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ABSTRACT: In this study it was evaluated the efficiency of the treatment of wet-processed coffee
wastewater in upflow anaerobic sludge blanket (UASB) reactors in two stages, in bench scale,
followed by post-treatment with activated sludge in batch. The first UASB reactor was submitted to
an hydraulic retention time (HRT) of 6.2 d and organic loading rates (OLR) of 2.3 and 4.5¢g
CODtotal (L d)*, and the second UASB reactor to HRT of 3.1 d with OLR of 0.4 and 1.4g
CODtotal (L d)™. The average values of the affluent CODtotal increased from 13,891 to 27,926mg
L and the average efficiencies of removal of the CODtotal decreased from 95 to 91%, respectively,
in the UASB reactors in two stages. The volumetric methane production increased from 0.274 to
0.323L CHy (L reactor d)™ with increment in the OLR. The average concentrations of total phenols
in the affluent were of 48 and 163mg L™, and the removal efficiencies in the UASB reactors in two
stages of 92 and 90%, respectively, and increased to 97% with post-treatment. The average values
of the removal efficiencies of total nitrogen and phosphorus were of 57 to 80% and 44 to 60%,
respectively, in the UASB reactors in two stages and increased to 91 and 84% with the post-
treatment.
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DESEMPENHO DE REATORES UASB EM DOIS ESTAGIOS SEGUIDOS DE PQS-
TRATAMENTO COM LODOS ATIVADOS EM BATELADA DE AGUAS RESIDUARIAS
DO BENEFICIAMENTO DE CAFE POR VIA UMIDA

RESUMO: Neste trabalho, avaliou-se a eficiéncia do tratamento de A&guas residuarias do
beneficiamento de café por via tmida em reatores anaerdbios de fluxo ascendente com manta de
lodo (UASB), em dois estagios, em escala de bancada, seguidos de pos-tratamento com lodos
ativados em batelada. O primeiro reator UASB foi submetido a tempo de detencdo hidraulica
(TDH) de 6,2 d e a cargas organicas volumétricas (COV) de 2,3 e 4,5 g DQOtotal (L d)*, e o
segundo reator UASB a TDH de 3,1 d e a COV de 0,4 e 1,4 g DQOtotal (L d)™. Os valores médios
de DQOtotal do afluente aumentaram de 13.891 para 27.926 mg L™, e as eficiéncias médias de
remocao de DQOtotal diminuiram de 95 para 91%, respectivamente, nos reatores UASB, em dois
estagios. A producdo volumétrica de metano aumentou de 0,274 para 0,323 L CH4 (L reator d)
com o acréscimo na COV. As concentracdes médias de fendis totais no afluente foram de 48 e 163
mg L™, e as eficiéncias médias de remoc&o nos reatores UASB em dois estagios, de 92 e 90%,
respectivamente, e aumentaram para 97% com o pos-tratamento. As eficiéncias médias de remocéo
de nitrogénio e fdsforo total variaram, respectivamente, de 57 a 80% e de 44 a 60% nos reatores
UASB em dois estagios e aumentaram para 91 e 84% com a inclusdo do pos-tratamento.
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INTRODUCTION

Several agricultural and agro-industrial processes use water, sometimes as raw material, for
other maintenance processes or less noble uses as washing products and equipment, and/or to
transport waste.

One of the agro-industrial processes that have stood out in water consumption and generation
of solid and liquid waste are the husking and pulping coffee beans, known as wet processing, which
originate the pulped coffee, the coffee with the mucilage removed and the peeled cherry. The
preparation of pulped and with the mucilage removed coffee consists of removing the peel and
mucilage of the mature fruit, requiring an average of 4 liters of water for every liter of coffee
washed and pulped (MELO, 2009). Toward the increasingly demanding market, the search for
quality is currently a major concern in the various productive sectors and, in particular coffee
agribusiness. Estimates for the 2012 crops are approximately 54 million bags of 60kg (CONAB,
2012).

In regions that produces pulped and with mucilage removed coffee, the fate of these effluents
has become a major environmental problem, with demand for simplified systems of waste and
effluents treatment, with low cost of implantation and operation (BRUNO & OLIVEIRA, 2008).
Because of the large consumption of water and introduction of organic matter and nutrients, they
eventually acquire a high polluting power and if not properly treated and discharged into water
bodies can cause the death of aquatic organisms due to high consumption of oxygen, contamination
by toxic organic compounds, such as phenols, eutrophication and because of the high concentration
of nitrogen.

