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Abstract - This present paper reports a study of the efficiency of an anaerobic Baffled Reactor (ABR) 
composed of three chambers working as the first stage of a biological treatment system for swine 
wastewater, over a period of 116 days. The average value of the volumetric organic loading rate (VOLR) 
was 17.8 kgCODtotal m-3 d-1, the biological organic loading rates (BOLR) based on total and filtered COD 
influents of 14381 mg L-1 and 3610 mg L-1, respectively, were: 1.3 kgCODtotal kgTVS d-1 and               
0.98 kgCODfiltered kgTVS d-1, respectively, and the hydraulic loading rate (HLR) was about 1.4 m3 m-3 d-1. 
The average removal efficiency for total COD was 80% at a hydraulic retention time (HRT) of about 18 
hours. The average alkalinity in the effluent was 3801 mgCaCO3 L-1. The average removal efficiencies for 
oil and grease and total soluble solids were 41% and 78%, respectively. The sludge granulation and biogas 
production in the ABR were quite different between the first and third compartment, showing a distinct 
microbial consortium in each chamber. Through this research it was confirmed that this type of reactor can 
be employed as the first stage in a system treating swine wastewater. 
Keywords: Wastewater; Anaerobic digestion; Methanogenic bacteria; Biogas; Methane. 

 
 
 

INTRODUCTION 
 

Over the past 30 years swine production has 
become increasingly intensive, with a larger number 
of animals confined. As a result, the wastes from this 
production system are produced in larger quantities, 
requiring a large amount of water for washing and 
resulting in a greater volume of wastewater. The 
swine effluents are composed of feces, urine and 
wash water from the confinement of animals, thus 
assuming a slurry form (Diesel et al., 2002). This 
type of wastewater is characterized by its high 

pollution potential and may reach concentrations of 
COD and BOD of 8057 mgO2 L-1 and 2843 mgO2 L-1, 
respectively (Pereira et al., 2011), due to the high 
concentration of dissolved organic matter and 
suspended solids and also macronutrients, like 
organic nitrogen, ammonia, nitrites, nitrates and 
phosphorus (Cook et al., 2010). For these features 
the application of this sort of waste represents an 
additional risk to environmental resources, mainly by 
the excessive release of nutrients, salts and organic 
matter, among other pollutants; therefore, it is 
necessary to treat this wastewater in order to reduce 
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the pollution potential. The anaerobic biodegradation 
of the effluent from hog farming is an alternative for 
treating this type of waste, due to the methane 
generated from the high content of organic matter 
digested by the biomass present in the reactor, which 
can supply energy input for other local activities. 
Other advantages of this process include: conserva-
tion of nutrients, solids degradation efficiency higher 
than 50%, reduction in odor and pathogen control 
(Angenent et al., 2002). The use of an anaerobic 
process into two stages, mainly in the presence of a 
high concentration of suspended solids in the 
influent, which may affect negatively the activity of 
the microbial consortium, can increase the 
development and maintenance of the granulated 
sludge in the second stage (Ferreira et al., 2003). In 
the separation of stages, the biomass of the first stage 
reactor is characterized by hydrolytic flocculent 
sludge, which partially absorb and break down the 
particulate organic matter in the influent into soluble 
compounds that are digested and absorbed in the 
second stage, allowing even the formation of 
granular sludge. According to Vossoughi et al. 
(2003), the anaerobic baffled reactor (ABR) 
combines the advantages of the anaerobic filter, 
which shows high stability and security for the 
subsequent treatment unit. The ABR is in the shape 
of a tank with several chambers arranged in series, 
each one separated by vertical walls, through which 
the liquid moves upward and downward along the 
reactor, allowing the wastewater to pass through 
regions with high concentration of active 
microorganisms formed in the sludge column along 
each chamber of the reactor (Barber and Stuckey, 
1999). The hog wastewater contains a high 
proportion of suspended solids that resist biological 
degradation (Robinson et al., 1971). The non-
biodegradable fraction of the influent becomes the 
major obstacle to the treatment and it is an essential 
part in the effluent. Studies conducted by ASAE 
(1990) characterized these animals diet, classifying 
the food according to the percentage of fixed solids, 
which varies from 15% to 30% of the ration. The 
biodegradable fraction is characterized by the 
fermentation of organic material resulting in the 
production of odors that are sources of pollution and 
can be a hindrance to the intensification of hog 
farming (Campos et al., 2005). Considering the fact 
that hydrolysis is a limiting step to anaerobic 
digestion of complex wastes, such as hog waste-
water, anaerobic digestion has been proposed to be 
conducted in two stages, in which there is a 
separation of steps: partial hydrolysis of particulate 

organic compounds is carried out in the first reactor, 
and the stabilization of the soluble compounds 
resulting from the first reactor occurs in a second 
reactor, allowing, in this way, the production of 
methane gas. The ABR, studied under stationary 
conditions with high organic loading rate, is capable 
of supporting hydraulic shocks but presenting a high 
organic removal efficiency of organic matter, mainly 
at low HRT (Pereira et al., 2010b). Conversely, there 
are doubts about the performance of this reactor after 
shutdown of this unit for a period, and its later 
restart, a situation that often occurs in full scale 
systems due to maintenance and electricity cuts. As a 
result, this study describes operational parameters 
which ally microbiological characteristics of the 
biomass with the performance of the ABR, built as a 
pilot-scale for the first stage of a system treating hog 
wastewater. 
 
