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ABSTRACT

A study of the kinetics of denitrification was carried out in the laboratory based on the quantification of N

the final product of the activity of denitrifying microorganisms, when the enzymatic reductio® &b N,

was blocked by acetylene. Concentrated mixed liquor (sludge from a reactor with intermittent aeration used
for sewage treatment) was used as the inoculum, while methanol, acetic acid, glucose, effluent sewage from
an anaerobic fluidized bed reactor and synthetic substrate simulating domestic sewage were used as carbon
sources. The mean concentration of nitrate was 20 mg/L. Maxim@qgbfdduction and N©consumption

occurred between 0.5h and 2.0h of incubation using all the carbon sources, which characterized the
denitrification process. Acetic acid and methanol were responsible for the highest rai®@sobdiiction.

The estimated number of denitrifying microorganisms in the reactor with intermittent aeration, using the MPN
technique, varied from 2 10° MPN/g VSS, indicating a high potential for the occurrence of denitrification.
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INTRODUCTION savings (the organic material can be stabilized in the absence of
oxygen), with a resulting reduction in energy requirements; (b)
Optimization of nitrogen removal in biological reactors hasonsumption and generation of alkalinity and increased buffer
been persistently pursued in recent years, aiming particuladgpacity of the medium; (c) potential elimination of the need for
at reducing the cost of building and operating treatment plandsy exogenous source of carbon. Satoh and Matoso (22) and
as well as to fit effluents to the standards of emission and quaBgisaket al (23) point out that the high rate of nitrogen removal
required by law. Owing to the costs, outside sources of carboray be one of the main characteristics of the intermittent aeration
used in pioneer nutrient removal projects are being replacedfgnpcess. In addition to oxidized nitrogen compounds, the
internal sources, such as the waste itself, induced storage, egattions involved in the denitrification process in intermittently
endogenous respiration of sludge (26). aerated reactors (aerobic/anoxic) consume rapidly and slowly
Denitrification is an important reaction in sewage treatmemiodegradable organic matter (31). Knowledge of the kinetics
for the biological removal of nitrogen from residual waters thatf the denitrifying activity can be obtained by determination of
improves the quality of the effluent eliminating one of théhe maximum denitrification rate when other carbon sources are
eutrophication factors of the recipient body of water. Rittmaawvailable besides those present in domestic sewage when
and Langeland (21), Campos (5), Metcalf and Eddy (17), acdrroborated by the estimated MPN of denitrifying
van Haandel and Lettinga (30) state that the use of the biologin@troorganisms. This knowledge may serve as an important
denitrification process together with denitrification in theguideline for the implementation of post-treatment processes
treatment plant offers several advantages, such as (a) oxyfmmanaerobic reactor effluents.

* Corresponding author. Mailing address: Departamento de Hidraulica e Saneamento, EESC-Escola de Engenharia de Sao -CahugersifRde
de S&o Paulo. Av. Trabalhador San-Carlense, 400, 13566-570. S&o Carlos, SP, Brasil.
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Denitrification with different sources of carbon

