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A nitrification/denitrification system was proposed for treatment of leachate from a municipal solid waste 
landfill. The system consists of ammonia oxidization by using a "Micro-Bubble" (MB) aeration and 
denitrification with the aid of fatty acid compounds (FAC). A water quality model was devised to describe 
hydraulic and biological behaviors of the relating substances. Assuming a biochemically equilibrium state, 
solutions for nitrification and denitrification rates and concentration of each nitrogen component are obtained for 
a given operating condition such as leachate loading rate, MB aeration discharge and amount of FAC. An 
operating condition for achieving the highest performance of nitrogen removal was proposed based on the water 
quality model. 

 

1 INTRODUCTION  

With the rapid growth of socioeconomic activities in the twentieth century in Japan, a huge amount of municipal 
solid waste was landfilled with no treatment in more than 1,500 disposal landfills until 1970. About 70% of them 
are located in mountain areas. Accordingly, leachate yielded from the landfills may bring significant pollution to 
downstream areas, if no treatment is performed before releasing it to receiving streams. In our study site of a 
municipal solid waste landfill, a primary pollutant in the leachate is ammonia nitrogen NH4-N. At the moment, 
the leachate is treated in a plant by using a biological nitrification/denitrification process more than 40 years after 
finishing the landfill. The landfill yielded leachate with nitrogen concentration exceeding 500 T-Nmg/l during 
the first ten years. Although it has recently decreased to a lower level of 60~100 T-Nmg/l, it is still unstable and 
exceeds the target level 60 T-Nmg/l, from time to time. Since the plant is already aging, it is no longer 
technically and economically feasible to continue treatment in the present plant. Our goal is to develop a new 
technology of nitrogen removal as an alternative measure of leachate treatment with a less labor- and energy 
consuming system than the present one. 

Biological treatment of nitrogen generally consists of two stages; nitrification and denitrification processes 
(e.g. Borzacconi, 1999). Nitrification is the process in which ammonium or ammonia is oxidized into nitrite by 
ammonia-oxidizing bacteria (AOB). The nitrite is further oxidized into nitrate by nitrite-oxidizing bacteria 
(NOB). Denitrification is the process which reduces nitrates to nitrogen gas with the aid of denitrifying bacteria 
(DB). Performance of nitrogen removal from landfill leachate was investigated by using a sequencing batch 
reactor (SBR) after ozone oxidization (Diamadopoulos et al., 1997). A system which combined an anaerobic 
sequencing batch reactor (ASBR) with the pulse sequencing batch reactor (PSBR) was proposed by Zhu et al. 
(2012).  Many other technologies were proposed for removing nitrogen, such as a rotating biological contactor 
(RBC) (e.g. Cema et al., 2007), membrane biological reactors (e.g. Hasar et al., 2009), ion exchange resins 
technique (Bashir et al., 2010), constructed wetlands (Polprasert et al., 2006) and so on. Jokela et al (2002) are 
among those who focused their attention on an energy saving treatment system. Despite these studies provided 
indispensable information on state of the arts technology, not small expense of energy and labor are needed for 
operation and management of these types of treatment system. The technologies are economically feasible in a 
case of young landfill in which the sewage dumping still goes on and high concentration of nitrogen is loaded. 
However, it is no longer the case with aged landfills similar to the present one in which the nitrogen 



concentration decreased less around 
than 100mg/l. Since the aged landfills 
will be absolutely increased in the next 
era, a labor- and energy saving 
treatment must be more required for 
meeting demand of society. 