 

MATERIAL AND METHODS 
 
Experimental Apparatus 
 

The ABR is one of the units that compose the 
system of hog wastewater treatment at the Federal 
University of Lavras (UFLA). This system consisted 
of two preliminary treatment units (solid retention 
box and a static sieve), installed in series before the 
primary treatment system. It consisted of an 
equalizing and acidification tank (EAT), where most 
of the solids were decanted. Subsequently, the 
effluent was directed to the secondary treatment 
system through a pump (brand NETZSCH, type 
NEMO) controlled by a frequency inverter (brand 
NM015BY01L06b, model WEG CFW08). The 
biological treatment consisted of two anaerobic units 
working in series; an anaerobic baffled reactor 
(ABR) and an upflow anaerobic sludge blanket 
reactor (UASB). The treated effluent was pumped to 
a greenhouse and used in fertirrigation experiments 
(Pereira et al., 2009; Pereira et al., 2010a; Pereira et 
al., 2010b; Moterani, 2010 and Pereira et al., 2011). 
 
The Anaerobic Baffled Reactor - ABR 
 

The ABR had three chambers, all operating with 
ascending flow. This reactor was built in solid brick 
masonry and sealed with fiberglass. The first 
compartment had a volume of 2.18 m3, the second of 
1.97 m3 and the third of 1.91 m3, corresponding to a 
total volume of 6.06 m3 and the surface areas were 
0.638 m2, 0.787 m2 and 0.832 m2, respectively. The 
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upward flow in each compartment was equalized by 
triangular weirs, whose purpose was to provide a 
homogeneous flow rate in order to avoid dead zones 
and hydraulic short-circuit. The installation of the 
ABR prior to the UASB was expected to provide 
suitable conditions for the early stages of anaerobic 
reactions (hydrolysis and acidification), seeking 
thereby to accelerate and optimize the step of the 
methanogenic process in the UASB unit. Also, along 
each chamber, four valves (sampling points) were 
installed for monitoring the sludge profile. The first 
valve stood at 1.75 m from the bottom and the 
subsequent valves equally spaced, on a diagonal, 
every 0.30 m. 
 
Monitoring of the ABR 
 

The sludge in each compartment of the ABR was 
leveled up until the last sampler, at the beginning of 
the study. The sludge profile in the reactor 
compartment was evaluated to determine the volatile 
solids that remained during the shutdown period. 
After sampling, the pump system was turned on, 
submitting the reactor to the same hydraulic 
retention time (HRT), hydraulic loading rate (HLR) 
and volumetric organic loading rate (VOLR) as in 
the previously stage. The ABR was monitored by 
sampling the influent and effluent, using composite 
samples collected by mixing eight single samples of 
250 mL: four samples collected in the morning and 
four in the afternoon. The samples were sent to the 
Water Analysis Laboratory of the Engineering 
Department and refrigerated at 4 °C. All samples 
were gathered in a two liter bottles to form a 
composite sample at the end of the day. Then 
physical-chemical analyses were carried out and the 
results presented in Table 1. The temperature and pH 
were measured at the time of collection. Periodically, 
the sludge excess was removed from the highest 
sampler in all ABR chambers in order to maintain a 
constant sludge volume inside the ABR and to allow 
the biological organic loading rate (BOLR) calcula-
tion. Analyses of total and filtered biochemical 
oxygen demand (BOD5), total suspended solids (TSS) 
and oil and grease (O&G) were performed weekly 
according to APHA et al. (2005).Twice a week were 
analyzed: pH, total and filtered chemical oxygen 
demand (COD), settleable solids, total acidity and 
temperature according to APHA et al. (2005) and 
total alkalinity (TA), partial alkalinity (PA) and 
intermediated alkalinity (IA) according to Ripley et 
al. (1986) and Jenkins et al. (1983). Once a month 
were analyzed total, fixed and volatile sludge solids 

(APHA et al. (2005)), scanning electron microscopy 
of the sludge (Pereira et al., 2009; Moterani, 2010) 
and fungi, aerobic and facultative bacteria (Specific 
microbiological kits (BacTray®)). 
 
Microscopy  
 

For the observation of the granules composition, 
the biomass samples were collected in the profile 
along the reactor compartments and stored in sterile 
vials of 70 mL. Part of this sample was directed to a 
stereoscopic microscopy, fluorescence microscopy 
and scanning electron microscopy (SEM). For 
stereoscopic microscope the sludge was washed with 
distilled water leaving only the settling sludge to 
display. For fluorescence microscopy 20 µL of 
sludge were separated and placed in 1.5 mL 
Eppendorf vials with 100 µL of distilled water, 
obtaining thus a dilution of 1:5. These Eppendorf 
vials were homogenized and 20 µL of sample were 
placed on a smooth glass slide, covered with a cover 
slip and observed under ultraviolet light illumination 
at increases of 40X and 60X. No reagent or coloring 
was added to the samples, as described by Moterani 
(2010). For SEM analysis the sludge aliquots were 
prepared by following the methodology described by 
Moterani (2010), in which 0.5 mL of the sample was 
washed in distilled water and the granules were 
separated and deposited on glass slides 1 mm in 
diameter within Petri dishes. Subsequently, the 
granules were immersed in Karnosvisky solution, 
modified for 24 hours (drying time of the fastener). 
The Karnovisky solution consisted of 2.5% 
glutaraldehyde, 2.5% formaldehyde in 0.05 M 
cacodylate, buffered at pH 7.2 with 0.001 M CaCl2. 
In a protected environment (laminar flow), 4 drops 
of 1% osmium tetroxide (OsO4) solution were added 
and kept thus for 4 hours at room temperature. Then 
the samples were rinsed in distilled water and dried 
in an environment protected from humidity for 24 
hours. After that, the samples were kept on metal 
stubs 12 mm in diameter and covered with gold 
sputtering. The samples were observed in a LEO 
scanning electron microscope, model EVO 40 and 
analyzed by LEOUIF software. 
 