For the treatment of such wastewaters, the upflow anaerobic sludge blanket (UASB) can be
efficient in removing higher organic loading, solids and toxic organic compounds, and in the
production of methane for use in the coffee drying as was observed by SILVA & CAMPOS (2005),
BRUNO & OLIVEIRA (2008), PRADO & CAMPOS (2008), PRADO et al. (2010),
SELVAMURUGAN et al. (2010a and b). However, in the treated effluent, some control parameters
still do not meet the thresholds set out in Resolutions 357 and 430 of the Brazilian National
Environment Council - CONAMA (BRAZIL, 2005 and 2011) for the release into water bodies,
requiring improved treatment system.

The two stage anaerobic process consists of two reactors in series, the first for the conversion
of soluble compounds and mainly the partial hydrolysis and retention of particulate organic matter,
and the second to complement the conversion of soluble compounds of the affluent and the ones
formed in the first reactor. In addition, important contributions have been observed in the removal
of N, P, metals and coliforms in two-stage or serial anaerobic (BRUNO & OLIVEIRA, 2008;
SANTANA & OLIVEIRA, 2011; ABREU & OLIVEIRA NETO, 2009 DUDA & OLIVEIRA
2009). In general, in anaerobic reactors, effluents that fit completely in the patterns of Brazilian
environmental legislation are not produced. Therefore, it is necessary to use a system of post-
treatment to the polishing of these effluents, as was also observed by PRADO & CAMPOS (2008)
and SELVAMURUGAN et al. (2010b). The use of post-treatment systems with activated sludge its
becoming a viable alternative to improve the quality of effluents from anaerobic reactors
(CHERNICHARO, 2007).

The activated sludge systems are widely used worldwide for the treatment of domestic and
industrial wastewater, in situations of high quality effluent required and limited availability of area.
However, the activated sludge systems include a mechanization index higher than other treatment
systems, resulting in more sophisticated operation. Nevertheless, they can safely attend situations in
which the quality of the effluent and its release into receiving bodies are priority (VON SPERLING,
1997).

Therefore, this study evaluated the performance of upflow anaerobic sludge blanket (UASB)
in two stages in the treatment of wastewater from wet-processed coffee, with CODyy Of the
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affluent of 8,960 to 36,520mg L™, varying the volumetric organic load (VOLs), and including a
post-treatment system with activated sludge in batch for the polishing of anaerobic effluent aiming
the removal of COD, suspended solids, phenols and nutrients (N, P).

MATERIAL AND METHODS

The study was conducted at the Department of Agricultural Engineering, of the University of
Agriculture and Veterinary Sciences, of the Sdo Paulo State University - UNESP, campus of
Jaboticabal - state of S&o Paulo (SP), in Brazil, whose geographical coordinates are 21° 15' 22"
South Latitude; 48° 18' 58" West Longitude and 575 meters of altitude. The climate of the region,
according to Koppen's classification, is Awa (humid subtropical, dry in the winter and rainy in
summer), with average annual rainfall of 1,300mm and average annual temperature of 21°C (SAO
PAULO STATE UNIVERSITY, 2010).

The experimental unit with the anaerobic treatment system in two stages consisted of two
UASB reactors, in bench scale, installed in series, with volumes of 20L (R1) and 10L (R2), built
and connected with PVC pipes with diameters of 150mm and 100mm, respectively. The separator
of phases, non-conventional in Y shape, with an angle of 45° to the vertical, was constructed as
described by VAN HAANDEL et al. (1999). It was also set a 5L tank for storage of the affluent of
the UASB reactor (R1). To monitor the production of biogas was installed gasometers of the
floating dome type, as illustrated in Figure 1 and described by BRUNO & OLIVEIRA (2008).
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FIGURE 1. Schematic side view of the anaerobic treatment system in two stages with UASB
reactors followed by post-treatment with activated sludge in batch.