In this paper, a new technology of 
leachate treatment is proposed, which consists of two-step 
processes of nitrogen removal. The first step is conversion 
of ammonia to nitrate by using "Micro-Bubble" (MB) 
aeration. The second step is denitrification, which is 
achieved with the aid of fatty acid compounds (FAC) as 
hydrogen donor. The authors have developed a MB 
aeration system for purifying anoxic hypolimnetic water in 
reservoirs (Michioku, 2014). In the last few years, 
laboratory and field experiments on the MB aeration 
system have been carried out to examine its nitrification performance of leachate (Inoue et al., 2013, Michioku, 
2014). Denitrification of leachate was experimentally investigated in a test column filled with FAC in Figure 5. 
An excellent performance of FAC was confirmed in denitrification, where the FAC functions as hydrogen donor 
and carbon source to nourish heterotrophic bacteria (Michioku et al., 2012). Based on the experimental results, a 
water quality model was developed in order to formulate the nitrification process by taking the related 
parameters such as dissolved oxygen, bacteria, ammonia, nitrite, nitrate and dissolved organic matters into 
consideration (Michioku et al., 2010). After identification of model parameters, time-dependent behaviors of 
water quality were successfully reproduced by the model. Both the nitrification with MB and the denitrification 
with FAC are new concepts of biological treatment with minimum consumption of energy, resources and labor. 

The present study is to integrate the nitrification and denitrification system, where a MB aeration tank is 
directly connected to an anaerobic denitrification reactor. In this system, both of nitrification and denitrification 
simultaneously take place in the same plant. It is expected that the proposed system needs less energy and labor 
for operation than the conventional technology, since the system is considerably simplified by unifying the two 
steps of nitrogen removal. A simultaneous algebraic equation system for conservation of the relating substances 
is solved to obtain concentrations and reaction rates of water quality components in a hydraulically and 
biochemically equilibrium state. Theoretical solutions are 
obtained for various conditions of leachate loading 
discharge Q (m3/day), MB aeration discharge QO (m3/day) 
and amount of FAC AF (m2). Operating conditions (Q, QO, , 
AF) that bring the highest performance of nitrogen removal 
is proposed by performing an optimization analysis. 
Operation of the proposed plant could be optimized in this 
manner.  

 

2 PROPOSED SYSTEM OF NITROGEN REMOVAL  

A concept of the nitrogen removal system is illustrated in Figure 1. Leachate is continuously loaded to the MB 
aeration tank with a constant discharge Q. According to the field data, the raw leachate is considered to be 
composed only of ammonia nitrogen NH4-N. It is oxidized into nitrite NO2-N and further to nitrate NO3-N in the 
tank, where the aeration discharge QO is the most dominant parameter affecting nitrification. The effluent from 
the aeration tank is transported to the second reactor, i.e. the denitrification reactor, in which carriers coated by 
FAC are filled in the container. FAC used in our laboratory and field experiments is the TR-AMNO101 
developed by PANASONIC (Murasawa et al., 2002) that functions as a hydrogen donor. FAC were coated on 
cotton spheres in the laboratory experiment and on plastic carrier elements in the field experiment as shown in 
Photo 1. FAC is expected to function not only as a carbon source but also as microbe-bound carriers for 
nourishing the heterotrophic bacteria. In the denitrification reactor, the total surface area of FAC defined as FA is 
the most important parameter. 

The treatment performance is measured by degrees of nitrification 1 and denitrification 3 defined by 

 
(a) FAC used in 
laboratory test 

(b) FAC in in-situ 
experiment 

Photo 1.  Carrier elements coated by fatty acid 
compounds, FAC, "TR-AMNO101 

  
Figure 1.  Schematic of integrated nitrogen removal system. 

Table 1.  Components analyzed in the model. 
 

k Variables Component 
1 NH4-N Ammonia nitrogen 
2 NO2-N Nitrite nitrogen 
3 NO3-N Nitrate nitrogen 
4 PO4-P Phosphate phosphorus 
5 BNH4 Ammonia-oxidizing bacteria 
6 BNO2 Nitrite-oxidizing bacteria 
7 BND Denitrifying bacteria 
8 CO Organic matter originated from leachate 
9 CF Organic matter released from FAC 
10 BC Bacteria oxidizing organic matter  
11 DO Dissolved oxygen 
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where [NH4-N]I and [NH4-N] are concentration of NH4-N before and after the nitrification, respectively, and 
[NO3-N]I and [NO3-N] are concentration of NO3-N before and after the denitrification, respectively.  
 