MATERIALS AND METHODS reactive material (organic substrate, macro and micronutrients,
sludge and nitrate) and 100mL of gaseous phase. Following a 5-
This study was carried out on a pilot scale in a stainlessn flow of N, to establish anoxic condition, each reactor was
steel aerobic reactor with an effective volume of 0.08@35 sealed with a rubber plug, after which 10% of the gaseous phase
m wide, 0.82 mlong and 0.5 m high). It was aerated intermittenthas replaced by acetylene at a partial pressure of 10 kPa and
and fed with effluent from an anaerobic fluidized bed reacttie containers were incubated in the dark, under shaking and
(AFBR) treating domestic sewage. A flotation unit was built atontrolled temperature (30°C+1°C). The accumulated
the outlet of the aerobic reactor. Intermittent aeration took placencentration of BD in the reactors was quantified by gas
in the aeration chamber, while flotation of the aerobic sludgdromatography, using a Gow Mac, series 150 chromatograph
occurred in the flotation chamber, with recirculation to thequipped with a thermal conductivity detector and a 2-m long
aeration chamber. The anaerobic reactor (AFBR), with biomd$%ropack Q” (80-100 mesh) column with a ¥4 internal diameter.
adhering to activated carbon as the supporting medium, hdgdrogen (60 mL/min) was used as carrier gas with the oven
the following features: capacity of 32mean affluent flow of  set at a constant temperature of 40°C. The chromatograph was
10n?.ht, operated with a mean hydraulic detention tifig 6f coupled to an HP 3396 integrating processor. Volumes of the
3.2h and average temperature of 26+2°C. biogas (500pL) were injected using a gas-tight (Hamilton)
Different aeration/non-aeration cycle times were tested fyringe. The accumulated concentrations 49 k the reactors
the reactor with intermittent aeration and suspended biomassre calculated based on Tiedje’s (27) equation. The experimental
cycles of 150 min/120 min and of 120 min/240 min, during whictesults were adjusted using Boltzman’s function (sigmoidal)
the kinetic denitrification tests were carried out. The dissolvethd the maximum specific gas production rates.JRvere
oxygen (DO), which was monitored daily, reached maximumalculated based on the derivative of the adjusted curve.
concentrations of 4 mg/L at a ambient temperature of 25+2°C. The monitored parameters of the affluent and effluent of the
Removal of BODR (Biochemical Oxygen Demand) and CODanaerobic fluidized bed reactor (AFBR) that fed the reactor with
(Chemical Oxygen Demand), nitrification, and denitrificationntermittent aerationéh of 6h) and its effluent were pH,
occurred under these conditions. The flotation unit, coupledt®mperature, total phosphate (OCOD, alkalinity to
the aerobic reactor, received the effluent and separated thearbonate, total volatile acids, N-Kjeldhal, ammonia, nitrite,
phases (clarification). The organic carbon (mean COD of 18trate and VSS. Measurements were taken of the initial
mg/L) remaining in the fluidized bed reactor was used by tlmncentrations of nitrate and of COD maintained in the reactors
denitrifying microorganisms. (batches, with the different carbon sources), as well as their
The denitrifying microbiota was estimated using hydraulicemoval efficiencies. The tests were made using sludge from
detention times@h) of 8h (with the two above-mentionedthe reactor with aBh of 8h and intermittent aeration with 2h
aeration cycles) and 6h (with 2-h aeration and non-aeration cyclegration and 4h non-aeration cycles.
This estimate was performed by the Most Probable Number (MPN) These measurements and identifications were based on the
technique modified by Tiedje (27) and adapted to fluid samplescommendations of ttf®&tandard Methods for the Examination
(mixed liquor). Five tubes with replicate sample volumes withf Water and Wastewat€t995). The concentrations of volatile
decimal dilutions were incubated under anaerobic conditioragids in the effluent from the anaerobic reactor (AFBR) were
during 15 days at 30°C+1°C, in a selective medium, Nutrient Bragnantified to identify the types of carbon for the denitrifying
(“Difco”) in a 5mM solution of NaN@ The result was expressedmicroorganisms, using gas chromatography, according to

in MPN per gram of volatile suspended solids (VSS). Moraeset al.(19).
The kinetic test, which was performed to estimate the activity
of the denitrifying microorganisms, simulated the conditions of RESULTS AND DISCUSSION

the reactor, operated with a mean OLR (organic loading rate) of
0.61kgCOD/riday. The following sources of carbon (carbon The estimated number of denitrifying microorganisms
measured as COD) were used as substrates: methanol, acetitained at practically the same order of magnitude throughout
acid, glucose, domestic sewage (effluent from the anaerolfie monitoring period of the reactor. As shown in Table 1, the
reactor), and synthetic substrate simulating domestic sewdadBN/g VSS remained stable during each of the cycles under
(28). The concentration of nitrate was kept at an average of 20 stgdy, with averages in the order of®lMdPN/g VSS (variation
NOs-N/L and the total volatile solids (TVS) around 4000 mg/L. of 1(’to 10°MPN/g VSS). These results were higher than those
The kinetic study of the denitrification process was carrigidund by Gianottet al.(11) in anoxic reactors fed by synthetic
out based on the quantification of@ the final product of substrate simulating domestic sewage and nitrate, whose mean
denitrifying microorganism activity, using acetylene as a block&iPN values were in the order of T@lls/g VSS in a
of the enzymatic reduction of: to N, (32). In this study, the concentration of 20mg NEGN/L, and of 16cells/g VSS, in a
samples were kept in 400mL reactors containing 300mL obncentration of 50mg NON/L.
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Table 1.Estimated number of denitrifying microorganisms in the intermittent aeration reactd@hwitBh and 6h.

MPN/g VSS
Operation Time  aeration non-aeration aeration non-aeration aeration non-aeration
(days) 150min 120 min 120 min 240min 120 min 120min
6h=8h 6h=8h 6h=8h 6h=8h Bh=6h Bh=6h
154 7.2E+09 - -
159 1.8E+10 - -
181 - 1.7E+10 -
184 - 6.7E+10 -
194 - 3.0E+10 -
208 - 1.3E+10 -
222 - - 4. 7E+09
227 - - 2.1E+10
232 - - 15E+10

Marchettoet al. (15), in a laboratory scale study using twodrable2. Mean values of monitored parameters of the anaerobic
serial reactors to treat domestic sewage — a compartmentieitized bed reactor (AFBR) and the intermittent aeration
anaerobic reactor and a microaerated reactor — operated wiéthctor 6h of 6h).

