification. 

In the presented experiment SBR reactors were used. 
It is stated that high and low floc loading conditions are 
continuously repeated in the SBR operating cycle. The 
existence of substrate concentrations gradient in initial 
and end of aeration phases results in stratification of 
activated sludge flocs and promotes the nitrification and 
denitrification rates [15]. An additional advantage is the 
possibility for technological modifications during the 
process since very significant changes in the chemical 
composition of leachate can occur during the time of the 
landfill operation [16]. This research seeks to determine 
organic removal efficiency, rates of nitrification and 
denitrification and yield methanol coefficient in the de-
nitrification process. The highest nitrogen removal rates 
are expected for design parameters that are similar to the 
landfill site where this work was studied.

Materials and Methods
Leachate Feed

The leachate used in this study was collected from 
a municipal landfill located in Wysieka (near Barto-
szyce), which has been in operation since 1996. The 
leachate had the typical characteristics of a mature 
landfill. The biochemical oxygen demand (BOD5) and 
chemical oxygen demand (COD) were 105 mgO2/dm3

and 757 mgO2/dm3, respectively. The ammonium nitro-
gen concentration of the leachate was 362 mgNNH4/dm3

(Tab. 1). This low (0.14) BOD5/COD clearly indicated 
that the leachate was low in biodegradability. For that 
reason methanol was added to the anoxic reactor as a 
carbon source for denitrification.

The leachate was delivered 1-2 times per month to the 
laboratory and stored at 4oC.

Process Configuration and System Design

A post denitrification process was carried out in this 
study. The laboratory treatment two-stage system consis-
ted of an aerobic SBR-N (nitrification) and anoxic SBR-
D (denitrification) sequencing batch reactors. The system 
was operated at room temperature.   

Nitrification

Two identical SBR reactors worked at 3 days HRT  
(SBR 1-N) and 2 days HRT (SBR 2-N) in parallel to treat 
the mature leachate from sanitary landfill. The total volume 
of each reactor was 6 dm3. Both reactors were operated in 
a 24-h cycle mode, at 0.25, 20.5, 3 and 0.25 hours for the 
feed, aeration, settle and decant, respectively. Dissolved 
oxygen was supplied using porous diffusers, placed at the 
bottom of aerobic reactors. The operation conditions for the 
aerated SBR reactors were listed in Table 2.

Denitrification

Leachate from SBR 2-N was subsequently fed into 
four SBR reactors (SBR 1-D − SBR 4-D) that were 
operated in parallel in a 12-h cycle mode and differed in 
methanol dosage (Tab. 3). Duration phases time was 0.25; 
10; 1.5 and 0.25 hours for the feed, mixing, settle and de-
cant, respectively. The operation conditions in denitrified 
reactors were listed in Table 3.

Analytical Method

The daily measured parameters were chemical oxygen 
demand (COD), ammonium nitrogen, nitrite nitrogen, 
nitrate nitrogen, volatile suspended solids (VSS) and total 
suspended solids (TSS) in the mixed reactor content and 
settled effluent. The analyses were carried out according to 
the methodology described by Hermanowicz et al., [17].

Table 1. Landfill leachate characterization.

Parameter Raw 
leachate

Aerobically treated leachate
SBR 1-N 
(HRT 3d)

SBR 2-N 
(HRT 2d)

COD 
(mg O2/dm3) 757 386 394

BOD5
(mg O2/dm3) 105 5.6 8.4

Organic nitrogen  
(mgNorg/dm3) 35 32 33.2

Ammonium nitrogen  
(mg NNH4

/dm3) 362 0.07 0.08

Nitrate nitrogen  
(mg NNO3

/dm3) n.d. 323 320

Nitrite nitrogen 
(mg NNO2

/dm3) n.d. 0.02 0.04

n.d. ─ not detected

Table 2. The operation conditions in nitrified reactors.

