DETERMINATION OF KINETIC PARAMETERSOF A LAB-SCALE UPFLOW
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ABSTRACT

The present work aimed at determining and evaluating the kinetic parameters from the UASB reactor treating swine manure
effluent in alab-scale experiment. The research was carried out in the Laboratory of Water Analysis at the Engineering Department
(LAADEG) at the campus of Federal University of Lavras- UFLA. The system was assembled with an acidification and equalization
tank (AET), an UASB reactor and an aerated facultative pond (AFP). The hydraulic retention time (HRT) adopted in the UASB
reactor were: 55; 39; 34; 24; 17; and 16 hours. The operational average temperature in the UASB reactor was 25 + 2°C. The kinetic
studies used the following parameters: Chemical Oxygen Demand (COD,), Total Volatile Solids (TVS), Temperature, Flowrate and
Total Solids Profile (TVS,), in the reactor, and the number of analyses were: 72; 72; 250; 250; and 30, respectively. The frequency was
twice aweek for COD_ and TV'S, and daily for temperature and flowrate. The kinetic parameters determined were: yield coefficient
Y=0.3046 to 0.4231mg COD, mgTVS™.d*, decay coefficient K =0.0125 to 0.0173d™, maximum growth rate coefficienti  =0.2835
to 0.03938d™ and limiting substrate concentration coefficient K = 51.70to 71.80mg COD_.L ™. The values found were within the range
appointed in the specific literatures and were determined based on linear regression studies, giving in thisway, atechnica scientific
support to the physical — chemical operational data collected during the operational research period.

Index terms: Swine effluents, UASB reactor, kinetic parameters.

RESUMO

Com a presente pesquisa, objetivou-se determinar os parametros cinéticos de um reator anaerébio de manta de lodo (UASB-
Upflow Anaerobic Sludge Blanket), em escalalaboratorial, empregado parareduzir a carga orgéanica poluidora de dejetos de suinos. Os
trabal hos foram conduzidos no Laboratério de Andlise de Agua do Departamento de Engenharia— LAADEG |ocalizado no campus
da UFLA, utilizando dejetos de suinos coletados da granja de suinos do Departamento de Zootecnia - DZO. O sistema de tratamento
foi composto das seguintes unidades: tanque de acidificacdo e equalizagdo (TAE), reator anaerébio de mantade lodo (UASB) elagoa
aeradafacultativa (LAF). Os tempos de detencdo hidréulica (TDH) foram: 55; 39; 34; 24; 17; e 16 horas, adotados em fungéo das
cargas organicas biolégicas e volumétricas. A temperatura média operacional no reator foi de 25+2°C. O levantamento cinético utilizou
0s seguintes parmetros: DQO,, Solidos Volateis Totais (SVT), Temperatura, Vazéo e Perfil de Lodo no reator (SVT), e 0 nimero de
analises foram: 72; 72, 250; 250; e 30, respectivamente. As frequéncias de andlise foram duas vezes por semana para DQO, e Sélidos
Voléteis Totais (SVT), didrias para a Temperatura e Vaz&o. Foram determinados os seguintes parametros cinéticos: coeficiente de
crescimento Y=0,3046 a 0,4231 mgDQO.mg SVT .d*, coeficiente de decaimento K =0,0125 a0,0173d, taxa maxima de crescimento
i..=0,2835 a0,03938d"* e concentragdo de substrato limitante K = 51,70 a 71,80 mg.L™" de DQO. Os valores encontrados estéo
dentro da faixa descrita em literaturas especificas e foram determinados com base em estudos de regressdo linear, oferecendo assim,
respaldo técnico cientifico aos dados fisicos e quimicos levantados durante a operacionalizacéo do sistema.