low concentrations of dissolved oxygen (DO between 0.20mg/ Effluent

L and 0.90mg/L), found mean MPN values of denitrifying -

microorganisms of 4.9.2@ells/g VSS @h of 8h) and of Parameter Affluentof oo Intermittent

2.5.10cells/g VSS@h of 14h). the AFBR Aeration
In this study, MPN per volume of reactive material (mixed liquorpH 73 72 6.9

was estimated to be of the order dftb@.0 MPN/mL, a variation T (°C) 26+2 - 25

also observed by Etchebehetal. (8) in sludge samples from a P-PQ3*mg/L) 14.0 10.7  1.5*0.8*

denitrifying reactor treating percolated sanitary landfill material. CODs (mg/L) 510 183 38* - 26**
The high values of MPN of denitrifying microorganisms mayAlkalinity to bicarbonate 70 5

be associated with the diversified composition of remanerftngCaCQ/L)

electron donors after treatment in the anaerobic fluidized beibtal volatile acids % 17 10

reactor, which fed the intermittently aerated reactor. MoreovefingHAC/L)

the diversified metabolism of these microorganisms, associatéé ammonia (mg/L) 20 16 3

with the contributing denitrification factors such as the presendg-Kjeldhal (mg/L) A 26 9.5%-5,5**

of nitrate in the intermittent aeration reactor, the low concentratioNOs - N (mg/L) 0.3 0.3 85

of DO during the periods of non-aeration, and the environmentalO; - N (mg/L) Nd 0.02 250

conditions (temperature and pH), may also have favored tmegVSSI/L effluent 33 12

development of denitrifying microbiota. Table 2 lists the meaf]
values of some of the monitoring parameters of the AFBR an
the intermittent aeration reactor on a pilot scale, Wtingf 6h.
The results presented in Table 2 indicate the satisfact@gdogenous carbon may increase to low denitrification the rates
response of the nitrifying and denitrifying microbiota in theand limit the overall efficiency of nitrogen removal (26). COD
reactor to intermittent aeration. Nitrification (oxidation ofremoval rates of 95% and 92% were also found, with mean
ammonia-N to nitrite and nitrate) occurred during the aerateelsidues of 26.0mg/L and 38.0mg/L, respectively, in the filtered
period in the same unit and, during the absence of aeration, #mel non-filtered effluent.
denitrifying microorganisms reduced nitrate and nitrite to The denitrification rate in a reactor depends on the
molecular nitrogen. The system produced an N-Kjeldhabncentrations of nitrate, on the active biomass and on organic
conversion of 72% and 84%, with a 9.5mg/L residue in the casarbon, whose origin also plays a significant role (13,16).
of non-filtered effluent and of 5.5mg/L in the filtered one. The Anadequate C/N ratio and access to easily degradable carbon
source of electrons used in the denitrification process was solsburces are essential to maintain the biochemical reactions
remanent organic matter from the anaerobic reactor (AFBR)yolved in the denitrification process (20). Table 3 lists the initial
which left a residue of 8.5mg/L of NON. The use of and final concentrations of COD and N® of these experiments,

— Non-detectable value; * raw sample; ** filtered sample.
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as well as COD/N®-N ratios and percentage of Table 3.Mean concentrations of nitrate (initial and final), COD, TVS, and
NOs -N removal for the substrates like domestic efficiency of N-NQ' removal in the reactors, using different substrates.

sewage, methanol, acetic acid, glucose, and synthetic Nitrate Removalof COD mgOD/mg TVS

substrate simulating domestic sewage. Substrate mgNO; N/L  Nitrate  (mg/l) NOsN/L  (mglL)
The purpose of this study was to identify the — - 5 —
response of the denitrifying activity to the different Initial __ Final (%) Initial

carbon sources, ensuring adequate supplies ofDomestic

carbon and nitrogen. As can be seen in Table 3, thesewage 26 08 % 146 68 4352

C/N ratios (carbon measured as COD) remained highMethanol 205 0.8 % 510 249 4165
when methanol, acetic acid and glucose were usedAcetic acid 14.9 09 A 333 223 4686
as substrates, but were closer to the real reactoiGlucose 158 0.7 95 308 195 5035
operation situation when domestic and synthetic Synthetic 289 18 o 200 111 4374

sewage was used. Her and Huang (12) found thatsewage
the denitrification efficiency increased linearly with
the increase in the C/N ratio. The lowest values of
C/ NOs N ratios in this process were 0.9 for acetic
acid, 1.9 for methanol and 3.0 for benzoic acid. Above
these values, the denitrification efficiency remained constamaxima, using sludge (inoculum) from the intermittent aeration
dropping after reaching values of 5.0 for methanol, 25.0 for acet&actor after 208 days, fed with five different carbon sources:
acid and glucose, and 3.6 for benzoic acid. The endogenalmnestic sewage, synthetic substrate simulating domestic
denitrification efficiency varied from 9.2% to 17.8%, requiringsewage, methanol, acetic acid, and glucose.
an exogenous carbon source. The maximum BO production rates in g N/g TVS/day were