Operation conditions SBR 1-N SBR 2-N

Hydraulic retention time  (HRT) (d) 3 2

Volumetric exchange rate (%) 33 50
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Results 
Organics Removal and Nitrification

Organic compounds removal and nitrification were 
tested at HRT 3d and at HRT 2d. It was shown that 
organics elimination efficiency (expressed as COD) 
was adequately 51% and 49%. Their average con-
centrations in the effluent were 386 mgO2/dm3 and 
394 mgO2/dm3, respectively (Tab. 1). Relatively low ef-
fectiveness, although long leachate retention time, could 
be the result of high concentration of slowly or non-bio-
degradable organics in the leachate. This is confirmed by 
low BOD5/COD (0.14) in raw leachate. 

Ammonium nitrogen removal rate and nitrification 
rate were described by zero-order kinetics and defined by 
the following differential equation:

(1)

The solution for this could be fitted to the experimen-
tal data according to (2):

(2)

sign (−) means ammonium concentration decrease and 
sign (+) means nitrate concentration increase.
where:
rN rN r - ammonium removal rate or nitrifi cation rate 

(mg NNH4/dm3.h or mg NNO3/dm3.h),
kN kN k - constant of ammonium  removal rate or nitrifi cation 

rate (mg NNH4/dm3.h or mg NNO3/dm3.h),
CN CN C - ammonium nitrogen or nitrate nitrogen 

concentration after time t (mg Nt (mg Nt NH4/dm3 or 
mg NNO3/dm3),

t - time (h),
C0,N C0,N C - ammonium nitrogen or nitrate nitrogen 

concentration at the beginning of the aeration 
phase (mg NNH4/dm3 or mg NNO3/dm3).

The values of ammonium removal rate estimated 
from equation (2) in both reactors were comparable 
20.1 mg NNH4/dm3.h (HRT 3d) and 20.2 mg NNH4/dm3.h 
(HRT 2d). This means that the rate of ammonium removal 
was independent of HRT (Figs.1a, 2a). However, in 
SBR 1 (HRT 3d) nitrite was not detected (Fig. 1b), where-

rNrNr  = ±
dCNCNC
dt = ± kNkNk

CNCNC  = C0,NC0,NC  ± kNkNk  · t

Table 3. The operation conditions in denitrified reactors.

Operation conditions SBR 
1-D

SBR 
2-D

SBR 
3-D

SBR 
4-D

Hydraulic retention 
time (HRT)  (d) 1 1 1 1

Volumetric exchange 
rate  (%) 50 50 50 50

Methanol dosage 
(mg COD/mg NNO3

)* 1.8 3.6 5.4 7.3

Fig. 1. Concentrations profiles in leachate of ammonium nitro-
gen (a), nitrate nitrogen and nitrite nitrogen (b) during aerobic  
conditions and reaction rates described by zero-order kinetics at 
HRT 3d (SBR 1-N).
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Fig. 2. Concentrations profiles in leachate of ammonium nitro-
gen (a), nitrate nitrogen and nitrite nitrogen (b) during aerobic  
conditions and reaction rates described by zero-order kinetics at 
HRT 2d (SBR 2-N).

*methanol dosage per nitrate concentration at the beginning of 
the SBR reactor operating cycle
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Fig. 3. Ammonium nitrogen balance during SBR reactor opera-
ting cycle; a. SBR 1-N (HRT 3d) b. SBR 2-N (HRT 2d).

as in SBR 2-N (HRT 2d) ammonium oxidation to nitrate 
was due to nitrite accumulation (Fig. 2b). The highest 
nitrite nitrogen concentration (99.7 mg NNO2/dm3) was 
observed after 7 h of the experimental cycle. 

Nitrification rate in SBR 1-N was 13.4 mgNNO3Nitrification rate in SBR 1-N was 13.4 mgNNO3Nitrification rate in SBR 1-N was 13.4 mgN /dm3.h 
(Fig. 1b) and was 1.5-times lower than the rate of  ammo-
nium removal. The rate of I and II phases nitrification in 
SBR 2-N  (estimated from the dependence of sum of nitrite 
nitrogen and nitrate nitrogen concentrations versus time) 
was 11.7 mg NNOxwas 11.7 mg NNOxwas 11.7 mg N /dm3.h (Fig. 2b). 