Microbiology Fungi 
 

For microscopic analysis of fungi, the samples 
were collected by composite sample from each 
sampler of the ABR. The corresponding sludge 
volume of 5 mL was collected in sterile plastic 
bottles of 70 mL. The aliquots were sent to the 
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laboratory of Agricultural Research Company of 
Minas Gerais (EPAMIG) on the campus of UFLA, 
which were prepared for inoculation and cultivation. 
The sludge was cultivated in potato dextrose agar 
(PDA) as growth medium, to which was added 200 g 
of potato, 20 g dextrose, 20 g of bacteriological agar 
and one liter of distilled water. This growth medium 
was supplemented with chloramphenicol, in order to 
eliminate contamination by bacteria. After prepara-
tion, the growth medium was sterilized by autoclaving 
at 110 °C during 15 minutes. Later, they were placed 
in triplicate in Petri dishes of 90 mm and, under 
protection, in laminar flow. After solidification of 
the growth medium, the sludge samples were added 
and incubated in a chamber at 25 °C for 7 days. After 
this period, the fungi were isolated and identified. 
 
Aerobic and Facultative Bacteria 
 

The same methodology of collection for the fungi 
was applied to bacteriological tests. However, after 
the mixing of aliquots of sludge from the reactor, 
they were directly inoculated on eosinmethylene blue 
(EMB) solid medium, composed of eosin yellow, 
methylene blue, lactose, bacteriological peptone, 
dipotassium hydrogen phosphate, sucrose and agar 
for the isolation of enterobacteria, and cetrimide 
compound peptone agar, magnesium chloride, 
potassium sulphate, cetrimide and agar for isolation 
of bacteria of the genus Pseudomonas. Inocula were 
subjected to incubation in a chamber at 28 °C for 24 
hours. The colonies were found and characterized, 
then subcultured into nutrient agar composed of meat 
extract, soy peptone, sodium chloride, sodium mono-

hydrogen phosphate and subjected to agar and 
incubated for 24 hours at 28 °C, under the same 
conditions. After growth, Gram stain, catalase test, 
and oxidase and biochemical tests in the kit BacTray® 
were performed. 
 
 

RESULTS AND DISCUSSION 
 
Physical-Chemical Parameters 
 

The biomass buffering conditions in the ABR are 
shown in Table 1. As can be seen, the values 
remained close to neutral pH, with low coefficients 
of variation, indicating that the ABR has not suffered 
pH shock. The total alkalinity in the effluent is 
higher than the total alkalinity in the influent; this 
may have occurred during the degradation of various 
biochemical compounds, mainly protein from the 
feed, present in the effluent. The alkalinity 
generation is quite important in the digestion 
process, since it allows the neutralization of the 
volatile acids produced, increasing the pH, which 
favors methane production and stabilization of the 
organic matter. The intermediate alkalinity (IA) is 
the buffering of volatile acids and presents a higher 
concentration in relation to the partial alkalinity 
(PA). This ratio indicates high generation of volatile 
acids during the partial hydrolysis and acidification 
of the organic matter present in the wastewater; 
however, the concentration of total acidity remained 
low due to excellent buffering of the system. The 
influent temperature favored mainly mesophilic 
bacteria. 

 
 

Table 1: ABR influent and effluent buffering conditions and temperature 
 
 PA IA TA     

Descriptive Statistics 
Influent 

(mgCaCO3 L-1) IA/PA 
 

Acidity  
(mg L-1) 

pH 
 

Temp. (°C) 

Average±SD 1127±658 2239±1329 2716±1566     
Minimum 326 995 1032 0.3 1.5 6.4 18 
Maximum 3630 6741 8416 0.6 64.2 8.9 23 
CV 0.6 0.6 0.6 0.2 0.5 0.1 0.1 
 PA IA TA  
Descriptive Statistics 
Effluent 

(mgCaCO3 L-1) IA/PA 
 

Acidity  
(mg L-1) 

pH 
 

Temp.  
(°C) 

Average±SD 1889±412 2693±641 3801±816 0.7± 0.1 38±22 7.4±0.3 20± 1 
Minimum 1279 2052 2916 0.5 1.7 6.8 18 
Maximum 2741 4303 5508 0.9 94.8 7.9 23 
CV 0.2 0.2 0.2 0.1 0.6 0.0 0.1 

PA – partial alkalinity, IA – intermediate alkalinity, TA – total alkalinity, pH – hydrogenionic potential, Temp. – temperature,  
SD – standard deviation, CV – covariance 
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High concentrations of O&G are detrimental to 
granulation of the sludge in anaerobic reactors; these 
compounds evolve the grain by promoting density 
reduction and consequently flotation and washing 
out with the effluent. As can be seen in Table 2, the 
biomass of the ABR was subjected to a high influent 
concentration of O&G and proved effective in 
removing these compounds. This efficiency was due 
to the flow distribution of the baffles installed inside 
the unit, which helps the flotation of these com-
pounds to the surface of the reactor, thus promoting 
more time for degradation of oils and greases. It can 
be noted that the ABR had high efficiency in 
removing settleable solids and suspended solids. As 
high concentrations of TSS affect the sludge 
methanogenic activity, the ABR proved to be 
adequate to prevent these TSS concentrations from 
reaching the second stage reactor. 