3 WATER QUALITY MODEL 

As listed in Table 1, eleven components of substances are analyzed.  Let the concentration of each component in 
the reactor to be Ck (k=1, 2, ･･･ N), a general expression for mass conservation in the reactor is described as 
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where t is time, N=11 is the total number of components, V is the volume capacity of reactor, Q is the loading 
rate or treatment discharge, Sk is the reaction rate and i

kC  is the inflow concentration of the k-th component, 

where i=0 for the MB aeration tank and i=1 for the denitrification reactor, respectively (see Figure 1). 
Most of the biochemical reactions are described by means of the Michaelis-Menten kinetics. A few 

examples of Sk terms are shown as follows. 
(a) Nitrite nitrogen (k=2): S2 
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where RNx is the production and consumption rates at a reference condition, fNx(T) is the temperature control 
functions, BNx is the concentration of nitrogen-oxidizing bacteria and DNx and CNx are the corresponding half 
saturation constants, respectively. 

(b) Nitrate nitrogen (k=3): S3 
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where variables subscripted with "ND" denote parameters corresponding to denitrification. The heterotrophic 
bacteria could be nourished both by organic carbon originated from the leachate CO and that from FAC CF. 
Therefore, both of the two carbon sources contribute to denitrification as formulated in the last term in Eq. (4), 
where the weighting coefficients (1, 2) are defined to be 1+2=1.  

(c) Denitrifying bacteria (k=7): S7 
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where the growth rate of denitrifiers is considered to depend proportionally on the surface areas both of FAC and 
reactor, where biofilms are formed. AF and AW are the total surface areas of FAC and the reactor wall, 
respectively. Model parameters are identified by the authors' laboratory data. 

Eq. (2) describes mass conservation in an unsteady state, which is to give time-dependent solutions of water 
quality Ck.  Solutions for a steady state that are uniquely determined from a given operating condition analysis 
are needed in order to evaluate the treatment performance. Therefore, a biochemically equilibrium state is 
assumed and analyzed by equating dCk/dt=0 in Eq. (2). An equation system is then constructed as follows. 
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Since Eq. (6) consists of eleven sets of non-linear algebraic equations, i.e. N=11, with eleven unknown 
variables, Ck (k=1, 2, ･･･, N), the equation system is mathematically closed. They are solved by the Newton-
Raphson method in an iterative manner to obtain solutions for Ck. The treatment flux Fk and treatment degree k 
of the k-th component of substances are defined in terms of the solutions as follows. 
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The analysis is performed with a reference water temperature of T=20°C. 
 

4 ANALYSIS ON NITRIFICATION 

Referring to our laboratory experiment on nitrification, the analytical condition is considered so that volume 
capacity of the MB aeration tank is V=1m3, inflow concentration of NH4-N is [NH4-N]i =50mg/l, the leachate 
loading discharge ranges between Q= 0.1~1.0 (m3/day) and the aeration discharge is between QO=0.0~0.763 
m3/day, respectively. Here, QO=0.763 m3/day corresponds to the maximum aeration discharge achieved in the 
experiment, where leachate was fully saturated with oxygen.  

A preliminary analysis is conducted for two special cases, i.e. (i) Q=0.1~1.0 m3/day with QO=0.763 m3/day 
and (ii) Q=300 ml/min =0.432 m3/day with QO=0.0~0.763 m3/day, respectively. The former is the cases for 
examining dependency of nitrification performance on Q. The latter is the cases for investigating how 
nitrification is affected by the MB aeration, where Q=0.432 m3/day is approximately equivalent to a discharge 
providing the annual average of hydraulic retention time, HRT, in the prototype leachate impoundment. 