The ammonium consumed for biomass assimilation, 
ammonia stripping and nitrification were calculated in 
the cycle. Figure 3 show the data worked out on the basis 
of nitrogen balance. The yield coefficient of activated 
sludge (YobsYobsY ) was apparently low, due to low readily bio-
degradable organics concentration and long sludge age 
(YobsYobsY  = 0.28 mg VSS/mg COD in SBR 1-N and 0.36 mg 
VSS/mg COD in SBR 2-N). It was estimated that nitrogen 
used for the biomass growth was 3.3 mg N/dm3 (SBR 1-N) 
and 6.2 mg N/dm3 (SBR 2-N) (on the basis determined by 
Kulikowska [18] the yield coefficients YobsYobsY  and nitrogen 
content in activated sludge − 9.5 mgN/100 mg VSS). It 
was adequately 2.9%  and 3.9% of nitrogen removed from 
leachate. Nitrogen loss as the result of stripping calculated 
according to Balmelle et al., [19] was 4.6% (SBR 1-N) 
and 7.2% (SBR 2-N). Non-balanced nitrogen loss did not 
exceed 3% in both reactors (Figs. 3a, b). 

Fig. 4. Concentration of ammonium nitrogen (a) and  nitrate nitro-
gen (b) in the effluent from SBR reactors (steady conditions).

fold longer in SBR 2-N. It should be emphasized that the 
nitrification rate − 20mg NNH4/dm3.h and HRT 2d can be 
the basis for a safe SBR design in leachate treatment. 

Denitrification

Effluent from SBR 2-N was fed to four anoxic reac-
tors operated in parallel, differed in methanol dosage. In 
the SBR reactors methanol dosage values ranged from 
1.8 mg COD/mg NNO31.8 mg COD/mg NNO31.8 mg COD/mg N  (SBR 1-D) to 7.3 mg COD/mg NNO3 (SBR 1-D) to 7.3 mg COD/mg NNO3 (SBR 1-D) to 7.3 mg COD/mg N
(SBR 4-D) (Tab. 3).

The methanol consumption and nitrate reduction rate 
in the SBR cycle were described by zero-order kinetics. 
Methanol removal rate (rm) values are presented in Figure 5. 
From the obtained results it follows that the highest COD 
elimination rate − 182.1 mgCOD/dm3.h was achieved 
in SBR 3-D, the lowest one − 115 mg COD/dm3.h in 
SBR 1-D. It should be noticed that the value of methanol 
dosage 1.8 mg COD/mg NNO3 was insufficient to com-
pletely nitrate reduction (denitrification efficiency was 
67.2%). In SBR 3-D and SBR 4-D the increase in organics 
concentration in the effluent was observed, which indicates 
the incomplete use of methanol for nitrate reduction. 

The nitrate reduction rate (rN-NO3rN-NO3r )  was calculated di-
rectly from the dependence nitrate nitrogen concentration 
versus time (3). 

(3)

where:
rN-NOrN-NOr

3
 - nitrate reduction rate (mg NNO3

/dm3.h),
CN-NOCN-NOC

3
 -nitrate nitrogen concentration in the anoxic phase 

3
nitrate nitrogen concentration in the anoxic phase 

3

after time t (mg Nt (mg Nt NO3
/dm3),

t -t -t time (h).

rN-NOrN-NOr
3
 = –

dCN-NOCN-NOC
3

dt

It was observed that nitrification was highly stable, the 
average concentrations of ammonium nitrogen and nitrate 
nitrogen were 0.07 mgNNH4/dm3 and 323 mgNNO3/dm3 in 
SBR 1-N and 0.08 mgNNH4/dm3 and 320 mgNNO3/dm3 in 
SBR 2-N (Figs. 4 a, b). In SBR 1-N, where nitrite accu-
mulation was not observed, the time after that there was 
ammonium oxidation to nitrate made up approximately 
30% of the aeration phase. The time necessary for am-
monium oxidation through nitrite and nitrate was two-
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The data obtained are presented in Figure 5. From the 
results it can be concluded that nitrite was the intermedi-
ate of nitrate reduction to molecular nitrogen detected to 
accumulate significantly. The maximum nitrite accumula-
tion is visible lower than the initial nitrate concentration, 
which indicates that they were simultaneously reduced. 
The nitrate reduction rate was higher than nitrite one, es-
pecially when methanol concentration increased. 

