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ABSTRACT: A sequential batch reactor with suspended biomass and useful volume of 5 L was
used in the removal of nutrients and organic matter in workbench scale under optimal conditions
obtained by central composite rotational design (CCRD), with cycle time (CT) of 16 h (10.15 h,
aerobic phase, and 4.35 h, anoxic phase) and carbon: nitrogen ratio (COD/NO;-N+NO3™-N) equal
to 6. Complete cycles (20), nitrification followed by denitrification, were evaluated to investigate
the kinetic behavior of degradation of organic (COD) and nitrogenated (NH;"-N, NO,-N and NO3-
N) matter present in the effluent from a bird slaughterhouse and industrial processing facility, as
well as to evaluate the stability of the reactor using Shewhart control charts of individual measures.
The results indicate means total inorganic nitrogen (NH;-N+NO;-N+NOs-N) removal of
84.32+1.59% and organic matter (COD) of 53.65+8.48% in the complete process (nitrification-
denitrification) with the process under statistical control. The nitrifying activity during the aerobic
phase estimated from the determination of the kinetic parameters had mean K; and K, values of
0.00381+0.00043 min™ and 0.00381+0.00043 min™, respectively. The evaluation of the kinetic
behavior of the conversion of nitrogen indicated a possible reduction of CT in the anoxic phase,
since removals of NO,-N and NOs-N higher than 90% were obtained with only 1 h of
denitrification.

KEYWORDS: nitrifying activity, kinetic constants, nutrient removal, quality control, processing
capacity.

COMPORTAMENTO CINETICO DA NITRIFICACAO EM UM REATOR EM
BATELADAS SEQUENCIAIS USADO NO POS-TRATAMENTO DE EFLUENTE
AVICOLA

RESUMO: Um reator em bateladas sequenciais com biomassa em suspensdo e volume 0til de 5L,
aplicado para remocdo de nutrientes e matéria organica, foi operado em escala de bancada, nas
condi¢Oes Otimas obtidas a partir de um delineamento composto central rotacional (DCCR), tempo de
ciclo (TC) de 16 h (10h15 fase aerobia e 4h35 fase anoxica) e relagdo carbono:nitrogénio (DQO/N-NO;
+N-NO3) de 6. Avaliaram-se 20 ciclos completos, nitrificacdo seguida de desnitrificacdo, com o
objetivo de efetuar o estudo do comportamento cinético de degradacdo da matéria organica (DQO) e
nitrogenada (N-NH,", N-NO; e N-NO3") presentes no efluente proveniente do abate e industrializagéo
de aves, bem como avaliar a estabilidade do reator através de graficos de controle Shewhart para
medidas individuais. Os resultados apontaram valores médios de remocao de nitrogénio inorganico total
(N-NH;"+N-NOy;+N-NO3) de 84,32+1,59% (C.V.=1,89%) e de matéria organica (DQO) de
53,65+8,48% (CV= 15,81%), no processo completo (nitrificacdo-desnitrificacdo), estando o processo
sob controle estatistico. A atividade nitrificante estimada, durante a fase aerobia, pela determinacdo dos
parAmetros cinéticos, apresentou valores médios para K; e K, de 0,00381+0,00043 min™ e
0,00249+0,00056 min™, respectivamente. A avaliagdo do comportamento cinético de conversio do
nitrogénio indicou possivel reducdo no TC da fase andxica, uma vez que foram alcancadas remocdes de
N-NO, e N-NOj’, superiores a 90%, em apenas uma hora de desnitrificacéo.

PLAVRAS-CHAVE: atividade nitrificante, constantes cinéticas, remocdo de nutrientes, controle
de qualidade, capacidade de processo.
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INTRODUCTION

Nitrogen occurs as many compounds due to its various oxidation states, allied to the fact that
many changes can be provoked by living organisms. In the environment, nitrogen is found more
frequently as ammonia (NH3), ammonium ion (NH4"), nitrate (NO3), or gaseous nitrogen (N,). The
ammonia-ammonium equilibrium equation is NH;" <> NH3 + H*. According to WIESMANN et al.
(2007), for acid pH values, the concentration of H* increases and at pH below 7, ion ammonium
predominates. At basic pH, the concentration of H* decreases and at pH over 11, practically all
ammoniacal nitrogen occurs as gaseous ammonia.

