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ABSTRACT

The present work aimed at studying the operatigreabmeters of an Anaerobic Hybrid Reactor (AHR) ogimg
organic matter of coffee wastewater with low conidion. The AHR was built similar to an UASB react
however the interior was filled with mini-filteromposed by two types of support materials: exparoteyg and
rolled pebble. Three start-ups were accomplishedrider to achieve the stationary state (steadyetathree
hydraulic retention times were appraised: 28.5;®4nd 18.0 h, obtaining a volumetric loading raté R) of 0.70;
0.56; 0.54 kg COD td* and a biological organic loading rate (BOLR) 0D@56; 0.0103 and 0.01213 kg BOD
kg TVS d*. Due to the decrease in the concentration of oigamatter in the influent, the endogen procesststhr
to occur on the biomass lowering the methanogertcegss.
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INTRODUCTION Pereira et al.,, 2011). The trend is that the
productive sector takes the responsibility for the
Issues concerning energy economy, environmentgroblems of the environmental degradation, and
conscience and conformity with the safety's rulegherefore the governmental organizations must
have been lifted up in order to reach the bestxercise a great pressure on the non-governmental
solution for each one of the specific cases. Ieord organizations (NGOs) and also on the society.
to take care of the environment that surrounds ughis issue has a great importance in Brazil, mainly
one must consider to treat the wastewaters that cafier the approval of the law concerning the
pollute the rivers and soils, and, mainly, toEnvironmental Crimes, which is in agreement with
produce appropriate alternatives, as reductiorihe law n° 9605 of February 1998 (Pereira et al.,
reutilization and recycle (Chaiprasert et al., 20032010a; Pereira et al., 2010b; Pereira et al., 2011)
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Besides preserving the springs of water, tharea commonly work with effluents of high

treatment of liquid effluents is directly inserted concentration (Campos et al., 2010).

the context of the above-mentioned maintainabl&he present work aimed at studying the
development, satisfying the current needs withoutperational parameters for optimizing the hybrid
reducing the perspectives of the future generatiorenaerobic reactor (AHR) as part of an effluent
(Pereira et al., 2009; Pereira et al., 2010a). treatment system operating with low organic loads.
The anaerobic systems applied to wastewater

treatment have frequently been used with the

purpose of optimizing and minimize the costsMATERIAL AND METHODS

(Pereira et al., 2010). However, to be used as a

unique treatment, it has certain limitation withThe experiment was carried out in the Pilot Station
relationship to its efficiency, normally being built for treating the coffee wastewater and it was
necessary to be polished using other treatment undcated in the Coffee Research Center

(Metcalf and E_ddy, 2003). (CEPECAFE), of the Department of Agriculture of
The anaerobic system should be low energyhe Federal University of Lavras, MG, Brazil. The
consuming process (Chernicharo, 2007). system was composed with preliminary treatment

Among many post-treatment alternatives, ongPT), with two screens, sand sedimentation tank,
option is the anaerobic filters. These filters argecondary treatment composed by a stabilization
characterized by the presence of a packingond (SP), two concentric UASB reactors working
material to which the sludge (bacterial materialjn series with pressurized equalization tank, an
can stick and grow, forming the biofilm, or even itanaerobic hybrid reactor (AHR), three filters for
can grow in void places among the mediunH,S removing, three gas-meters, two aerobic batch
forming the interstitial biofilm. These anaerobicreactors (ABR), a drainage bed sludge (DBS), six
filters have the capability to remove the organigeservoirs and a pumping system composed with
matter (Colin et al., 2007). Campos et al. (2010)six pumps (Fig. 1).