In a study involving the removal of NN from underground 0.39; 0.36; 0.34; 0.25 and 0.25, respectively, for acetic acid,
waters, Mohseni-Bandpi and Elliott (18) found that the best @Glethanol, domestic sewage, glucose, and synthetic sewage.
NOs N ratios for denitrification were 1.1 for methanol, 1.25 foderdnimo (14) found maximum@® production rates, in g N/g
ethanol and 1.7 for acetic acid. VSS/day, of 0.41 (10mgN-N£2L); 0.18 (30mg N@-N/L) and

In this study, although the quantification of the availabl®.19 (50mg N®@-N/L), with the process stabilizing at 15h, 15h
carbon for denitrification was determined through the COD, tlad 30h, respectively.
C/ NOs N ratios were higher than those reported in the literature. Acetic acid was the carbon source responsible for the highest
Nitrate removal, however, was satisfactory, i.e., 94% to 9680 production rate, 0.39gN/g TVS/day, while glucose and
(Table 3).The rate of the denitrification process is influenced Isynthetic sewage were responsible for the lowest, i.e., 0.25g N/g
the nature of the carbon sources, i.e., the more easily degraddé&/day. Gerbeet al. (9) also found that the rate of the
they are, the faster the process. Fig. 1, F5taillustrate the denitrification process intermediated by acetic acid was higher
accumulated pD production, maximum rates and specifidhan that of methanol and ethanol. Anderson and Rosen (2)

* Mean values of two tests.
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Figure 1. General view of the system used to treat domestic sewage.
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reported that acetic acid accelerated the denitrification process RESUMO
in comparison to hydrolyzed starch and methanol. Carley and
Mavinic (6) also found that acetate was the most efficient Estimativa da microbiota desnitrificante em
substrate for denitrification, followed by methanol. Tetral.(2) tratamento terciario de esgoto sanitario e cinética do
reached nitrate removal efficiencies in the order of 91% - 960/0processo de desnitrificagé_o com diferentes fontes de
86% and 78% using acetate, methanol and glucose, respectively. carbono
In our study, considering the five sources of carbon under study,
the percentages of nitrate removal were similar (Table 3). However, O estudo da cinética do processo de desnitrificacdo foi
the use of acetic acid produced the fastest denitrification arelizado em laboratério a partir da quantificacéo produto
glucose and synthetic sewage the slowest one. final da atividade de organismos desnitrificantes, quando

The high nitrate removal efficiency of acetic acid may be dweetileno bloqueou a reducdo enziméticagieara N. Foram
to the favorable values of the energetic balance of the formatiotilizados, como inéculo, licor misto concentrado (lodo
and degradation of the compounds involved in the process. proveniente de reator com aeracao intermitente tratando esgoto

Mohseni-Bandpi and Elliot (18) suggest that theanitario) e, como fontes de carbono: metanol, 4cido acético,
denitrification efficiency is significantly affected by the naturelicose, esgoto efluente de reator anaerdébio de leito expandido/
and molecular mass of carbon compounds. Denitrification wésidificado e substrato sintético simulando esgoto sanitario. A
slower in the reactors fed with domestic sewage and glucosencentracdo media de nitrato foi de 20 mg/L. Entre 0,5h e 2,0h
The complexity of these substrates may have decelerated deeincubacdo, ocorreram méaximos de producao.@eeNde
process. In this study, the high concentration of acetic a@dnsumo de N@ com todas as fontes de carbono usadas,
(high C/N ratio) may have favored the activity of denitrifyingcaracterizando o processo de desnitrificacéo. Acido acético e
microbiota adapted to this substrate, since the sludge usednigtanol foram responsaveis pelas maiores velocidades de
these laboratory scale tests received effluent from an anaergirieducdo de MD. Os nimeros estimados de microrganismos
fluidized bed reactor whose main acid component was aceticdesnitrificantes no reator com aeracao intermitente, empregando
a sequential batch reactor (SBR) fed with anaerobicaléy técnica de NMP, variaram entre® 8013° NMP/g.SSV,
fermented reactor effluent, Rodriguet al. (1998) found indicando elevado potencial para a ocorréncia da desnitrificacéo.
223+24mg/L mean concentrations of volatile fatty acids in the
effluent, of which 23% consisted of acetic, 25% of propioni®?alavras-chave: atividade desnitrificante, bactérias
and 12% of butyric acid. desnitrificantes, desnitrificacéo, tratamento terciario de esgoto

sanitario
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