Figure 2 shows solutions as functions of Q under the completely aerobic condition of QO=0.763 m3/day.  
Figure 2(a) documents that most NH4-N is oxidized into NO3-N when Q is small, since the residence time or 
HRT is large enough. On the other hand, less NH4-N is nitrified with increased Q or decreased HRT. Little nitrite 
NO2-N is detected for all range of Q, which indicates that NH4-N is very quickly converted to NO3-N without 
being left as an intermediate product under such an aerobic condition. The volumetric nitrification rate is defined 
from Eq. (6) as F1/V= Q([NH4-N]i- 
[NH4-N])/V=S1. S1 is plotted in Figure 
2(b) in which alternative definition of 
nitrification rate, i.e. -F3/V= Q([NO3-
N]i- [NO3-N])/V=-Q[NO3-N]/V=-S3 is 
compared. Both curves are very close 
together, which suggests again that 
ammonia is very quickly oxidized 
into nitrification without producing 
nitrite. Although S1 proportionally 
increases with Q for small Q, it 
asymptotically approaches a constant 
value as Q increases. The result 
suggests that S1 is restricted by an 
upper limit due to high-loading of 
leachate with large treatment 
discharge Q. 

The solutions are plotted with 
the aeration discharge QO for 
Q=0.432 m3/day in Figure 3. It is 
recognized that NH4-N is scarcely 
nitrified when QO is small but is 
increasingly nitrified as QO increases. 
NH4-N is mostly oxidized into NO3-N for 
QO>0.4 m3/day but the nitrification rate S1 
or -S3 does not increase so much after 
QO>0.4 m3/day, in which it approaches to 
a constant value around 18 mg/l/day.   

Moreover, the analysis is carried out 
for all ranges of (Q, QO). Solutions of the 
nitrification rate S1 (mg/l/day) and the 
nitrification degree1 (%) defined by Eq. 
(1) are plotted in the (Q, QO) plane in 
Figure 4. Figure 4(a) shows an increasing 
tendency of S1 both with Q and QO. On 

(a) Concentrations of nitrogen 
components and oxidizing bacterias 
as functions of  Q. 

 

  
(b) Nitrification rates [S1, -S3] verus Q. 

 
Figure 2.  Dependencies of 

nitrification on leachate 
loading discharge Q 
(QO=0.763 (m3/day)). 

(a) Concentrations of nitrogen 
components and oxidizing bacterias 
as functions of QO. 

 

  
(b) Nitrification rates [S1, -S3]  verus QO.

 
Figure 3.  Dependencies of 

nitrifiation on the MB 
aeration discharge QO 
(Q=0.432 (m3/day)). 

    
(a) Nitrification rate S1 (b) Nitrification degree 1  

Figure 4.  Dependencies of nitrification rate S1 and degree 1 on Q 
and QO. 



the other hand, 1 in Figure 4(b) does not show a monotonically increasing 
behavior with the two parameters. It is indicated from the figure that a superior 
peformance of nitrification is limited in a range of small Q or large HRT, in other 
words, higher performance cannot be expected in a high-loaded condition where 
the leachate brings too much loading compared to the treatment capacity.   
 

5 ANALYSIS ON DENITRIFICATION 

The parameters with the most dominant effect on denitrification are the leachate 
loading discharge Q and the total surface area of FAC AF. A functional 
relationship of denitrification with Q and AF is investigated by using the water 
quality model. Referring to our laboratory experiment conducted in a test column 
of Figure 5, the analysis is performed with conditions of column's volume 
capacity V=0.001m3 and ranges of Q and AF typically observed in the experiment. 
FAC assumed in the analysis is the one in Photo 1(a). In the same manner as the 
case of nitrification, inflow concentration is considered to be [NO3-N]i =50mg/l 
and [NO2-N]i =[NH4-N]i=0mg/l.  