The effluent from R1 was conducted to R2 by gravity through PVC pipe connecting the
reactors. The post-treatment unit, activated sludge in batch, was constructed of PVC pipe with
diameter of 150mm, total volume of 25L, which was installed with a mechanical mixing system
comprising three impellers, shaft and gearmotor, and injection pump and air diffuser of rubber to
fine bubbles, both with intermittent activation controlled by timers.
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The substrate used for the start and continued feeding of the reactors was the wastewater
from the washing and pulping of the coffee beans from the Fortaleza Farm, located in the city of
Altindpolis — state of Sdo Paulo (SP), Brazil, which was collected at the end of 2009 harvest in
August and stored frozen, with average pH values of 4.1; concentration of total suspended solids
(TSS) of 2,544mg L™ and CODtotal of 13,891mg L™ (Table 1). This affluent was used during the
first 90 days of operation. When it was over, it was replaced by an affluent of the same farm,
collected at the beginning of the 2010 harvest, in June, and stored frozen, with average values of pH
of 4.3; TSS of 5,687mg L™ and CODtotal of 27,926mg L™ (Table 1).

To perform this study, the affluent was defrosted and stored under refrigeration in sufficient
quantity for weekly use throughout the study period.

The hydraulic retention time (HRT) on the R1 was 6.2 d and the average organic loading rate
(OLR) applied in tests 1 and 2 were, respectively, of 2.26 and 4.53g CODtotal (L d)* (Table 1) and
ranged from 1.46 to 5.93g CODtotal (L d)™.

TABLE 1. Operational conditions of UASB reactors in two stages (R1 e R2) and affluent
characteristics in the tests 1 and 2.

Tes Duration HRT TSS CODtotal OLR VHL
o (d) (mgL?) (mgLY) (g CODtotal (L d)™Y) (dh
RL R2 R1 R1 R1 RL R2
1 86 62 31 2544 13891 2.26 0.007 0.013
2 60 62 31 5687 27926 453 0.007 0.013

HRT - hydraulic retention time; OLR — organic loading rate; TSS — total suspended solids; COD —chemical oxygen demand; VHL —
volumetric hydraulic loading

After defrosting at room temperature, the volume of affluent was sieved for daily use (nylon
sieve with a square mesh of 1.5 x 1.5mm), in order to separate the coarse solids, such as pieces of
peelings and coffee grounds pieces, preventing the clogging of the R1 feed line. After sieving, the
affluent was neutralized with dolomitic limestone with PN (Power of Neutralization) and RPNT
(Relative Power of Total Neutralization) of 99 and 83%, respectively, in order to obtain a pH
around 7.0 using about 300g of limestone per liter of wastewater from pulping coffee. Next, the
affluent was placed in the storage tank in the amount needed for the daily feeding of the treatment
system with two-stage UASB reactors followed by post-treatment with activated sludge in batch.

The experiment was divided in two tests, varying the volumetric organic load (VOL) in the
UASB reactors (R1 and R2) with the increase of the affluent CODyq, 0f R1, as shown in Table 1.

The post-treatment with activated sludge in batch used in experiment 2 was operated with a
cycle of 24 h, feed volume of 3.5L in the cycle, feeding time of 24 h, aerobic reaction time of 12 h,
anoxic + anaerobic reaction time and sedimentation of 11.84 h and the supernatant discharge time
of 0.16 h. The average hydraulic retention time (HRT) in post-treatment was 106.3 h. It was kept 12
L of sludge after the discharge of the affluent. During the aerobic reaction stage, the aeration and
agitation systems (with rotations of 30-35 rpm) were triggered. The R1 affluent was conducted to
the R2 and from the R2 to the sludge activated by gravity through PVC pipe, connecting the
reactors. Thus, the activated sludge received continuously the affluent of R2, characterizing the
operation as fed batch, or disposal in batch and continuous feeding.