Traditionally, the elimination of nitrogen from wastewaters is performed by biological
processes involving nitrification followed by denitrification. In nitrification, according to LI &
IRVIN (2007), ammonia or ammonium ion is oxidized to nitrite by ammonia oxidizing autotrophic
bacteria, during nitritification; next, nitrite is oxidized to nitrate during nitratification. During
denitrification, nitrate is converted to gaseous nitrogen, with nitric oxide (NO) and nitrous oxide as
possible intermediates (N,O). According to JULIASTUTI et al. (2003), nitrification is the most
sensitive process among the processes of biological removal of nutrients from residual waters. The
autotrophic mass is approximately 10-fold more sensitive than the heterotrophic biomass.

The nitrifying process is carried out by two groups of bacteria. The first group belongs mainly
to the Nitrosomonas genus, being responsible for nitritation, and the second group, responsible for
nitration, belongs mainly to the Nitrobacter genus (HAMMER & HAMMER, 2007). According to
GRUNDITZ & DALHAMMAR (2001), because the bacteria responsible for nitrification are
limited to a few genera with slow cell growth, this process is more susceptible to inhibition.

Biochemically, the nitrification process involves more than the sequential oxidation of
NH;*/NH; to NH;/NH; by Nitrosomonas and NO, to NH;/NHs; by Nitrobacter. Several
intermediate reactions, enzymes, and coenzymes are involved in the process (GRADY et al., 1999).
Furthermore, the responses of the nitrifying bacteria to a series of factors, such as temperature, pH,
oxygen concentration, and substrate concentration, must be considered (FONTENOT et al., 2007,
SEIXO et al., 2004). This information is important for the design of nitrification systems and to
ensure that the nitrifying microorganisms are capable of presenting efficient metabolic activity
(FERREIRA, 2000). Knowledge of the kinetics of the nitrification and denitrification reactions is
essential for the design of reactors for the removal of nutrients from wastewaters, and so is the
choice of the type of process to be used, its particularities, and treatment characteristics.

The kinetic study of reactors, such as sequential batch reactors (SBR) can be done based on
the velocity of growth of the microorganisms, the consumption of the substrate, and the formation
of products, or by relating all these intrinsically related factors.

To evaluate the stability of the processes, MONTGOMERY (2004) suggests the use of
statistical control of quality to identify the problem points that hinder the process, in addition to
evaluate the behavior of the variability of the process. The variability can be controlled by means of
statistical tools, such as the Shewhart control charts for individual measures (WERKEMA, 1995).

This research aimed to investigate the kinetic behavior of degradation of carbonaceous
organic matter and nitrogenated matter present in the wastewater from a bird slaughterhouse and
processing industrial facility using an SBR and to evaluate the stability of the reactor using
Shewhart control charts for individual measures, and the kinetic profile of nitrification by
calculating the apparent kinetic constants K; and K.

MATERIAL AND METHODS
Sequential batch reactor and operating conditions

The experimental study was performed in workbench scale in the Medianeira campus of the
Federal Technological University of Parana, UTFPR. The 5-L working volume sequential batch
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reactor (SBR) was constructed using a polyethylene cylinder. The substrate used was wastewater
from a bird slaughterhouse and processing facility and cassava wastewater from a cassava meal
company. Initially, the reactor was inoculated with active sludge with a volatile solids suspended
(VSS) concentration of 2000 mg.L™ from another SBR. The system was kept in an acclimatized
room at 25 °C (1 °C), operating in cycles of loading, reaction (aerobic/anoxic), sedimentation,
unloading, rest.

In the aerobic phase, air was supplied by using air stones and a Big-Air pump, model A-420,
coupled to a flow meter for control of the air flow, set at 3 L.min™ for an effluent volume of 5 L.
The alkalinity and pH were initially corrected in this phase with sodium bicarbonate at the
proportion of 0.61 mg NaHCO3 per mg of oxidized NH,"-N (JANG et al., 2004). A mechanical
agitator running at 25 rpm was used in the anoxic phase.

During the cycles, the concentration of volatile suspended solids dispersed in the liquid mass
of the reactor (MLSSV) was kept at 2600.07+6.84 mg L. The dispersed MLSSV concentration
was fitted with a methodology based on optical density, which was determined with a 700-nm
spectrophotometer and with periodical sludge unloading at the end of each batch. A volume of
1.25 L of sludge was left in the reactor as an inoculant for the following stages, after the
sedimentation and unloading stages.