Figure 1 shows the distribution of the removal 
efficiencies of COD and BOD in the reactors. As can 
be seen, in the first thirty days there was a low 
efficiency because the system stopped for a week, 
and also due to the removal of sludge, leveling the 
biomass in the reactor. It can be seen in the same 
figure that, even varying the global efficiency values, 
it tended to a more stable condition. However, the 
average values of COD removal were above 80% 
and BOD above 70%. The removal efficiency values 
were within the range described by Pereira et al. 

(2010). 
Table 3 shows the observed operating parameters 

of the ABR during the research. According to 
Chernicharo (2007), for full-scale systems treating 
wastewater with VOLR below 15 kgCODtotal m-3 d-1, 
it is possible to obtain an acceptable treatment effi-
ciency. In this work higher efficiencies were obtained, 
as seen in Figures 2a and 2b. The ABR was submitted 
to an average VOLR of 17.8 KgCODtotal m-3 d-1. 
However, Chernicharo (2007) says that efficiencies 
around 70% to 80% are found in anaerobic reactors 
with HRT relatively low (6 to 8 hours) treating 
domestic wastewater, with a maximum CODtotal of 
1000 mg L-1. In this study almost two times the HRT 
was used for removing a CODtotal of 26000 mg L-1, 
getting average efficiencies of 80% due to the good 
conditions of the acclimatized sludge, even after the 
system shut-down. Another procedure that may have 
contributed to the biogas production was the VOLR 
applied based on filtered compounds, which 
facilitated the acidification and methanification 
processes (Equation (4)). Even keeping the rotation 
of the pump steady, flow changes were observed, 
which caused variations in the HRT and in the HLR, 
but these variations did not affect the efficiency of 
the process, since the covariance of the data obtained 
was low. Another positive factor was the low applied 
HLR when compared to those found in the literature 
for high concentration wastewater. 

 
Table 2: O&G, ABR influent and effluent total settleable solids (TSS) 

 
 O&G (mg L-1) Settleable Solids (mg L-1) TSS (mg L-1) 

Statistics Influent Effl. Effi. (%) Influent Effl. Effi. (%) Influent Effl. Effi. (%) 
Average ± SD 1028 ± 790 574 ± 354 41 ± 26 401 ± 337 79 ±67 77 ± 18 11973  ± 12324 1362 ± 1469 78 ± 24 
Minimum 170 36 5,4 70 0.5 43 1403.3 507 21 
Maximum 2239 1023 79 900 180 99 37495 5207 97 
CV 0.8 0.6 0.6 0.8 0.8 0.2 1.0 1.1 0.3 
SD – standard deviation; CV – covariance, O&G – oil and grease, Effl. – Effluent; Effi – Efficiency. 

 

 
Figure 1: Removal of filtered COD, filtered BOD, COD global 
efficiency and BOD global efficiency 



 
 
 
 

304             F. Motteran, E. L. Pereira and C. M. M. Campos 
 

 
Brazilian Journal of Chemical Engineering 

 
 
 
 

Table 3: Operational parameters applied to ABR: VOLR (in terms of COD and BOD), HRT and HLR. 
 

Statistics VOLR  1 VOLR 2 VOLR 3 VOLR 4 HRT HLR 
Average ± SD 17.8±5.1 4.5±2.4 1.7±1.1 4.6±2.1 17.7±1.3 1.4±0.1 
Minimum 6.9 2.0 0.7 1.9 15.4 1.1 
Maximum 30.3 10.2 4.3 8.3 21.5 1.6 
CV 0.3 0.5 0.6 0.5 0.1 0.1 

SD – Standard deviation; CV – covariance; VOLR – Volumetric organic loading rate; VOLR 1 – in terms of (kgCODtotal m-3 d-1); 
VOLR 2 – in terms of dissolved COD (kg m-3 d-1); VOLR 3 – in terms of dissolved BOD (kg m3 d-1); VOLR 4 – in terms of total 
BOD (kg m-3 d-1);  HRT – (hour); HLR – (m3 m-3 d-1). 

 
 
Correlating efficiency data obtained with the 

BOLR applied to the ABR during the research, it 
was found that the models can be described by the 
following polynomials: 
 
Model 1:  
 

2E1 385 BOLR   1025 BOLR –  588.6= − +     (1) 
 
Model 2: 
 

2E2 59.36 BOLR  116.7 BOLR  3.384= − + +    (2) 
 
E1 represents the global efficiency of COD removal;  
 
E2 represents the efficiency of dissolved compounds 
removal and BOLR (Biological Organic Loading 
Rate). For Models 1 and 2, equating the first derivative 
to zero, the BOLR that provides the maximum 
efficiency for the process under research can be 
obtained to. 
 