Termos par a indexacdo: Efluentes de suinocultura, reator UASB, parametros cinéticos.
(Recebido para publicagdo em 18 de janeiro de 2005 e aprovado em 10 de junho de 2005)
INTRODUCTION

Considering social and economical terms, the

Sincethe early 70’sthe swine management has been
considered very dangerous in many aspects to the

swine culture has an important contribution, mainly as
an instrument of man fixation in the country areas,
however, the residual pollution generated during the
production process is enormous, and for this reason being
considered by the environmental organs as one of the
most pollutant activities which degrades the environment
(CAMPOS et d., 1999).

watershed, soil and atmosphere. In response to the increase
of the demand, which intensified the production of confined
animals, the pollution problems reached such dimension,
that the Urban Development and Environmental Secretary
of State pointed the swine culture, mainly the confined
ones, as the most pollutant activity among all agro-
industries.
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The development of the swine culture in Brazil, in
the last years increased from 26.5 millionsin 1993 to 37.7
million of headsin 2001 (ABIPECS, 2002). The manure
volume can be estimated as a function of the herd and the
managing practices. The utilization of anaerobic systems
for treating the liquid effluents allow a more sustainable
technology than other treatment processes, since the
former is able to produce energy from the biogas and
occupy less areas; and also the construction is quite simple
and furthermore the sludge has more nutrients and
micronutrients that can be disposed in the soil asfertilizers
(NG & CHIN, 1988; OLIVEIRA, 1993, 1997; ZHANG &
DAGUE, 1995).

The conventional anaerobic digesters normally
used for treating manure residuals, has a very long hydraulic
retention times (HRT); about 15 to 30 days. Thislong HRT
is employed in order to allow the growth of
microorganisms, and to avoid acidification and wash-out
of them. With the increase of the scientific knowledge
concerning the anaerobic process, it is quite possible to
dissociate the HRT from the cellular retention time (CRT),
therefore, the HRT is able to become just a few hours,
while the CRT during many days (METCALF & EDDY,
2003).

Among many reactors denominated ““l ast generation
reactors’, onethat can be stood out isthe UASB (Upflow
Anaerobic Sludge Blanket Reactor). Thisreactor isaresult
of a great development in treating simple and complex
wastewaters, with high or low concentrations, soluble or
with particulate material (KATO et d., 1999).

The UASB reactor does not use pack support
materials, since the sludge which developsinitslower
part has a concentrated biomass with a very high
methanogenic activity, in the form of flocks or
granules (pellets), which is called active zone
(CAMPOS, 1998).

Thistype of sludge is generally attained through a
selection process carried out through the ascended
hydraulic flow (flowrate velocity through the reactor cross
section), the type of substrate and also the volumetric
organic loading (VOL). These factors, which must be
considered since the start-up of the system, allow the
cultivation of dense biomass, is able to settle quite well at
the bottom part of the reactor, even when the reactor suffers
of hydraulic shocks (CAMPOS et a., 2003).

The incorporation of an internal gas-liquid-
separator (GLS) helps the reactor to work with higher CRT,
even when the HRT is quite low.

Considering that the scientific literature does not

have any kinetic studies in lab-scale of UASB reactors
treating liquid effluents of swine manure with the physical-
chemical characteristics described here, the present
research aimed at determining the kinetic parameters able
to describe the biological conversion process of the
substrate by the microorganisms and substrate, and in
this approach, subsidy the measurement for scaling-up of
pilot and full-scale UASB reactors.

In this research the kinetic biochemistry study used
the anaerobic biomass and searched to find out the
microorganisms growth and the consuming velocities of
the substrate, and also the sub-products formation. These
velocities can be expressed mathematically in terms of
models which represent an adequate dynamic of this type
of process (CAMPQOS, 1990).

Many are the aspects which can have influence on
the kinetic of the microorganism population. According to
many kinetic studies these can be affected by the following
parameters (SPERLING, 1996).

- Composition;

- pH;

- Reology and temperature

- Internal controls;

- Adaptability;

- Heterogenic bacterial populations;

The interactions between cellular mass and
environment can also be pointed, such as:

- Nutrients transferences,

- Temperatures and products.