studying the UASB reactors in laboratory scaleThe anaerobic hybrid reactor (AHR) was built
found that the biological processes of organiaising orthoftalic polyester resin of Merk and later
matter removing depended on the microorganismsovered with reinforced blanket fiber roving
activity which in turn depended on thereinforced with steel plate rings and wrapped with
acclimatization with the food source, pH,orthoftalic gel-coat. The unit had a diameter &f 1.
alkalinity and other parameters. The efficiency oim, height of 4.0 m and liquid volume of 3,107 L. It
this degradation was linked to the operationahlso had a three-phase separator (TPS) with height
parameters applied to the reactors. Fia et abf 1.37 m, built with fiberglass. The AHR,
(2010), treating the coffee wastewater with a CORontained 54 PVC mini-filters (1.0 m of length and
concentration varying from 812 to 5,320 mg L 0.1 m of diameter). The mini-filters contained two
evaluated anaerobic reactors of fixed bed using agpes of support material: expanded clay and
support high-oven scum, polyurethane foam angblled pebble (Fig. 2).

pebble no. 2. The authors got a COD removarhe AHR was seeded using the domestic sludge.
average efficiency of 80%, observing a variety offhe sludge was discharged in the digestion
microorganisms in the biofilm, such as bacilli,compartment, close to the three-phase separator
curved bacilli, filaments, and similar morphologies(TPS), until the height of 4 meters.

as theMethanosaetasp. andMethanosarcinasp.  The mini-filters were placed in the AHR and the
However, since the coffee is an annual culturs it iproportion between the rolled pebble and
common that at the end of the crop theexpanded clay was defined through the
concentration of the effluent decreases, demandirgxperimental tests. A nylon screen was adapted to
more care with relationship to the operationathe TPS so that the mini-filters did not occupy its
parameters applied to the reactor. It is still amnterior (Fig. 3).

unknown situation, because the researchers of the
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Figure 2 - (a) Mini-filters with expanded clay balls and rall@ebble (round quartz stone) (b)
AHR illustration.

Figure 3- Three-Phase Separator (TPS).

The reactor was submitted to three start-ups aftéinese, total and partial alkalinity and total atgidi
inoculation.  Before each  start-up, thewere also tested. Periodically, the samples from
concentration of total volatile solids (TVS) of thethe AHR were collected in order to determine the
biomass and the COD concentration of the influertbtal fixed and volatile solids concentrations. The
were evaluated. The temperature of the treatmepkperiment was monitored during a period of 136
units was monitored by the thermo-resistors andays.

the data were registered using two computerized

registers, Eurotherm mark. The pH was measured

using a Hach according to the hydrogenioniRESULTS AND DISCUSSION

potential methodology 4500-H-B (APHA et al.,

2005). The alkalinity was measured using als®tart-up of the system

hydrogenionic potential methodology, accordingThe first start-up was carried out 13 days after th
to Ripley et al. (1986). The NTK, COD, BOD, inoculation. The whole system worked automated
total solids (TS), total fixed solids (TFS), totalusing a logic programmable controller (LPC),
volatile solids (TVS) analyzed followed the which controlled several solenoid valves and level
Standard Methods for Examination of Water andontroller sensors installed inside the reactos an
Wastewater (APHA et al., 2005). The following containers. During the experiment, the automated
parameters were monitored daily, temperature afystem failed two times, and it was necessary to
the liquid influent and of the environment, start up again after each failure. The parameters
humidity, pH analyses, electric conductivity, concerning the inoculation and the three start-ups
salinity and total dissolved solids (TDS). Besides
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are present in Table 1. These values correspondednsequence of the smallest concentration of
to the samples analyzed during each start-up. BOD;, in the first start-up, which was 310 m¢ L

It was noted that the values for the majority af th and in the second start-up fell to 280 my.In the
observed parameters were quite close, excefitird start-up, the BOLR increased to 18%,
BOD:s that presented an increase, probably due foroportionate to the addition of coffee peel in the
the washing of solids outside of the reactor (washond with the purpose to increase the organic
out). There was a reduction in BOLR inmatter.

Tablel -Observed parameters in the inoculation and inhheetstarted-ups of the pilot system referred ¢cAHR
treating coffee wastewater.