2

Model 1:

E1 ( 385 BOLR 1025 BOLR

588.6) BOLR

∂ = − +

− ∂

       (3) 

 
E1 770 BOLR 1025

BOLR
∂

= − +
∂

       (3a) 

 
E1 0 find BOLR 1.3

BOLR
∂

= =
∂

      (3b) 

 

2

Model 2 :

E2 ( 59.36 BOLR 116.7 BOLR

3.384) BOLR

∂ = − +

− ∂

      (4) 

 
E2 118.72 BOLR 116.7

BOLR
∂

= − +
∂

      (4a) 

E2 0 find BOLR 0.98
BOLR
∂

= =
∂

        (4b) 

 
As can be seen from the equations above, the 

maximum global efficiency, concerning the BOLR, 
is 1.3 CODtotal kgTVS-1 d-1. In order to get the maxi-
mum efficiency for removing the COD, a BOLR of 
filtered COD about 0.98 CODtotal kgTVS-1d-1 is 
necessary. It was also observed that the BOLR had 
a significant effect on methanogenic activity and 
the estimated biogas production. Therefore, by 
increasing the BOLR, the biogas production also 
increases in an exponential fashion, as shown in 
Equation (5). 
 

0.798 BOLR 2AMA 0.1834 e      ( )   R 0.9955= =     (5) 
 
AMA: Apparent Methanogenic Activity (m3Biogas 
kgTVS-1 d-1) 
 
BOLR: Biological Organic Loading Rate Applied 
(kgCODtotal kgTVS-1 d-1). 
 

In relation to biogas production, a strong relation-
ship was found between this parameter and the 
global efficiency of the system, since the higher the 
overall efficiency of organic matter removal, higher 
the biogas production (Equation (6)). 
 

0.1503 2E 50.185 BP               (R  0.9739)= =   (6) 
 
E – Efficiency (%)  
 
BP- Biogas Production (m3 d-1). 
 

In this research, the average CODtotal influent was 
26000 mg L-1. Compared to the data presented by 
Fernandes and Oliveira (2006), considering also the 
lower hydraulic retention times (HRT) applied, it can 
be concluded that the removal efficiencies of total 
COD were higher. When comparing with data 
reported by Abreu Neto and Oliveira (2009), it is 
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possible to observe that those authors, working with 
higher HRT and lower VOLR, obtained lower 
efficiencies. However, in both studies (Fernandes 
and Oliveira, 2006; Abreu Neto and Oliveira, 2009), 
high efficiency removal of dissolved material was 
observed, higher than those observed in this study. 
Also, it can be noted that the higher HRT applied by 
the authors (Fernandes and Oliveira, 2006; Abreu 
Neto and Oliveira, 2009), more significant was the 
dissolved material removal and, consequently, the 
observed efficiencies. On the other hand, the lower 
the values of HRT applied in this study, the higher 
the effectiveness in the degradation of total COD, 
showing that the ABR is efficient for the removal of 
total COD when working with high volumetric 
organic loading rates (VOLR) and with low 
hydraulic retention times (HRT). 
 
Microbiology (Fungi) 
 

Fungi were found in microbiological analysis of 
the sludge in all ABR compartments. They were 
mostly of the gender Trichoderma sp., but gender 
such as Monilia sp., Fusarium sp., Cladosporium sp. 
and Rhizoctonia sp. were also observed. All these 
genders employ strict aerobic metabolism and are 
widely found naturally in soil and cultivars and can 
also colonize decomposing organic matter. These 
fungi have a growth temperature between 25 °C and 
30 °C and do not grow above 35 °C. In this study 
the average temperature of the liquid in the reactor 
was 20 °C, which provided the latency of these 
microorganisms in the biomass (Abdel-Faftah et al., 
2002). These results showed that, in addition to 
temperature, exposure to low concentrations of 
oxygen in the ABR did not hamper some species of 
fungi that may have been introduced into the reactor 
through the open channels, which carry the sewage 
to the system treatment. When these microorganisms 
are dormant, they can develop when exposed to 
suitable growth conditions, consuming organic 
matter and producing acids and other metabolites 
that can thus destabilize the anaerobic treatment unit. 
This behavior is also justified by the fact that most 
species of these genera of microorganisms can be 
spread through the air (airborne), which makes them 
very abundant in the environment, especially the 
genus Cladosporium sp., which can be classified as a 
dominant and universal fungus, found in virtually 
any environment (Pelczar 2002). 
 
Aerobic and Facultative Bacteria 
 

According to Chen et al. (2007), the anaerobic 

digestion process can contribute significantly to the 
reduction of pathogenic microorganisms in 
wastewater treatment. There are several factors that 
influence the survival of these microorganisms in 
anaerobic digesters, including temperature, hydraulic 
retention time, pH of the sludge and wastewater, 
chemical interactions and also the type of feeding, 
continuous or batch (Smith et al., 2005). According 
to Ferreira et al. (2003) and Souza et al. (2004), an 
integrated system of anaerobic digesters can reduce 
the density of coliform bacteria and fecal 
streptococci. However, when the influent of the 
system presents a high load of enteric 
microorganisms, it can provide high levels of these 
microorganisms, especially Escherichia coli. The 
biomass in the three compartments of the ABR was 
identified by means of specific microbiological tests 
(BacTray®); and only species of pathogenic 
microorganisms, such as Escherichia coli, could be 
identified with 100% specificity. So, with these tests, 
it was evident that the biomass of the ABR has the 
prevalence of strict and facultative aerobic bacteria 
that can influence the stability of the biomass 
responsible for the degradation of organic matter, 
mainly in the hydrolysis and acidogenic stages, 
benefiting the production of methane by the 
methanogenic archaea. 
 