It is not possible to try to formul ate a kinetic model
ableto include all aspects and involved details related to
the biochemistry reactions, in special those with high
complexity. Consequently, many simplifications must be
donein order to transform in a useful and applicable model.
Thereisalso agreat difficulty in describing these kinetic
conversions mathematically, due to its substrate complexity
and many bacterial population involved. In the other side,
the complex mathematical models are not desirable, mainly
dueto the difficulties to handle them in order to simulate
the involved process as awhole.

Two mainly variables constitute the basis of all
biological models: (12) substrate concentration; and (29)
microorganism concentration. In this work the kinetic
was based in the mass bal ance describing quantitatively
the all input and output materials, as well as, the
accumulated substances that stay in the physical limit
of the system.

The mass balance is based in the Mass
Conservation Law, described by Equations (1) and (2).
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(Inlet-Outlet) (Production-Consumption)
d(Cv

=0 (e, -QO) XV, -k X V) @)
dv dC

C—+V—= (QCO - QC) + (luxrvr - kd xrvr) (2)
dt dt
In biological reactorsthe volume s fixed, therefore,
its variation rate to the time is zero, asit is shown in the
Equation (3)

dlzo;whae

dt
VZ—? =(QC,-QC) +(u.X,V, -k, X,V,) (3

The Equation (4) is able to express the cellular

retention time ¢ _ (day), (METCALF & EDDY, 2003):
0 — V. X,
© (QC,+QC)

Where: Vr —reactor volume, (L);
Xr — microorganisms concentration (V ST) in the reactor,
(mg.L™);
Q-flowrate, (L.day™);
C,— COD, affluent concentration, (mg.L™);
C - COD, effluent concentration, (mg.L™).

Considering the microorganisms mass balance: dC/

(4

dt=0,
v - (QC,-QO)+ (uX,V, kX V) @
1
6)—=,u—kd ()

[

The following Equation 6 is much utilized in
biological wastewater treatments, and is known as Monod
Kinetic. Its importance resides in its shape which can
represent approximately the zero order kinetic, aswell as,
the first order equation, and also the transition among
themselves.

In the beginning of substrate decomposition
reaction, when its concentration is yet very high, it hasno
limitation of its concentration in the midst and the global
removal rate is quite similar to the first order kinetics.
However, due to the substrate consumption, the reaction
rate start to decrease, characterizing a transient region,
and can be considered as a variable order, when the
substrate concentration is quite low, therefore, the reaction

rate is limited by the low substrate concentration available
in the midst.

In this situation the kinetic equation showsto be of
first order. This both situations happen due to the low
COD,; concentration in the effluent “C”(mg.L ™), and due
to thelimit substrate concentration “Ks” (mg.Lof COD).

_ M C (6)
# K,+C
Where: 1= 'UT’“E’X (7)

The cellular growth (Y), interpreted as the mass of
cellsformed per mass of substrate consumed can be related
to the limiting substrate, as shown in Equation (8).

dC e CX, ®)
dt (K, +C)Y

The effect of the endogenous methabolism kd —
represents the cells mortality and can be described
according to Equation (9):

dX
= =k, X ©
dt
Putting together the Equations 8 and 9, it will be
formed the Equation (10) described below:

dC 1. CX, KX (10)

d (K, +Cy 7

MATERIAL AND METHODS

The experiment was carried out in the Water
Analysis Laboratory of the Engineering Department
(LAADEQG) at the Federal University of Lavras (UFLA),
using a system composed with three experimental units:
acidification and equalization tank (AET), an anaerobic
reactor (UASB) and an aerated facultative pond (AFP). In
this research it was analyzed just the parameters related to
the UASB reactor, the other units were not studied with
this objective. The swine manure used was collected in a
herd installed at the Zoo-technical Department at UFLA
University. The installations were daily washed, normally
during the morning, before feeding procedure. The
generated liquid effluent has in its composition fresh
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manure, urine and food which was colleted and canalized
until it was united in an unique pipe. From this point the
liquid effluent was collected to be used in the experiment.
The number of swine during the experimental period was
about 500 animals. The system were fed in batch conditions
in the AET, and after that, the effluent was pumped to a
heat equipment, then to the UASB reactor, only then, in
order to be polished, to an Aerobic Facultative Pond (AFP).
The volumes of the AET, UASB and AFP were 38; 11.7 and
16 liters, respectively. The system flowchart and the plant
sketch representation are shown in the Figures 1 and 2,
respectively.