Parameter Inoculation F'startup 2" startup 39 startup
COD (mg LY - 828 665 645
BODs (mg L) - 310 280 380
BORL (Kg BOD;Kg TVS' d}) - 0,0156 0,0103 0,01213
Xvt (kg TVS) - 51,926 71,25 82,09
HRT (hour) - 28,5 28,5 28,5

Q (nfd?Y - 2,62 2,62 2,62
VLR (Kg BODs ;2 d™) - 0,26 0,236 0,32
VLR (Kg CODs ;2 d?) - 0,70 0,56 0,54

pH 5,34 7,34 7,06 6,73
TEMPERATURE (°C) 19,05 19,06 22,3 22,6
EC (dS ) 0,63 0,83 0,82 1,15
TDS (Mg L% 507 645 640 903

Obs.: The operational parameters as HRT and VLR ba&sed on the total volume of reactor.

Evaluation of the system in the stationary state order to improve the stability and growth of the
(steady-state) biomass. When the BQof the effluent was 23,
Considering all the experimental period, it was22 and 25 mg t and the variations were lesser
observed that the reactor worked in the mesophilithan 10% (Metcalf and Eddy, 2003), (which was
temperature, quite appropriate for anaerobiafter the 77 day), it was assumed that the AHR
processes, with an average of effluent temperatureached the steady-state condition. It was observed
of 23.7C. The average concentrations of alkalinitythat the concentration of organic matter in the
and total acidity were 450 mg CagD" and 46 AHR affluent was decreasing, therefore, the flow
mg L*, respectively. The pH did not changerate was increased, in order to increase the VLR,
greatly, demonstrating high buffer conditions.even decreasing the HRT. Although the flow rate
After three successive start-ups and after theas increased, the B@Bvent on decreasing (Fig.
transient period, the system was monitored daily id).
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Figure 4 -Behavior of BOR,, during the system monitoring.
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Due to the low concentration of organic matterwas no washout of the solids and dissolved solids
after 106 days, the filtered BOD was monitoredhat made up most of the BOD, and the values of
(Fig. 5), with the purpose of knowing the suspended solids were negligible. The observed
dissolved matter concentration capable ta@oncentration of TVS for HRT of 28.5 hwas about
degrade the BOR, measures the dissolved and23,930 mg [}, for HRT of 23.73 h it was about
also the suspended solids, which can happen did&,84 mg [* and for HRT of 18.03 h, it was
to the wash-out of the sludge, causing negativé2,037 mg L[*. Although there was increased flow
efficiency, even when the system operates at ideedte in AHR a decrease was observed in the
conditions. Therefore, it was necessary to analyzeoncentration of TVS in the sludge. This
the filtered BOD, considering only the dissolvedphenomena was associated with the decreased
solids, minimizing the wash-out of the sludge. VLR (Fig. 6), which was due to the dilution of the
Comparing the values of total BOD and theeffluent. This led to decrease availability of
filtered BOD, it was observed that the two hadsubstrate for the microorganisms, possibly caused
similar values, about 6 mg*,indicating that there by the endogenia.

Filtered BODs (mg L)

106 111 116 121 126 131 136
Days

—s—Influent —a—Effluent

Figure 5 - Behavior of filtered BOD during the 18 h HRT.
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Figure 6 —Relationship between the sludge development andliberved volumetric loading rate
(VLR) in the AHR.

Even reducing the HRT the decrease was ndt was observed that the operational parameters
enough in order to get a mass increase of TV3ad a limited interference in the process, in other
since the shortest time used was 18.03 h (Fig. Anords, the increase or decrease of the flowrate to
This meant that this time should be reduced belowattempt the maintenance of loads were just
12 h, whereas AHR might operate with a very lowapplicable = when  there  was  favorable
biological organic loading rate (BOLR). The lackconcentrations.

of organic matter provoked low sludge production.

Braz. Arch. Biol. Technol. v.54 n. 5: pp. 973-9&2pt/Oct 2011



Start-up and Steady-State Conditions of an Anaerdibrid Reactor (AHR) Using Mini-Filters 979

100 -
90 A
80 e
70 A
60
50 A
404 * keTVS =-1,673HRT? + 38,68HRT - 150,2
30 R*=10.,901

20

kg TVS in Biomass

1
*

6,00 8,00 10,00 12,00 14,00 16,00
HRT (hours)

Figure 7 - Mass variation concerningVs for different HRT.