Stereoscopic and Optical Microscope 
 

Stereoscopic microscopy was employed to view 
the sludge macro-consortium of ABR. Figure 2 
shows the diversity of materials found, which may or 
may not be part of the structure of the granules. The 
granule size ranged in diameter from 0.3 cm to 1.0 cm, 
which can be changed by the addition of minerals 
present in the effluent, such as sand or biological 
material, like plant residues and insects, as shown in 
Figures 2 (a, b, c, d). According to Schmidt & 
Ahring (1996), the granulation is a process by which 
dispersed biomass aggregates, forming well-defined 
pellets. It is a complex process involving different 
trophic groups of bacteria, as well as their physical-
chemical and biological interactions. In more 
complex substrates, the bead can contain, on its 
surface, fermentative acidogenic bacteria and 
hydrogenotrophic methanogenic archaea, while 
methanogenic archaea and acetogenic aceticlastic 
that produce hydrogen (H2) and carbon dioxide 
(CO2) may occupy the innermost layers. The matrix 
of the granule can be a solid material such as stones, 
sand, soil and other waste, or be constituted by the 
agglomerated biomass (bead), as happened in the 
ABR, where the biomass grew in dispersed form in 
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liquid medium without a support structure, or in the 
attached form on a support (inert material) forming 
the biofilm, as shown in Figure 4 (a, b). The 
formation of these granules is crucial, since a 
specific biomass, mainly microorganisms involved in 
removing organic matter from sewage (Moterani, 
2010), is regulated by the balance between the forces 
of cohesion and the shear stresses caused by the 
hydraulic parameters in the reactor and by the 
various chemical and biological conditions. 

Optical microscopy using white light detected 
some species of protozoa in the ABR sludge, which 
may be due to the low oxygen concentration in the 
medium, or even due to the fact that these 

microorganisms are in the residues of the samplers, 
since the valves presented a more suitable condition 
for their survival, Figure 3 (a, b). Therefore, besides 
bacteria, fungi and protozoa were also found, and 
occasionally rotifers, nematodes and even insect 
larvae, depending on the treatment system and 
effluent to be treated, as cited by Branco (1978). 
There is evidence that the protozoa present in the 
effluent may secrete exopolysaccharides (EPS), 
similar to some species of bacteria that aid in the 
adherence of other microorganisms to the bead. 
However, the protozoa found in this study were not 
identified and more research is needed on this 
subject. 

 
 

a b

c d

a b

c d
 

Figure 2: (a) Macroscopic structure of compartmentalized anaerobic 
granules. (b) Presence of organic residues. (c) and (d) Inert materials such as 
fragments and sand  
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Figure 3: (a) View of anaerobic sludge (100X) using white light 
microscopy, showing the existence of protozoa (1 and 3) and their clusters (2 
and 4). (b) Clusters of protozoa (1 and 2) in the ABR anaerobic sludge 
(100X) using optical microscopy with white light. 
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Scanning Electron Microscopy (SEM) 
 

In the first chamber of the ABR, shapeless 
aggregates were observed, consisting of both: 
organic and inert matter, as well as more dispersed or 
less aggregated microorganisms, as shown in Figure 
4 (a, b). A variety of microorganisms was observed a 
in the sludge in that chamber, including the presence 
of bacilli and the aggregation of these bacteria, 
together with the development of masses of 
microorganisms formed mainly by filamentous 
bacteria. The disaggregation and dispersed granules 
occur when bacteria lack cohesion, mainly because 
the organic loading applied in the chamber unit is 
very rich in complex substrates. This can occur even 
before a partial anaerobic digestion in the 
equalization and acidification tank (EAT). Micro-
organisms that grow scattered in the ABR are 
normally carried out into the following chambers of 
the ABR, a process known as washout. However, the 
biomass can aggregate and form bonds between the 
microorganisms and other support material, and are 
then retained in the sludge in the first stage reactor. 

In the second ABR compartment, more delimited 
granules were observed, when compared to the first 
compartment of the same reactor, as seen in Figure 5 
(a, b). The presence of various groups of bacteria in 
the granules support material increased the density of 
the granules. In this second compartment, there was 
also the presence of a large number of acidogenic 
and acetogenic bacteria, which have different 
ecological functions and different metabolic rates.  

In the third compartment of the ABR, more 
structured and denser granules were observed. Due 
to the consistency of these granules, many holes 
were found in them, used for output of the biogas 
produced by the bacteria. These holes were not 
observed in earlier compartments. Also noted was a 
better interaction between organisms and the 
surrounding supports, made of organic matter, inert 
materials and other organisms, as shown in Figure 6 
(a, b). In Figure 6b a large number of filamentous 
bacteria are forming networks among themselves and 
with other structures of mud, thus constituting units 
that are more resistant to shear forces caused by 
hydraulic loads. 