Analysis of the stability of the reactor with Shewhart control charts for individual measures

The process of biological removal of nutrients from the effluent from a bird processing
slaughterhouse was optimized using a star-type (oo = 45°) central composite rotational design
(CCRD) that comprised a factorial design (22) with levels (-1 and +1), axial points (-\2 and V2),
and five repetitions at the central point (0), giving the optimal condition with cycle time (CT) of
16 h and C/N ratio of 6.

Data were collected in 20 16-h cycles of treatment (960 min) using instantaneous loading and
CT of 10.15 h (610 min) for the aerobic phase, 4.35 h (260 min) for the anoxic phase, 1 h (60 min)
for the sedimentation phase, 0.1 h (6 min) for the unloading phase, and 0.4 h (24 min) for the rest
phase. The carbon:nitrogen ratio (COD/NO,-N+NO3™-N) was fitted to 6 in the beginning of the
anoxic phase by adding 560 mL of cassava wastewater with a COD of 6581.25+569.66 mL.

The stability of the process was evaluated through the removal of total inorganic nitrogen
(NH;"-N+NO,-N+NO3-N) and of organic matter (COD) in the complete process (nitrification-
denitrification). Evaluation was carried out with the Shewhart control charts for individual measures
and software MINITAB 15.0 and the mean values and amplitude obtained in the 20 assays that
were preformed. The lower control limit (LCL), the upper control limit (UCL), and the mean line
(X) were calculated for plotting the graphs with the methodology cited by MONTGOMERY
(2004).

Kinetics of removal of organic matter and nitrogen conversion

During the 16-h assays for the estimation of organic matter consumption and nitrogen
conversion in the SBR, samples were collected every hour with an 80-mL syringe. The samples
were centrifuged at 5000 rpm for 10 min (FONTENOT et al., 2007) to determine the chemical
demand of oxygen (COD) and the forms of nitrogen NH;"-N, NO,-N, and NO3™-N. Besides these
parameters, the pH, redox potential, the salinity and the temperature were also monitored.

The procedures described in the Standard Methods (APHA, 1998) were followed for total
ammoniacal nitrogen (Method 4500F) and the chemical demand of oxygen (Method 5220D).
Nitrate and nitrite were analyzed, respectively, by the cadmium and ferrous sulfate methods using
Hach kits for analysis of water and effluent (Hach, DR 2010). The pH, redox potential, salinity, and
temperature were measured with a multiparameter probe (model HI 769828, Hanna Instruments).
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Determination of the nitrifying activity

The conversion of ammoniacal nitrogen to nitrite and nitrate was determined by first-order
kinetic reaction in series with a single intermediate, according to the model described by
LEVENSPIEL (2000) [ammoniacal — N]—%—[NO; — N]—=—[NO; — N] based on the hypothesis

that inorganic carbon and oxygen are in excess and nitrogen is the only limiting factor.

The nitrifying activity was estimated by determining the kinetic parameters K; and Ky, based
on the fitting of the kinetic models represented by the equations of consumption of the substrate N-
NH;" (Eq. 2) as a function of the production of the oxidized forms (NO,-N and NOs™-N) in the
nitrification stages (Eg. 3) and nitratation (Eq. 4).

[ammoniacal — N]=[ammoniacal - N], -e™* 2)
et ot
[NOZ‘ - N]z [ammoniacal - N, k,| —— + (3)
K-k, Kk,
_ . kz —kyt kl —k,t
[NO3 —N]:[ammonlacal N,k |1+ ety L g (4)
kl_kZ kz_kl

RESULTS AND DISCUSSION
Characterization of the effluent treated in the studied SBR

Table 1 presents the results of organic matter consumption evaluated by the COD and the
removal of nitrogen evaluated by determination of the forms of nitrogen NH;"-N, NO,-N, and
NO3z™-N, as well as the mean values obtained for the other monitored parameters during the
experimental procedure, pH, temperature, redox potential, and salinity.