Figure 6 shows how denitrification process is influenced by Q, where AF is kept to be AF=0.4 (m2). Figure 
6(a) shows that little NO3-N is left for small Q, because NO3-N is mostly converted to N2 gas under a long 
residence time, while more NO3-N is left unreduced as Q increases. The organic carbon originated from the raw 
leachate CO is scarcely consumed, while carbon released from FAC CF is more biodegradable and consumed for 
nourishing the denitrifying 
bacteria. The denitrification rate 
S3 in Figure 6(b) has an 
increasing tendency with Q for 
small Q, but it starts decreasing 
after taking the maximum value 
around Q= 0.008m3/day. It 
suggests that denitrification is 
primarily controlled and 
accelerated by NO3-N load in a 
range of Q< 0.008m3/day, while 
NO3-N is over-loaded and left 
untreated when Q is larger than 
0.008 m3/day.   

Figure 7 is a dependency of 
denitrification process on AF for a 
constant discharge Q=00115 
m3/day. According to Figure 8(a), 
more NO3-N is consumed with 
larger surface area of FAC. By 

performing the analysis for all ranges of 
(Q, AF), the denitrification rate S3 and 
the denitrification degree3 are plotted 
in the (Q, AF) plane in Figure 8. Similar 
to the case of nitrification, S3 
monotonically increases both with (Q, 
AF) (see Figure 8(a), but 3 beyond 70-
80% is achieved only in a range of 
small treatment discharge Q or a large 
residence time HRT (see Figure 8(b). 
The result suggests that it cannot be 
expected to promote denitrification only 
by increasing Q. 

    
 (a) Denitrification rate S3 (b) Denitrification degree 3  

Figure 8. Dependencies of nitrification of rate S1 and degree 3 on Q 
and AF. 

 
Figure 5.  Test column used 
in a laboratory experiment. 

  
(a) Concentations of NO3-N, carbons (CO, 

CF) and bacterias as functions of AF. 
 

 
(b) Denitrification rate S3 verus AF.  

Figure 7. Dependency of 
denitrification on AF (Q =00115 
(m3/day)). 

  
(a) Concentations of NO3-N, carbons (CO, 

CF) and bacterias as functions of Q. 
 

 
(b) Denitrification rate S3 verus Q.  

Figure 6.  Dependency of 
denitrification on Q (AF=0.4 
(m2)). 



6 PERFORMANCE OF THE INTEGRATED NITROGEN REMOVAL SYSTEM 

Extending the individual analyses on nitrification and denitrification, performance of the nitrogen removal is 
analyzed for the integrated treatment system in Figure 1. A virtual denitrification reactor with dimensions of 
1m×1m×1m is assumed, which has the same volume capacity V=1m3 as the MB aeration tank but a thousand 
times larger than the test column in Figure 5. FAC considered in the analysis is the one shown in Photo 1(b). The 
maximum total surface area of FAC is considered to be AF=100 m2 that is 100 times larger than that in Figure 1. 
Again, it is assumed that the total nitrogen T-N is composed only of NH4-N in the raw leachate, i.e. C0 ≡ [T-
N]0=[NH4-N]0. T-N in the effluent from the aeration tank is approximated by C1 ≡ [T-N]1=[NH4-N]1+[NO3-N]1, 
because little nitrite NO2-N is detected in the tank as already mentioned in the analysis. [T-N]1 is the inflow 
concentration of the denitrification reactor. In the same manner, T-N in the effluent after the denitrification 
reactor is defined as C2 ≡ [T-N]2=[NH4-N]2+[NO3-N]2. The analysis is carried out with the inflow leachate 
concentration of [NH4-N]0=120 mg/l that is approximately equivalent to the maximum load which typically 
occurs every year. Note again that the acceptable concentration of T-N in the effluent is [T-N]2<60 mg/l. 