 
 

 

1  
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1
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Figure 4: (a) In the first compartment of the ABR, groups of bacteria in the 
form of bacilli and filament (1 and 2). (b) (1) Microbial diversity and a 
training bead; (2) filamentous bacteria; (3) Bacilli  
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Figure 5: (a) Formation of more cohesive and defined granules in the second 
compartment of the ABR. (b) Presence of several bacteria on the surface of 
granules, as: (1) filamentous bacteria (2) bacilli and (3) coccus (Sarcina) 
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Figure 6: (a) Presence of inert material as a substrate for bacterial 
attachment in the formation of the granules in the third ABR chamber. (b)   
(1 and 2). Several bundles of filamentous bacteria in several layers of 
granules. (3) Association with other forms of these bacteria like bacilli. 

 
 
Even for methanogenic archaea, which are more 

susceptible to large variations of the microenviron-
ment, these crowded structures were beneficial. It is 
assumed that the predominance of filamentous 
bacteria occurs due to more selective substrates for 
this bacterial species, providing the necessary inputs 
and environmental conditions favorable for their 
growth in relation to other microbial groups. Among 
the metabolic products generated by acidogenic and 
acetogenic bacteria, only hydrogen and acetate can 
be used by methanogenic archaea as input for 
methane generation. However, there is interaction 
between these bacteria and other groups, as seen in 
Figure 6 (a, b). 
 
 

CONCLUSION 
 

The ABR (full-scale) required 116 days to 
recover the stability condition after a one month 
shut-down. The ABR showed an efficiency of 
removal of COD above 80%. The ABR was also 
effective in removing oil and grease and suspended 
solids. It qualifies as a suitable reactor to be used as a 
first stage, since these compounds affect granular 
sludge formation and, therefore, the methanification 
in the second stage reactor. The consortium of the 
biomass (sludge) present in the ABR is highly 
diversified, composed of several fungi, aerobic and 
facultative bacteria and protozoa. Granules were 
present from the first until the third chamber, where 
an even higher microbial diversity was observed, 
evidenced by cocci, bacilli and filaments. The largest 
aggregation of biomass occurred in the third 
compartment of the first chamber, where there were 
fewer granules and larger quantities of scattered 

biomass. There was a greater prevalence of coccus in 
the second, and more filamentous bacteria in the 
third chamber. 
 
 

ACKNOWLEDGEMENTS 
 

The authors thank FAPEMIG and CNPq for 
financial support and the Water Analysis Laboratory 
of the Engineering Department of UFLA (LAADEG) 
for carrying out the physical-chemical analysis. 
 
 

REFERENCES 
 
Abreu Neto, M. S., and Oliveira, R. A., Remoção de 

matéria orgânica, de nutrientes e de coliformes no 
processo anaeróbio em dois estágios (reator 
compartimentado seguido de reator UASB) para 
o tratamento de águas residuárias de suinocultura. 
Engenharia Agrícola, v. 29, n. 1, p. 148-161 (2009). 
(In Portuguese). 

Abdel-Faftah, G. M. and Abo-Hamed, N. A., 
Bioconversion of poultry wastes i-factors influ-
encing the assay and productivity of crude uricase 
by three uricolytic filamentous fungi. New 
Microbiololy, 25:57-64 (2002). 

Angenent, L. T., Sung, S. and Raskina, L. Methano-
genic population dynamics during startup of a 
full-scale anaerobic sequencing batch reactor 
treating swine waste. Water Research, v. 36, n. 3, 
p. 4648-4654 (2002). 

APHA/AWWA/WPCF, Standard Methods for the 
Examination of Water and Wastewater. 21th, 
Washington, p. 1569 (2005). 

ASAE, Procedure for Sprinkler Distribution Testing 



 
 
 
 

The Behaviour of an Anaerobic Baffled Reactor (ABR) as the First Stage in the Biological Treatment of Hog Farming Effluents              309 
 

 
Brazilian Journal of Chemical Engineering Vol. 30,  No. 02,  pp. 299 - 310,  April - June,  2013 

 
 
 
 

for Research Purposes. In: Agricultural Engineers 
Yearbook, St Joseph, Michigan, ASAE, p. 568-
570 (1990). 

Barber, W. P. and Stuckey, D. C., The use of anaerobic 
baffled reactor (ABR) for the wastewater 
treatment: A review. Water Research, v. 33, n. 7, 
p. 1559-1578 (1999). 

Branco, S. M., Hidrobiologia Aplicada à Engenharia 
Sanitária. 3a, Ed., São Paulo: CETESB, p. 620 
(1978). (In Portuguese). 

Campos, C. M. M., Saléh, B. B. and Carmo, F. R., 
Determinação de parâmetros cinéticos utilizando 
reator anaeróbio de manta de lodo (UASB) em 
escala laboratorial para remoção da carga 
orgânica de efluentes de suinocultura. Ciência e 
Agrotecnologia, Lavras, v. 29, n. 5, p. 1045-1051, 
set./out. (2005). (In Portuguese). 

Chernicharo, C. A. L., Reatores anaeróbios: Princípios 
do tratamento biológico de águas residuárias. 
Belo Horizonte: Polytécnica, p. 379 (2007). (In 
Portuguese). 

Chen, Y., Cheng, J. J. and Creamer, K. S., Inhibition 
of anaerobic digestion process: A review. 
Bioresource Technology, v. 98, n. 12 (2007). 

Cook, K. L., Rothrock Jr., M. J., Lovanh, J. K. N. 
and Sorrell, J. H. L., Spatial and temporal changes 
in the microbial community in an anaerobic swine 
waste treatment Lagoon. Anaerobe, v. 16, p. 74-
82 (2010).  