The model equaton observed in the Figure 7 wae 110 cm). As the flow of AHR was in ascending
obtained by regression: order, the eighth extract presented, in all the
y = -1,6734x + 38,681x-150,21 situations, a smaller concentration than the sévent
stratum, possibly due to the flotation phenomenon

Deriving the cited equation, one can obtain theaused by the biogas production.
following expression: The average concentration of TVS for HRT=28.5
dy d(—1,6734X2+ 38,681x — 150,21) h was about 23,930 mglL for HRT=23,73 h

= about 17,841 mgt and for HRT=18,03 h about
12,037 mg ['. There was a lowering in the
Equaling the first term to zero in order to fine&th concentration of TVS of the sludge, associated
maximum of the function, one can obtain thewith the lowering of the biological organic loading
following expression: due to the decreasing concentration of the effluent
This possibly decreased the substratum readiness

dx dx

dy . . ;
i 0 to the microorganisms, causing endogen.
X
—3.3468x + 38.681 =0 Nitrogen and Phosphorus
_ For the biological treatment the phosphorus
x =11.6 hours concentration should reach compatible levels to

_ _ improve the biochemical processes of oxidation of
Since the result was x=11.6, according to thg,q organic matter, and the proportion of

model, the HRT must be more than 11.6 h in thﬁhosphorus needed for removing the

AHR, or therefore would not have any effect onyjojegradable organic matter should have the rate
the biomass due to its low BOLR applied in they sgop/p < 100 (Metcalf and Eddy, 2003). The
reactor. _ largest concentration of R was during the first
Figures 8a, b and ¢ show the curves obtained frompT (28.5 h), reaching 0.4 mg'Lin the effluent

the TVS for HRT of 28.5, 23.7 and 18.0 N, 4t he AHR. The value of P in the effluent for the
respectively. The concentration of solids in threg,qt HRT (18.03 h) was of 0.11 mg'Lvalue
HRT was very homogeneous along the stratgye|qy the maximum concentration allowed by the
corresponding to the ports 1 (h=350 cm), 2 (h=3lﬂegislation, ie, 015 mg 1 for class 3
cm), 3 (h=230 cm), 4 (h=190 cm) and 5 (h=15QcoNAMA, 2005). With such low concentrations
cm). The average values for each stratum was 23g; phosphorus, the ratio of BQDP was very high
251; 656; 437, 7.006; 44.603; 42.720 and 47.47f the AHR, about 1732, showing that there was a
mg L" for the ports 1, 2, 3, 4,5, 6, 7 and 8,50y of this nutrient for the microorganisms, and
respectively. Another factor that got the attention, s contributed to the phenomenon of endogen.
was that there was a larger concentration of Tv%oncerning the nitrogen, close values were

of the sludge in the last three strata of AHR (B = ypgeryed for the two collected points, showing that
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the removal was very low and that the amount oEvaluation of the organic loading rate and
nitrogen was stable in the influent and in thebiogas production

effluent of the AHR. The analyses of nitrogenThe evaluation of the removal efficiency of
were accomplished after the third start-up, whewrganic matter was made in function of the
the system already worked with low parameter of the total COD and also BOD5 (Table
concentrations of organic matter and the activity 03)

the biomass was quite small (Table 2).
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Figure 8 - Concentration of solids in the profile of AHR fqa) HRT=28.5 h; (b) HRT=23.7 h; (c)
HRT=18.03 h.
Table 2 -Concentration of NTK and P in the influent and wdfit of AHR.
NTK (mg L7 P (mg LY
Influent Effluent Influent Effluent
HRT | 70 75 0,25 0,16
HRT Il 35 35 0,22 0,16
HRT Il 55 53 0,12 0,11

Table 3 -Average values of the removal efficiencytbé COD and BOL of the anaerobic hybrid reactor ( AHR) at
different hydraulic retention times (HRT).