Two cases of analysis are performed. In Case-1, a completely aerobic condition is supposed in the MB 
aeration tank so that DO never limits nitrification. The analysis is to show how nitrogen removal depends on (Q, 
AF) under the maximum aeration discharge QO=0.763m3/day. In Case-2, extending the discussion in Case-1 to 
various cases of aeration discharge QO, an optimum scenario for operating condition (Q, QO, AF) is analyzed for 
achieving the best performance of nitrogen removal. The analytical conditions are Q=0.1~1.0 m3/day, QO=0.0～
0.763 m3/day and AF=1~100 m2, respectively. 

 

6.1 Case-1: a special case with full-power MB aeration  

Figure 9 shows how Q and AF affect nitrogen removal under the maximum aeration discharge of 
QO=0.763m3/day. Figure 9(a) is T-N concentration in the effluent [T-N]2 plotting against (Q, AF), where the 
water quality standard [T-N]2=60mg/l is highlitened.  [T-N]2 is always larger than 60mg/l for Q>0.75m3/day. [T-
N]2 is less dependent on AF in the upper left part of the figure, which suggests that increase of FAC does not 
always function in reducing T-N in this range of AF. Contours of nitrification degree  in Figure 9(b) are 
parallel vertical lines, showing that  is kept constant independently of AF and monotonically decreases as Q 
increases. Figure 9(c) denotes that the 
nitrification degree  increases with AF 
and decreases with Q. 

For removing nitrogen most 
efficiently, nitrification and denitrification 
degrees should be balanced with each 
other, which leads to the first constraint 
condition, i.e. 1=3. Otherwise, in a case 
of 1>>3, too much NO3-N is produced 
in the aeration tank, which results in over-
loading of NO3-N in the denitrification 
reactor and eventually most of them are 
left unreduced.  On the contrary, in 
another extreme case of 1<<3, the 
aeration tank cannot supply enough NO3-
N as a source of denitrification and 
eventually denitrification is not 
accelerated. The second constraint 
condition for the treatment is the water 
quality standard of effluent, i.e. [T-N]2=60 
mg/l, as mentioned before. 

According to the argument, it is 
discussed how to determine the best 
combination of (Q, AF) that satisfies the 
two constraint conditions. As illustrated 
in Figure 1, the concentration of each 

    
(a) T-N in effluent [T-N]2 (b) Nitrification degree   

   
(c) Denitrification degree  (d) (Q, AF) giving [T-N]2 =60 

mg/l and ==70.7% 
 

Figure 9.  Influence of (Q, AF) of nitrogen removal under the 
maximum aeration discharge of QO=0.763m3/day. 



component varies from the (i) inflow C0 through the (ii) effluent from 
the MB aeration tank C1 and finally to the (iii) effluent from the 
denitrification reactor C2. Consider NH4-N and NO3-N in the three 
treatment stages as summarized in Table 2. In the analysis, 
concentrations of NH4-N and NO3-N in the inflow leachate were 
considered to be x0=120 and y0=0 mg/l, respectively. In the aeration 
tank, NH4-N is nitrified into NO3-N and their concentrations should vary from x0 to x and from y0 to (x0-x), 
respectively. In the analytical model, concentration of T-N is kept to be x0 in the aeration tank. In the 
denitrification reactor, no reaction takes place in NH4-N, while some fraction of NO3-N is reduced to N2. Let us 
consider that concentration of NO3-N decreases from x0-x to y in the cource of denitrification. Describing 1 and 
3 in terms of x0, x and y, the first constaint condition, = is given by 

(%)100
)(

(%)100
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The second constraint condition, i.e. [T-N]2=60 mg/l, is given by 
x+y=60 mg/l (9) 

Solving Eqs. (8) and (9), solutions for (,  and (x, y) are obtained as follows. 
1=3= 70.7 % [x, y]=[35.1, 24.9] mg/l (10) 