Diesel, R., Miranda, C. R. and Perdomo, C. C., 
Coletânea sobre dejetos de suínos. Boletim 
Informativo EMBRAPA – Empresa Brasileira de 
Pesquisa Agrapecuária, BIPERS, n. 14, Ano 10, 
Agosto (2002). (In Portuguese). 

Fernandes, G. F. R. and Oliveira, R. A., Desempenho 
de processo anaeróbio em dois estágios (reator 
compartimentado seguido de reator UASB) para 
Tratamento de Águas Residuárias de Suinocultura. 
Engenharia Agrícola, v. 26, n. 1, p. 243-256 (2006). 
(In Portuguese). 

Ferreira, F. L. A., Lucas Jr. J. and Amaral, L. A., 
Partial Characterization of the polluting load of 
swine wastewater treated with an integrated 
biodigestion system. Bioresource Technology,    
v. 90, n. 4, p. 101-108 (2003). 

Jenkins, S. R., Morgan, J. M. and Sawyer, C. L., 
Measuring anaerobic sludge digestion and growth 
by a simple alkalimetric titration. Journal Water 
Pollution Control Federal, v. 55, n. 5, p. 448-453 
(1983). 

Larsen, H. E., Munch, B. and Schlundt, J., Use of 
indicators for monitoring the reduction of patho-
gens in animal waste treated in biogas plants. 
Zentralblatt für Hygiene und Umweltmedizin,    

v. 195, n. 6, p. 544-555 (1994). 
Moterani, F., Monitoramento biológico e físico-

químico de reatores anaeróbios (RAC-UASB) no 
Tratamento de Efluentes Líquidos da Suinocultura. 
Dissertação (Mestrado em Engenharia Agrícola), 
Universidade Federal de Lavras, p. 220 (2010). 
(In Portuguese). 

Pelczar, M. J., Chan, E. C. S. and Krieng, N. R., 
Microbiologia: Conceitos e Aplicações. 2ª Ed. 
São Paulo, Makron Books (1996), p. 524, Silveira, 
V. D. Micologia. 5ª Ed. Rio de Janeiro, Âmbito 
Cultural (1995), Trabulsi, L. R., Alterthum, F., 
Microbiologia. 4ª Ed. São Paulo, Atheneu. p. 717 
(2005). (In Portuguese). 

Pereira, E. L., Campos, C. M. M. and Moterani, F. 
Efeitos do pH, acidez e alcalinidade na 
microbiota de um reator anaeróbio de Manta de 
Lodo (UASB) tratando efluentes de suinocultura. 
Revista Ambiente & Água, v. 4, p. 157-168 (2009). 
(In Portuguese). 

Pereira, E. L., Campos, C. M. M. and Moterani, F., 
Evaluation of physical-chemical performance of 
an UASB reactor in removing pollutants of pig 
wastewater. Revista Ambiente & Água, v. 5, p. 
79-88, (2010a). 

Pereira, E. L., Campos, C. M. M., Moterani, F. and 
Oliveira Neto, A. M., Eficiência de um sistema  
de reatores anaeróbios no tratamento de efluentes 
líquidos de suinocultura. Acta Scientiarum 
Technology, v. 33, p. 287-293 (2011). (In 
Portuguese). 

Pereira, E. L., Campos, C. M. M. and Moterani, F., 
Physical-chemical and Operational Performance 
of an anaerobic baffled reactor (ABR) treating 
swine wastewater. Acta Scientiarum Technology, 
v. 32, p. 399-405 (2010b). 

Ripley, L. E., Boyle, W.C. and Converse, J. C., 
Improved alkalimetric monitoring for anaerobic 
digestion of high-strength wastes. Journal Water 
Pollution Control Federation, v. 58, n. 5, p. 406-
411 (1986). 

Robinson, K., Saxon, J. R. and Baxter, S. H., 
Microbiological aspects of aerobically treated 
swine waste. In: Proc. Internat. Symp. on 
Livestock Wastes. American Society of Agricultural 
Engineers, Michingan, p. 225-228 (1971).  

Schmidt, J. E. and Ahring, B. K., Granular sludge 
formation in upflow anaerobic sludge blanket 
(UASB) reactors. Biotechnology & Bioengineering, 
New York, v. 49, n. 3, p. 229-246 (1996). 

Smith, S. R., Lang, N. L., Cheung, K. H. M. and 
Spanoudaki, K., Factors controlling pathogen 
destruction during anaerobic digestion of 
biowastes. Waste Management, Oxford, v. 25,    



 
 
 
 

310             F. Motteran, E. L. Pereira and C. M. M. Campos 
 

 
Brazilian Journal of Chemical Engineering 

 
 
 
 

n. 4, p. 417-425 (2005). 
Souza, J. T., Haandel, A., Lima, E. P. C. and 

Henrique, I. N., Utilização de wetland construído 
no pós-tratamento de esgoto doméstico pré-
tratados em reator UASB. Engenharia Sanitária e 
Ambiental, Rio de Janeiro, v. 9, n. 4, p. 285-290 

(2004). (In Portuguese). 
Vossoughi, M., Shakeri, M. and Alemzadeh, I., 

Performance of anaerobic baffled reactor treating 
synthetic wastewater influenced by decreasing 
COD/SO4 ratios. Chemical Engineering and 
Processing, v. 42, n. 10, p. 811-816 (2003). 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