Denitrification rate (rN-NOxrN-NOxr ) was expressed as depen-
dence sum of the nitrite nitrogen and nitrate nitrogen 
concentrations versus time (4):

(4)

where:
rN-NOrN-NOr

x
 - nitrate reduction rate (mg NNOx

/dm3.h),
CN-NOCN-NOC

x
 - sum of the nitrite nitrogen and nitrate nitrogen 

x
sum of the nitrite nitrogen and nitrate nitrogen 

x

concentrations in the anoxic phase after time t
(mg NNOx

/dm3),
t -t -t time (h).

The highest denitrification rate rN-NOxrN-NOxr  - 48.4 mg 
NN-NOx/dm3.h was observed for methanol dosage 5.4 mg 
COD/mg NNO3.  In other series the values of  rN-NOxrN-NOxr  were about
1.2-fold lower (Figs. 5a, b, c, d).

Then, yield coefficient nitrogen removal from leachate 
YN-NOx/N-NO3YN-NOx/N-NO3Y  was calculated as the ratio of denitrification rate 
rN-NOxrN-NOxr  and nitrate reduction rate rN-NO3rN-NO3r  (after Almeida et al.,
[20]). The value YN-NOx/N-NO3YN-NOx/N-NO3Y  ranged from 0 to 1 depending 
on the relative rate of sum nitrite and nitrate reduction at 
nonlimiting concentration of nitrite and nitrate. The plot of 
YN-NOx/N-NO3YN-NOx/N-NO3Y  versus the concentration of methanol was 
linear (Fig. 6) and can be described by the following 
equation: 

(5)

where:
Cm - methanol dosage per nitrate concentration at the 

beginning of the SBR reactor operating cycle 
(mg COD/mg NNO3).

YN-NOx/N-NO3
 = – 0.057 · Cm + 1

rN-NOrN-NOr
x
 = –

dC(N-NOC(N-NOC
x)

dt

Fig. 5. Concentration of nitrite nitrogen, nitrate nitrogen and sum of nitrite nitrogen and nitrate nitrogen versus time and straight line 
described by zero-order kinetics (a. SBR 1-D; b. SBR 2-D; c. SBR 3-D; d. SBR 4-D). The  table  includes  the  methanol dosage (Cm), 
methanol  removal  rate (rm), nitrate  reduction rate  (rN-NOrN-NOr

3
) and denitrification rate (rN-NOrN-NOr

x
) described by zero-order kinetics and the 

goodness coefficient φ2.
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The ratio of the methanol removal rate (rm) and 
nitrate removal rate (rN-NO3rN-NO3r ) or  denitrification rate 
(rN-NOxrN-NOxr ) to express Ym/N-NO3 Ym/N-NO3 Y and Ym/N-NOx Ym/N-NOx Y (yield methanol 
coefficient):

or

where:
rm - methanol removal rate (mg COD/dm3.h),
rN-NO3rN-NO3r  - nitrate removal rate (mg NNO3/dm3.h),
rN-NOxrN-NOxr  - denitrifi cation rate (mg NNOx/dm3.h).

The correlation between Ym/N-NO3Ym/N-NO3Y  and Ym/N-NOxYm/N-NOxY  and 
methanol dosage is shown in Figure 7. The values of 
Ym/N-NO3Ym/N-NO3Y  ranged from 1.87 mg COD/mg NNO3 (SBR 4-D) to 
2.98 mg COD/mg NNO3 (SBR-2D). The values of 
Ym/N-NOxYm/N-NOxY  for the dosages 3.6 mg COD/mg NNO3 (SBR 
2-D) and 5.4 mg COD/mg NNO3 (SBR 3-D), for al-
most all the time points were on the same level. It 
corresponded with the stoichiometric methanol dosage 
- 2.47 mgCH3OH/mg NNO3OH/mg NNO3OH/mg N  (calculated by McCarty et al., 
[21]), which converted on COD was 3.6 mg COD/mg NNO3[21]), which converted on COD was 3.6 mg COD/mg NNO3[21]), which converted on COD was 3.6 mg COD/mg N .
One of the reasons why lower than stoichiometric values 