TABLE 1. Mean results obtained for the monitored parameters during the experimental procedure.
Affluent Aerobic Effluent Aerobic  Affluent Anoxic  Effluent Anoxic

Variable Phase Phase Phase Phase
NH,*-N (mg L™ 133.26+8.99 10.87+£2.07 12.23+2.08 10.45+1.96
NO,-N (mg L™ 5.90+2.00 57.00+9.38 47.00+9.65 4.95+0.60
NO5-N (mg L™) 11.80+3.65 178.03+28.24 137.50+26.23 8.21+1.06
COD (mg L™ 297.69+36.00 1544442460  1115.12+191.69  136.56+21.65
pH 7.23+0.19* 6.83+0.33 5.82+0.64* 7.61+0.12
Redox Potential (mV) -132.73+£15.97 99.33+23.78 218.38+27.36 -59.77+18.61
Salinity (%) 0.65+0.04 0.43+0.04 0.42+0.03 0.37+0.03
Temperature (°C) 22.75+1.68 26.35+1.18 24.91+1.12 26.59+1.04
Carbon: Nitrogen ratio 2.24+0.32 - 6.05+0.16 -

Avrithmetical means of 20 16-h cycles + standard deviation.*Uncorrected pH values, later correction kept pH in the range 7.5-8.0 in
the aerobic phase (nitrification) and at approximately 6.5 in the anoxic phase (denitrification).

From the results in Table 1, it can be conclude that the efficiency of removal of NH,"-N
during the nitrification stage varied from 89.51% to 93.71%, with a mean value of removal of
91.85+1.50% for CT of 10.15 h in the aerobic phase.

SEIXO et al. (2004) used an SBR to treat synthetic effluent and obtained a removal value
lower than the present value of 69.8% obtained for a Corg/N ratio adjusted to 3; however, the CT,
9 h, was shorter in the aerobic phase.

The C/N ratio (COD/NH,"-N) remained at 2.24+0.32 in the beginning of the nitrification
stage. In the nitrification processes, according to METCALF & EDDY (2003), for the good
performance of the nitrifying bacteria, this ratio must be lower than 3.
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Likewise, CARVALLO et al. (2002), found removal rates of NH,"-N of 65 and 99% for
different values of COD/NTK ratios between 1 and 8. For COD/NTK ratios lower than 3, they
obtained an N-NH," removal value of 99.4%.

The effect of the C/N ratio, in which the carbon is the biodegradable fraction of the organic
load, is one of the factors that affect the nitrification systems (FERREIRA, 2000). High
concentrations of organic matter afford favorable conditions for the development of heterotrophic
microorganisms, which compete with the autotrophic nitrifying organisms for oxygen and nutrients
(FIGUEROA & SILVERSTEIN, 1992).

ANDRADE et al. (2010) evaluated the factors air flow and concentration of ammoniacal N in
the nitrification of the effluent of a fish processing plant using SBR with HRT of 24 h, and
concluded through monitoring of nitrogen forms that 16 h was sufficient for nitrification to occur in
the best conditions that were evaluated.

The efficiency of removal of NO,-N and NO3™-N in the denitrification stage had mean values
of 88.93+3.09% and 93+3.09%, respectively, for the C/N ratio of 6.05 (£0.16) and a CT of 4.35 h in
the anoxic phase.

KUMMER (2008) used cassava wastewater as a carbon source in the denitrification of the
effluent of a fish processing facility in an SBR with CT of 24 h. Tests of different COD/NO3
(0.1;1.0;3.2;5.4 and 6.3) gave mean nitrite and nitrate removal rates of 66.7% and 85.6%,
respectively, for a COD/NOj of 6.3.

The removal of total inorganic nitrogen (NH4-N+NO,-N+NO3-N) in the complete cycle
treatment (nitrification-denitrification) with CT of 16 h ranged from 81.05% to 87.29%.

During the essays, parameters such as temperature, pH, redox potential, and salinity, were
also monitored, because they can influence the nitrification and denitrification processes.

The temperature of the wastewater in the reactor during the treatment cycles ranged from
22.75+1.68 to 226.59+1.04 °C, which favored the development of the nitrifying microorganisms.
According to BAE et al. (2002), the optimum temperature for the growth of nitrifying
microorganisms ranges from 30 to 35 °C. However, investigation of the treatment of shrimp
aquaculture effluent by FONTENOT et al. (2007) using an SBR at different temperatures (22; 28;
37 and 45°C) showed a similar performance for a wide range of temperatures, 22-37 °C, and
reductions over 89% of all species of nitrogen evaluated (nitrite, nitrate, and ammoniacal nitrogen).
High temperatures result in a high consumption of oxygen and high alkalinity, which are necessary
for nitrification; in contrast, low temperatures reduce the nitrifying activity.

In relation to the pH, according to WIESMANN et al. (2007), the microorganisms responsible
for nitrification develop better in slightly alkaline conditions, in the range from 7.2 to 8.0. To obtain
these conditions, the pH was adjusted in the beginning of the aerobic phase to values between 7.5
and 8.0. According to FERREIRA (2000), the nitrification rate can drop significantly for pH value
below the neutral zone. The recommended pH value for the nitrification process is in the range 6.5-
8.0.