For starting the anaerobic treatment system in two stages was used as inoculum the sludge
from UASB reactors treating swine wastewater. To R1 it was added sufficient sludge to fill 50% of
its volume, 10L, and to R2 it was added 5L of sludge with concentration of total solids (TS) and
volatile solids (VS) of 54.12 and 40.24g L™, respectively. In the activated sludge it was added 5L of
sludge with total solids (TS) and volatile solids (VS) of 49.20 and 35.41g L™, from aerobic
sequencing batch reactor used in the post-treatment of anaerobic effluent of swine wastewater.
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It was determined twice a week, on samples of the affluent, effluents of R1, R2 and post-
treatment: pH, total alkalinity (TA), total suspended solids (TSS) and volatile (VSS), total chemical
oxygen demand (CODytq), dissolved COD (CODy;ss), Total Kjeldahl Nitrogen (TKN), ammonia
nitrogen (Namon.), Nitrate (N-NO3’), nitrite (N-NO;"), total phosphorus (Piwta) and dissolved oxygen
according to APHA, AWWA, WPCF (2005). The volume of produced biogas was daily determined
by measuring the gasometers. The biogas composition was weekly analyzed by gas
chromatography, according to APHA, AWWA, WPCF (2005). The concentration of total phenols
(TF) was measured twice a week, according to the Folin-Ciocalteau method described by SHAHIDI
and NACZK (1995).

RESULTS AND DISCUSSION

The average values of affluent CODyqa and CODyiss, Were 13,891 and 27,926 and of 12,199
and 24,717mg L™ in tests 1 and 2, respectively (Table 2), indicating the presence of wastewater
with organic matter predominantly soluble. The changes in the composition of the affluent occurred
due to variations in the collection time and may be related to changes in the amount of organic
compounds present in coffee fruits and/or the amount of water used in washing or processed fruit
mass, from start to the end of the season, as was also observed by BRUNO & OLIVEIRA (2008).

The temporal variations in the values of CODyy in the affluent and in the effluents of UASB
reactors (R1 and R2), and of the post-treatment with activated sludge in batch are presented in
Figure 2. It was observed that in test 1 the quality of the effluent for CODy.a Was stabilized after 20
days of operation, indicating the quick start resulted from the inoculation in R1 and R2. After 86
days of operation, beginning of the test 2, there was evident increase in the amount of CODyyta Of
affluent and as a result of the R1 and R2 effluents.

TABLE 2. Average values and coefficients of variation (CV in %) of total and dissolved COD, total
and volatile suspended solids (TSS and VSS), total phenols (TP), total Kjeldahl nitrogen
(TKN) and total phosphorus (total P) in mg L™, in the affluents and effluents, and
volumetric organic load (VOL) in the R1, in g CODyotal (L d)™* of UASB reactors in two
stages (R1 and R2) and of post-treatment with activated sludge in batch (PT) in tests 1

and 2.
Test 1 Test 2
Parameters Affluent Effluent Affluent Effluent
R1 R2 R1 R2 PT
CODtotal 13891 1234 680 27926 4209 2432 1203
CODdiss. 12199 833 384 24717 3782 2135 813
TSS 2544 888 345 5687 2918 831 897
VSS 1471 426 298 3122 1417 761 439
TP 48 9 4 163 40 13 5
TKN 332 167 140 584 154 110 58
P-total 15 10 8 24 13 8 4
VOL - 2,26 0,40 - 4,53 1,37 0,71
CODygta) 18 144 181 12 41 53 28
ODyjss. 25 84 81 19 45 52 26
TSS 34 37 63 15 22 28 28
CV (%) VSS 38 47 82 28 33 32 34
TP 13 43 44 23 29 27 34
TKN 18 18 18 16 17 16 12
P-total 8 9 13 14 18 11 40
VOL - 18 143 - 11 70 45

The CODya Of the R1 effluent increased until the 141 days of operation, indicating that the
reactor had not reached equilibrium conditions after increasing the VOL. In R2 this tendency of
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increasing effluent CODy, Was attenuated after 128 days of operation, accommodating the more
pronounced changes occurred in R1. With the inclusion of post-treatment with activated sludge in
batch, at 110 d, it was possible to obtain effluent with stable CODyy, 0f 1,203mg L™, with a
coefficient of variation (CV) of 28%, but with lower quality than R2 effluent in the test 1 (Figure 2),
reflecting the increase of organic matter in the affluent.
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FIGURE 2. Values of CODyqy 0f the affluent and of the effluents from UASB reactors in two
stages (R1 and R2) and of post-treatment with activated sludge in batch (PT) in tests 1
and 2.

The average values of the removal efficiencies of the CODyqta Were 91 and 84%, and in the
anaerobic treatment system (R1+R2) were 95 and 91% during the tests 1 and 2, respectively (Table
3).