The monitoring of the system was realized through

the determination of the physical-chemical parameters
collected from the affluent and effluent of each one of the
units: AET, UASB and AFP. The following physical-
chemical parameters were analyzed: flowrate, temperature,
pH, total chemical oxygen demand (COD,); total solids
(TS), and total volatile solids (TVS). The samples were
analyzed according to the APHA (1998). The determinations
of pH, temperature and flowrate were measured daily, while
the analysis of COD_, TSand TVS were analyzed two times
per week.

The parameters kept constant after the transient
period or during the steady-state phase of the UASB
reactor were temperature and the flowrate.

Membrane
T e e B

AFP

v
Heat
[ UASB Reactor ]4— System

FIGURE 1- Flowchart of the system.

Effluent

Biogas
Final I '
Effluent AFP - =
Heating - j E
- UASB Pressure  Gasmeter Bunsen
Afluent Reactor Equalization
Membrane
Pump
AET

FIGURE 2- Plant sketch of the system.
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Concerning the statistic methodology employed
to the data, it was applied, in order to exam the existence of
linear relation between two variables, the correlation
coefficient of thesample“r” (FAOSTAT, 2001; LEVINE et
a., 2000). This statistic methodology called test of tis

r
{=—=

2

estimated using the equation 1-r
n-2
test follows at distribution, with n-2 degree of freedom;

2 m (quuared): r= \/r_z (Rmultiple)
STQ

, wherethet

being: I~ =

and n equal to the freedom degrees; where the SQReg is
equal to the addition of the squares due to the regression,
and STQ is equal to the total addition of squares. For
hypothesistest of H.: p = 0 (does not exist correlation) or

H,: p = O(exist correlation).

RESULTSAND DISCUSSION

The UASB reactor was operated during nearly 250
days without interruption. The average pH value was 7.7,
showing a good buffer condition.

During the same period the environment
temperature average was about 22.7°C, and for the purpose
of the reactor works in an average temperature of 25£2°C,
the heat system operated at an average temperature of
41.2°C.

The system flow rate was determined based in the
hydraulic retention time (HRT) adopted. The minimum
flowrate, during the start-up was 0.21L.h%, resulting in a

maximum HRT of 55 hours, while the maximum flowrate
was 0.71L.h7%, resulting aHRT about 16 hours. The flowrate
average value was 0.45L .h2,

The variation of the COD, values observed was
due to the liquid effluent characteristics originated in the
pigsty, since it does not have any control on the water
management even on the clean products utilized to wash
out the confining swine installation. The average value of
COD,; in the affluent of the UASB reactor was about 1,911
mg.L*, for all HRT"s. The average values of COD_ in the
effluent of UASB reactor for each HRT (55, 39, 34, 24 and
16 hours), were: 216; 126; 213; 123; 120 and 406 mg.L 2,
respectively.

The average concentrations of TV S in the effluent
of the UASB reactor for each HRT (55, 39, 34, 24 and 16
hours), were: 249; 263; 284; 203; 147 and 363 mg.L™?,
respectively. The average concentrations of TVS of the
sludge in the UASB reactor for each HRT (55, 39, 34, 24 and
16 hours), determined from each sample port installed along
the reactor profile, were: 23.822; 21.958; 23.077; 22.045;
20.658 and 20.688 mg.L, respectively. All this data are
presented at Table 1.

Table 1 shows the values of COD, affluent and
effluent of the UASB reactor, denominated C, e C,
respectively. The average values of TVS (considered as
microorganisms) in the reactor (Xw e Xr) and in the effluent
(Xe), as well as, the average value of flowrates (Qw)
withdrawn from each port, as afunction of each HRT. With
the values presented in Table 1, it was estimated the Cellular
Retention Time “CRT” in days, as well as the other
parameters necessary to the development of the kinetic
studies.