It can be seen in Table 1 that the effluent of the aerobic phase presented a mean pH value of
6.83+0.33, which is a consequence of the consumption of the alkalinity in the nitrification stage.
Relative to the redox potential (ORP), it was observed an increase in the aerobic phase
(nitrification), reaching a mean value of 99.33+23.78 mV, which is close to the optimum value
recommended by WANNER (1991) for nitrification, 100-300 mV.

In the anoxic phase, the reduction in the ORP was pronounced, reaching a mean value of -
59.77+18.61 mV. AKIN & UGURLU (2005) observed that the best ORP used as an indicator in the
end of the anoxic period was -55.0 mV. WANNER (1991) found that the optimum ORP for the
denitrification is from -50.0 to 50.0 mV.
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The initial concentration of salts was lower than 0.7% for all the treatment cycles. Studies by
UYGUR & KARGI (2004) evaluated the influence of salinitéy (0-6%) on the reduction of nutrients
in synthetic effluent treated in an SBR. It was observed that the removal rate of NH;" was not
significantly affected by saline concentrations below 1%, attaining removal percentages over 80%.
The percent removal of NH," decreased sharply, from 96 to 39%, when the saline concentration
ranged from 0 to 6%, a reduction of over 50%.

GROMMEN et al. (2005) reported that salinity is known to decrease the diversity of the
nitrifying microorganism population.

Analysis of the stability of the reactor

Figure 1 shows the Shewhart control chart for individual measures of removal of total
inorganic nitrogen over 20 assays.
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FIGURE 1. Shewhart control chart of individual measures for the removal of total inorganic
nitrogen (NH;-N +NO,-N +NOs3-N) in the complete process (nitrification-
denitrification).

In Figure 1, one can see that the efficiency of global removal of inorganic nitrogen had a
mean value of 84.32+1.59% with a coefficient of variation (CV) of 1.89%, which was confirmed by
the reproducibility of the biological treatment process, determined by the low coefficient of
variation, which indicates the homogeneity of the experimental data obtained. The lower control
limit (LCL) was 80.57% and the upper control limit (UCL) was 88.08%, without any point outside
the limits. This fact indicates that the results are statistically satisfactory and that the process is
under statistical control.

Figure 2 gives the Shewhart control chart of individual measures for the removal of CDO.

Eng. Agric., Jaboticabal, v.31, n.5, p.954-964, set./out. 2011



Juliana B. R. Mees, Simone D. Gomes, Marcio A. Vilas Boas et al. 960

80 1
UCL=75.05
70
S
S ol /f\
8]
% / A ! X=53.65
3 501
S
[o]
e
40 1
LCL=32.25
30 1

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Assays

FIGURE 2. Shewhart chart for the removal of COD in the complete process (nitrification-
denitrification).

Kinetics of conversion of nitrogen and removal of organic matter

Figures 3 and 4 display the nitrogen substrate and organic matter consumption profiles for an
SBR with CT of 16 h.
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FIGURE 3. Nitrogen substrate consumption (NH,;"-N, NO,-N, and NO3-N)

The analysis of Figure 3 reveals that the consumption of ammoniacal nitrogen (NH,"-N) was
more pronounced in the first 7 h and that it was nearly equimolar. In this same period, there was a
gradual increase in the concentration of nitrate (NO3-N), from 6.2 to 157.0 mg.L™.

The concentration of the nitrogen forms (NO,-N and NO3;-N) along the anoxic phase
decreased for NO5-N, from 157.50 to 10.00 mg L™ in only 1 h of denitrification, that is, a removal
of 93.65% from 11 to 12 h. The concentration of NO,-N also decreased more than 90% in the same
period, indicating a possible reduction of the Ct of the anoxic phase.
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FIGURE 4. Organic matter consumption (COD) profile.

In Figure 4, It can be seen that the concentration of organic matter during the aerobic phase,
total CT of 10.15 h, decreased by approximately 50%, falling from 316.25 to 168.74 mg L™*. With
the addition of cassava wastewater in the beginning of the anoxic phase to adjust the (COD/NO;-N
+NO3-N) ratio to 6, the concentration of organic matter reached a mean maximum value of
1115.12 mg L™, rapidly decreasing to 242.50 mg L™ in the first hour of anoxic reaction, reaching
157.50 mg L™ in the end of the anoxic phase, with a total CT of 4.35 h.