A graphical presentation of Eq. (10) is shown in Figure 9(d). The intersection of the three contour lines, [T-
N]2=60 mg/l, 1= 70.7 % and 3= 70.7 %, from Figures 9(a), (b) and (c), respectively, provides solutions 
Q=0.58m3/day and AF =40.0 m2. In this case, concentrations of T-N, NH4-N and NO3-N in the effluent are found 
to be ([T-N]2, [NH4-N]2, [NO3-N]2)=(60.0, 35.1, 24.9) mg/l, respectively, which corresponds to the set of (Q, AF) 
giving the highest efficiency of nitrogen removal under the maximum aeration discharge QO=0.763m3/day. 
 

6.2 Case-2: a general case in various discharge of MB aeration  

In order to find an optimum operating condition which satisfies the two constraint conditions, 1=3 and [T-
N]2=60 mg/l, the analysis is performed for three cases, QO=0.191, 0.382 and 0.572 m3/day, in addition to 
QO=0.763m3/day in Case-1. Figure 10 shows 
functional relationships between Q and AF in the 
four cases of QO. For a given aeration dicharge 
QO, Q and AF that satisfy [T-N]2=60 mg/l, 
1=70.7% and 3=70.7% are plotted in Figures 
10(a), (b) and (c), respectively. Overlaying them 
in a (Q, AF) plane, the intersections for the four 
cases of QO are obtained and plotted as shown in 
Figure 10(d). Fortuntely, by coincidence Q and 
AF are approximately in a linear proportional 
relationship. In this manner, the optimum 
dimensions of the treatment discharge, Qopt, and 
the amount of FAC, AF

opt, are finally obtained for 
various QO.  Qopt and AF

opt are shown as functions 
of QO in Figure 11, which may help us in 
determining dimensions and operating conditions 
for the treatment facility. 
 

7 CONCLUDING REMARKS 

By using a water quality model, nitrogen removal 
in a leachate treatment system is investigated, 
where the system consists of a micro-bubble 
aeration tank and a denitrification reactor filled 
with carriers coated by fatty acid compounds 
FAC. In the water quality model, a simultaneous 
equation system is formulated in order to 

Table 2.  Variation of concentration in 
in the treatment process (mg/l). 

  C0 C1 C2

(A) NH4-N x0 (=120) x x 
(B) NO3-N y0 (=0) x0-x y 
(A+B) T-N x0+y0= x0 x0 x+y

    
(a) Q and AF giving [T-

N]2=60mg/l 
(b) Q and AF giving 
=70.7% 

 

    

(c) Q and AF giving 
=70.7% 

(d) Q and AF  giving [T-
N]2=60mg/l and 
==70.7% 

 
Figure 10.  Functional relationships between Q and AF 

which satisfy the constraint conditions for the optimum 
operation, i.e. [T-N]2=60 mg/l, 1=3=70.7%, for the 
four different cases of aeration discharge QO. 



describe biochemical and hydraulic balances in the nitrification and 
denitrification processes. The equation system is theoretically solved 
and solutions for nitrification and denitrification degrees and 
concentrations of water quality components are given as functions of 
leachate loading discharge Q, MB aeration discharge QO and amount of 
FAC AF. By applying the model, an optimization analysis is performed 
in order to find the most suitable operating condition providing the 
highest performance of nitrogen removal. According to the analysis, 
nitrification and denitrification degrees are recommended to be 
1=3=70.7% which satisfies the water quality standard for effluent, 
[T-N]2<60 mg/l. The optimum values for Q and AF are proposed as 
functions of QO. The best conditions for operating the plant are 
determined in this manner, so that the highest performance of nitrogen 
removal and minimum consumption of energy expense could be 
achieved. The proposed concept of optimization may contribute to planning, designing and operating a prototype 
of the treatment system. 
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Figure 11.  Functional dependencies 
of the optimum treatment discharge, 
Qopt, and the amount of FAC, AF

opt, 
on the aeration discharge, QO. 