COD (mg L' BODs(mg L)
Influent Effluent Removal (%) Influent Effluent Reval (%)
HRT | 484.0 344.51 28.8 39.0 24,33 37.61
HRT Il 168.0 159.33 0.5 20.17 20.53 0
HRT Il 92.0 90.75 0.1 6.3 7.9 0

AHR was operated in a quite stable manner duringoncentration to the AHR of 17.6 mg B@D™.
the first HRT and with reasonable B@f@2moval Initially, the reactor operated with the influerft o
efficiency; it presented an influent average39 mg BOR L™ and in the end of the experiment,
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the influent BODs was only 6 mg BODL* removal. Figures 4 and 5 show the parameters
mainly due to the excessive dilution of therelated to the HRT and VLR influencing the
wastewater and consequently low concentration afoncentration of the volatile solids of the sludge.
organic matter, which was virtually removed fromThe removal efficiencies of organic material were
the units prior to the AHR. Initially, the reactor considered very low when compared with other
was operated with an influent with 827 mgworks (Campos et al., 2010; Fia et al.,, 2010
CODyw L and at the end of the experiment, thePereira et al., 2010) since this reactor is
influent concentration of COE, was only 64.67 considered of high loading, as the upflow
mg L*, showing that in the end, caused by thenaerobic sludge blanket reactor (UASB) and
endogen, there was washout of the of dead celémaerobic filter, the AHR could have had
from the AHR. efficiency ranging from 75 to 80%. The biogas
The low values were due to the low solidproduction from the AHR obtained in the 136 days
concentration present in the influent of the AHRcan be seen in Figure 9. This was well below the
therefore, the biodegradable part was practicallpccumulated volume of methane, calculated
removed in the previous units and the AHRtheoretically for each experimental stage using the
presented low efficiency concerning the removaequations described by Prado and Campos (2009)
of dissolved material. that was 23.8; 0.40 and 0.40°’,nnespective|y for
During the monitoring, the AHR was operatedthe three periods evaluated, considering the three
with average efficiency of 11.58% for CQR HRT applied in the reactor.

1,1184

%)

~1,1182

1,118 -

iogas (m

1,1178 4

?

Production

ofb

1,1176 +

1,1174

0 20 40 60 80 100 120 140
Days

Figure 9 - Reading of the production of biogas of the anaerblgbrid reactor (AHR).

It was possible that the biogas was exhaustedOD, along the experiment, was: 0.18 @i, kg
through the TPS from the upper part of AHR dueDQO,;" d™.

to the increase of the head loss caused by the

equalization pressure tank. Therefore, the readings

of the gas meter were quite low when compare€ONCLUSION

with the theoretical values. Using the production

of methane calculated from the total amount offhe efficiency of the reactor in removing organic
biomass of the unit, estimated by the sum up of thaatter was hampered by the low biological and
TVS profile collected from each sampler port ofvolumetric organic loading rates applied, and
the reactor's profile, it was possible to estimatéherefore the AHR worked well below its capacity.
and the calculated values of the theoreticaf decrease was observed in the concentration of
methanogenic activity (TMA) in the AHR, were: the sludge (TVS), associated with biological
4.5; 0.36 and 0.38 L CHkg TVS*d™® for HRT of reduction of organic load, although the flow was
28.5; 23.7 and 18.0 h, respectively. The averagecreased. This explained process reduced the
daily production of CHi related to the removed availability of substrate for microorganisms
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causing endogen. Organic matter was a limiting/etcalf and Eddy (2003), Wastewater engineering:
factor for the development of biomass, becausetreatment, disposal and reuse. 4. Ed. New York:
there was lack of influent organic matter and McGraw—Hill. , B
consequently lack of nutrients, particularly'\'aRt'on‘"}I i Cour;;I? OfZOI)hSe el?vwg_nment. Bras"'tﬁ'
phosphorus, causing low sludge production, o0 dHon (2005), It disposes on the
; k . .’ classification of the bodies of water and
irrelevant biomass growth in the support media

o . . environmental guidelines for your framing, as ved|
(biofilm), and no flocculation or granulation. Even i astablishes the conditions and patterns of afes

so, the unit demonstrated physical-chemical release and he/she gives other providenGéficial
stability, even when operated with low loads. Diary of the Federative Republic of BraBirasilia
Pereira, E. L.; Campos, C. M. M.; Moterani, F. (200
Effects of pH, acidity and alkalinity on the miciota
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