Ym,N-NOYm,N-NOY
3
 =

rm

rN-NOrN-NOr
3

(6)

Ym,N-NOYm,N-NOY
x
 =

rm

rN-NOrN-NOr
x

(7)

of Ym/N-NOxYm/N-NOxY  at the methanol dosage 1.8 mg COD/mg NO3
(SBR 1-D) and 7.3 mg COD/mg NNO3 (SBR 4-D) were 
achieved might be due to the fact that not only molecular 
nitrogen but also nitrogen oxides appeared after denitri-
fication.  

Discussion

Leachate with low BOD5/COD, ratio used in this 
study, was collected from landfill, which has been oper-
ated for 6 years. It is obvious that correspondingly with 
the decrease in BOD5/COD ratio there is a decrease in 
treatment effectiveness. In the presented experiment 
effluent contained high organics concentration (about 
390 mg O2/dm3). It was about 50% of their contents in the 
influent. Barbusiński et al., [22] indicated that during the 
treatment of leachate from completely stabilized, 50-year 
old landfill of industrial wastes at BOD5/COD 0.05, the 
value of COD removal efficiency was 7.5%.

In this research, ammonium concentration did not 
exceed 0.08 NNH4/dm3 in the effluent and stable nitri-
fication were obtained at the leachate hydraulic reten-
tion time (HRT) 2d. An effluent of similar quality with 
0.1 mg NNH40.1 mg NNH40.1 mg N /dm3 Zaloum and Abott  [23] have been ob-
served at the retention time of 3.2 d but at four-fold lower 
nitrogen concentration. For raw leachate containing high 
concentration of organic substances (12 760 mgCOD/dm3) 
and nitrogen (218 mgN/dm3) it is necessary to extend 
HRT to 20 d. According to Robinson and Carville (after 
Lo 1996) [24] in SBR reactors, although the favourable 
N/COD ratio  for the nitrification (1.08), in order to obtain 
high effectiveness of the process (99.8 %), the hydraulic 
retention time must not to be shorter than 20 d.  Compar-
ing nitrification rate obtained in the presented experiment 
with the results of the other authors (Fig. 8) it should be 
noted that leachate composition, especially N/COD ratio 
in the treated leachate determined the process. 

The research reported that under aerobic conditions 
over 90% (SBR 1-N) and 86% (SBR 2-N) of nitrogen was 
nitrified. The nitrogen amount for biosynthesis, stripping 

Fig. 6. The ratio between denitrification rate and nitrate reduc-
tion rate (YN-NOYN-NOY

x/N-NO3
) versus methanol dosage (Cm).

�

���

���

���

���

�

���

� � � � �
�� ��� ������ �����

�
�

��
�

��
�

��
�

�

���

���

���

���

���

���

� � � � �

�� ��� �����������

�
�

��
��

�
�

��
�

�
��

��
�

�

��
��

�
�

�

�������� ��������

Fig. 7. Yield methanol  coefficients  (Ym/N-NOYm/N-NOY
3
  and Ym/N-NOYm/N-NOY

x
) ver-

sus  methanol dosage (Cm).

� � ������� ������ ���� � � ������� ������ ����
� � ��� ���������� � � ����� �� ���� ����

�

��

���

���

���

���

���

� ��� ��� ��� ��� �

����� �� ��������

��
�

��
��

�
��

�
��

��
��

��

��
�

�
�

�
��

��
��
��

� �

�

�

Fig. 8. Ammonium removal rate versus N/COD in treated leachate 
(according to some authors).
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and the nitrogen loss did not exceed 10% (SBR 1-N) and 
14% (SBR 2-N). Results in the literature indicate that in 
the leachate both the use of nitrogen for biosynthesis [8] 
and the nitrogen loss caused by ammonia stripping [9] are 
diversified and in extreme cases can achieve almost 100%. 