An organic matter residue was observed 1 h after the addition of cassava wastewater with a
concentration similar to that found in the end of the aerobic phase.

Kinetic study of the nitrifying activity

The nitrifying activity was estimated by determining the kinetic parameters based on the
fitting of the kinetic models represented by the equations of consumption of the ammoniacal
nitrogen substrate (Eq. 2), Nitration (Eqg. 3), and nitratation, (Eq. 4). Table 2 displays the mean
estimated values of constants K; and Kj.

TABLE 2. Estimated values of K;and K,

Nitrification UNIT K; K, Ko/Ky
CT 10.15h mint 0.00381+0.00043 0.00249+0.00056 0.65

For the conversion of nitrogen, the initial values of ammoniacal nitrogen varied from 121.70
to 147.42 mg L™. The fitting for the kinetic model of the first-order series reactions described by
LEVENSPIEL (2000) gave mean values of 0.00381+0.00043 and 0.00249+0.00056 min™ for K;
and K,, respectively, with a K,/K; ratio of 0.65, indicating that the conversion of ammoniacal
nitrogen to nitrite is not the limiting stage of the process. LEVENSPIEL (2000) found that the more
positive this value is in relation to the unit, the smaller the velocity of reaction of formation of the
intermediate, which in this case is NO,-N.

Nitritation was not a limiting stage in relation to the nitration, as was expected; the velocity of
formation was greater and the nitrite build-up was small, possibly due to interfering factors such as
the occurrence of intermediate reactions, conditions favorable to the development of other
microorganisms that only reduce nitrate to nitrite, and the unbalance of the enzyme activity of
nitrate and nitrite reductase (MARTIENSSEN & SCHOPS, 1999).
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In incomplete nitrification conditions, the nitrite produced during the nitritation by
Nitrosomonas becomes an inhibitor of the nitrification process. Nitrite inhibits Nitrobacter in the
nitration because of the reaction of this compound with the enzymes involved in its oxidation
process (WILD et al., 1995).

In an investigation of the influence of aeration and reaction time on the nitrification process of
the effluent of a Fish slaughterhouse effluent using an SBR with immobilized biomass in
workbench scale, ZENATTI (2007) estimated the kinetic parameters of nitrification, obtaining K;
and K, mean values of 0.00300+0.00030 and 0.00298+0.00024 min™, respectively, with a Ko/K;
ratio of approximately 1, when the reactor was operated with air flow of 6 L.min™ and with an
effluent volume of 2.5 L and reaction time of 12 h. These values are similar to the present ones;
however, for a higher air flow.

FAZOLO et al. (2001) evaluated the performance of an aerobic fixed bed reactor in
workbench scale in the post-treatment of anaerobic sewage effluent. They found mean values of
kinetic constants, K; and K,, of 0.00419+0.00095 and 0.1104+0.01105 min™, respectively,
operating with air flows varying from 2 to 15 L min™, for an effluent volume of 10 L in 4.0, 6.0,
and 8.0 h, values which are higher than those of the present study in both stages of the nitrification
reaction (nitritation and nitration). This is possibly due to factors such as the reactor configuration,
the aeration system utilized, the immobilization of the biomass, and others.

For WEF et al. (2005), several factors, such as the temperature, the pH, oxygen concentration,
the type of substrate, and the presence of inhibiting substances affect the growth of microorganisms.
Therefore, they influence the velocity of consumption of the substrate and the formation of products
of the biochemical reactions.

CONCLUSIONS

The study of the stability of an SBR using Shewhart charts applied to the global removal of
inorganic nitrogen and organic matter revealed that the process is under statistical control. The
removal of total inorganic nitrogen (NH4;-N+NO,-N+NO3z-N) reached mean values of
84.32+1.59% (C.V.=1.89%) and removal of organic matter (CDO) of 53.65+8.48% (C.V.=15.81%)
in the complete process (nitrification-denitrification) during the 20 cycles that were evaluated.

The nitrifying activity estimated from the determination of the first-order kinetic parameters
had mean values of K; and K; of 0.00381+0.00043 and 0.00381+0.00043 min™, respectively. The
evaluation of the kinetic behavior of the removal of organic matter, and mainly the conversion of
nitrogen, indicated a possible reduction of CT in the anoxic phase, since removal rates of NO,-N
and NO3™-N higher than 90% were obtained with only 1 h of denitrification.
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