TABLE 1- Average values of operational parametersin the UASB reactor.

ow Xe Xw Xr Co C

HRT (h) Qe(L.d™) Vr() (LdbyH  (mglL™ (mg.L™ (mg.L™ (mgL™®  (mgL™
55 5.09 11.72  0.000667 249.60 23,822.00 23,822.00 1,910.50 216.42
39 7.18 11.72  0.001250 263.71 21,958.00 21,958.00 1,910.50 129.71
34 8.21 11.72  0.001127 284.21 23,077.25 23,077.25 1,910.50 213.49
24 11.54 11.72  0.001159 203.06 22,045.00 22,045.00 1,910.50 123.36
17 16.32 11.72  0.001429 145.40 20,658.40 20,658.40 1,910.50 120.58
16 17.50 11.72 0.001786 363.00 20,688.92 20,688.92 1,910.50 406.54
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Figure 3 shows the pair of coordinates, using the
linear regression analysis, through which it could be
obtained the coefficient values of biomass growth “Y”
(mgCOD.mgTVSt.d?) and the coefficient of decay
(endogenous biomass) “K” (d*).

Figure 4 shows a pair of coordinates which presentsthe
regression analysis able to demonstrate the equation from which
themaximumgrowthrate*i _ ” (day™), and the limiting substrate
concentration“Ks” (mgCOD?) values were determined.

The linear equation shown in Figure 3is: y = 2.9543x
+ 0.0409; with a R e = 0-64. The statistical study for
determining the correlation was the test of “t”. Since the
result found wast =1.6664; t_, = 1.5332; using the critical
values from the table of “t”, with an area of tail superior,
witha=0.10, it can be concluded that, sincet = 1.6664 > t,
=1.5332, H, can be rejected. Once the null hypothesis was
rejected, it can be concluded that there is an association
between thegrowth “Y” (mgCOD.mgTV St.day!) and the
endogenous decay “Kd” (day?!) coefficients, with a

significant level of 0.10.

The linear equation shown in the Figure 4, is: y =
1,823.5x + 31.749; withaR | wipe = 0-45. Since the result
found t = 1.00922; t_, = 0.7407; with an area of tail superior
witha=0.25, and since t = 1.00922 > t, = 0.7407, H, can be
rejected. Since the null hypothesis was rejected, it can be
concluded that there is an association between the
maximum growth rate “i _* (day™) and the limiting
substrate concentration “Ks” (mg.L de COD) coefficients,
with a significant level of 0.25.

The experimental research demonstrated adequate
kinetics parameters within the range presented in the
literature (CAMPOS, 1990). The ranges of the kinetic
parameter values obtained for the analyzed UASB were:
for growth coeffident “Y”; 0.4231€”Ye’0.3046 mgCOD.mg™.
TVS.d*, for the endogenous decay coefficient “k,”;
0.0173€7k €°0.0125d*, for the maximum growth rate i _”;
0.03938¢” i _ € 0.2835d", and for the limiting substrate
concentration “Ks”; 71.80e”’Kse”51.70 mg.L of COD.

0.15000

0.10000 +

0.05000 +

0.00000 ‘ ‘

(mgCOD/mgTVS/day)

0.00000 0.00500 0.01000 0.01500 0.02000 0.02500 0.03000

(1/day)

FIGURE 3-Y eK determination in the UASB reactor.

= 80.00 o
= 60.00
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= 0.00 ‘ ‘ ‘ ‘
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FIGURE 4- Determination of x__and Ksin the UASB reactor.
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CONCLUSIONS

Thekinetic studies applied to the present research
demonstrated very adequate, since the values found were
in the range of the literature specified. The statistical
methodology applied, also allowed the faithfulness of the
kinetic parameters, which could be used even for subsiding
simulation studies, as well as to be applied in scaling-up
this type of reactor permitting the engineer a greater
confidence in designing a pilot or a full scale UASB
reactors.
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