In our experiments methanol and nitrate concen-
trations decreased near linearly with time. Similarly, 
Timmermans and van Haute [26] indicated that in pure 
culture of Hyphomicrobium sp. the denitrification rates 
have been described with zero-order kinetics with respect 
to the carbon source and nitrate. It was showed that nitrate 
reduction rate (rN-NO3rN-NO3r ) depended on methanol dosage and 
it ranged from 45 to 73.4 mg NNO3/dm3.h, whereas the 
denitrification rate (rN-NOxrN-NOxr ) was almost on the same level 
of approximately 42.2 mg NNOx/dm3.h. 

Data in literature indicate that accumulation of ni-
trite is strongly affected by species composition culture, 
oxygen and substrate concentrations. Loukidou and 
Zouboulis [27] indicated that the rate of denitrification 
depends on the supply of an adequate concentration of 
carbon source for denitrifying microorganisms. Doyle et 
al., [28] during the investigations in SBR reactors under 
anoxic conditions proved that denitrification rate depends 
on carbon source. In cases of acetate and methanol the 
rates were adequately 1.5-times (16.25 mgN/dm3.h) and 
1.7-times (14.58 mgN/dm3.h) lower in comparison to mal-
tose (25 mgN/dm3.h). In our experiment, at the optimal 
methanol dosage (3.6 mgCOD/mgNNO3), denitrification rate 
(rN-NOxrN-NOxr ) was 40.2 mg NNOx/dm3.h.

In presented researches the highest yield methanol coef-
ficients Ym/N-NOxYm/N-NOxY  were obtained for dosages 3.6 mg COD/mg m/N-NOx were obtained for dosages 3.6 mg COD/mg m/N-NOx
NNO3 NNO3 N and 5.4 mg COD/mg NNO3and 5.4 mg COD/mg NNO3and 5.4 mg COD/mg N . Lower values of the coeffi-
cient for dosages 1.8 mg COD/mg NNO3 cient for dosages 1.8 mg COD/mg NNO3 cient for dosages 1.8 mg COD/mg N and 7.3 mg COD/mg 
NNO3NNO3N  may indicate that nitrogen oxides were the products of 
denitrification. Itokawa et al., [29] reported nitrous oxide 
production in high-loading biological nitrogen removal 
process under low COD/N ratio condition. In steady-state 
operation, 20-30% of influent nitrogen was emitted as N2O 
in the bioreactors with influent COD/N ratio less than 3.5. 

In our experiment methanol demand was about 3.6 mg 
COD/mg NNO3COD/mg NNO3COD/mg N . Literature data concerning external carbon 
source demanding for denitrification are not unambigu-
ous. From the investigations carried out by Grabińska-
Łoniewska [30] in activated sludge it results that metha-
nol demanding for denitrification was 3.03 g CH3OH/g 
NNO3 (4.48 mg COD/mg NNO3). Christensson et al., [31] 
compared methanol demanding of activated sludge and 
pure denitrifying cultures isolated from activated sludge. 
They indicated that methanol demand was on a similar 
level (4.45 and 4.1 g COD/g NNO3). Doyle et al., [28], 
studying leachate treatment in SBR reactors under anoxic 
conditions, found that for complete nitrate reduction the 
COD/NNO3 ratio should be higher than 7. 

Conclusions 

The results of the study can be summarized as follows:
1. Complete nitrification in the SBR was possible at 

leachate hydraulic retention time 2d, the average 
ammonium concentration in the effluent 0.08 mg 
NNH4/dm3. Determined ammonium removal rate was 
on the level of 20 mg NNH4/dm3.h,

2. The yield coefficient nitrogen removal from leachate 
(YN-NOx/N-NO3YN-NOx/N-NO3Y ) depending on methanol dosage was lin-
ear with k coefficient  - 0.057, k coefficient  - 0.057, k

3. Determined yields methanol coefficient Ym/N-NOxYm/N-NOxY  was 
3.6 mg COD/mg NNOx and was in accordance with 
theoretical demand, which indicates that the final de-
nitrification product was molecular nitrogen. A lower 
than theoretical yield coefficient for dosages 1.8 mg 
COD/mg NNO3 and 7.3 mg COD/mg NNO3 indicates 
that the products of denitrification may be nitrous 
oxides.
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