With the increase in the average values of VOL from 2.26 to 4.53 of CODyot (L d) ™ in the
R1, the treatment system composed by the UASB reactors in two stages demonstrated capacity to
absorb the abrupt change in the added organic load, mainly with the increase of the CODyoa
removal in the R2, observed in Figure 3.

The average value of the removal efficiency of the CODy, decreased from 95 to 91% in the
UASB reactors in two stages (R1+R2), from test 1 to test2 (Table 3). However, the average values
of removal efficiency of the CODyya in conditions of HRT, VOL and CODyy Of the affluent used
in tests 1 and 2, can be considered high, because SILVA & CAMPOS (2005), treating wastewater
from the wet-processed coffee, diluted, with CODyoa around 3,250 mg L™, in UASB reactor, in
bench scale (11.7L), with HRT of 69 h and VOL of 0.59g COD (L d)*, obtained removal
efficiency of CODyq Of 78%. LUIZ (2007), operating a fixed bed reactor of ascendant flow, with
immobilized biomass with half support of polyurethane foam, volume of 139.5L, with affluent
average value of CODy 0f 5,000mg L™, HRT of 1.3 d and VOL of 4.41g CODt (L d)™, obtained
removal efficiencies of CODyta and CODyijereq OF 80 and 83%, respectively. SELVAMURUGAN et
al., 2010a used a hybrid UASB reactor in bench scale (volume of 19.5L), with HRT of 24 to 6 h,
VOL of 7.01 to 28.41g CODyo (L d)™ and COD of the affluent of 6.420 to 8.480mg L™, and
obtained removal efficiencies of COD decreasing from 70 to 46% with increase of VOL. PRADO
& CAMPOQOS (2008), with UASB reactor in bench scale (volume of 12.54L), with HRT of 69.67 to
8.04 h, VOL of 0.14 to 20.29g COD(L d)*, and COD of the affluent of 235 to 7,064mg L™,
obtained removal efficiencies of COD of 33 to 93%. These authors added a post-treatment of the
anaerobic effluent with optional aerated pond of 13L, with HRT similar to the UASB reactor, and
the removal efficiencies of COD increased from 47 to 98%.
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TABLE 3. Average values and coefficients of variation (CV %) of removal efficiencies (%) of
total and dissolved COD, total and volatile suspended solids (TSS and VSS), total
phenols (TP), total Kjeldahl nitrogen (TKN) and total phosphorus (total P) during the
operation of UASB reactors (R1 and R1+R2) followed by post-treatment with activated
sludge in batch (PT) and in the treatment system (R1+R2+PT) in tests 1 and 2.

Test 1 Test 2
Parameters
R1 R1+R2 R1 R1+R2 PT R1+R2+PT

CODyotal 91 95 84 91 57 95
CODyjss. 92 96 84 91 67 96
TSS 63 86 48 85 - 84
VSS 68 77 57 79 38 87
TP 81 92 75 90 63 97
TKN 49 57 73 80 45 91
Ptotal 33 47 46 66 50 84
CODygta 15 10 9 7 14 2
CODyjgs. 10 4 11 6 12 1
TSS 18 8 20 8 240 5
cVv VSS 24 27 21 7 46 5
TP 12 4 6 8 20 1
TKN 22 15 10 8 20 11
Ptotal 18 21 14 14 30 6

With the post-treatment with activated sludge in batch from the 110 days of operation,
remained the high removal efficiencies of total and dissolved COD obtained throughout the test 1,
thus demonstrating the importance of post-treatment with activated sludge in batch, with which it
was obtained 57% of CODyqta removal efficiency. Thus, efficiency of 91% in the UASB reactor in
two stages (R1+R2) increased to 95% in the treatment system (R1+R2+PT) for stability in the
quality of the effluent and the total and dissolved COD removal, observed through the accentuated
decrease in the coefficient of variation (CV Tables 2 and 3)

The removal efficiencies of the CODy;ss. Were similar to the CODyqy in R1, in the anaerobic
treatment system in two stages (R1+R2) and with the post-treatment with activated sludge in batch
(R1+R2+PT) in tests 1 and 2 (Table 3). For TSS and VSS, with the increase of VOL in test 2, the
removal efficiencies decreased in R1, but did not harm the performance of the R1+R2 set,
maintaining average values of 85 and 79%, respectively (Table 3).
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FIGURE 3. Values of removal efficiency of total COD in the UASB reactors (R1 and R2), in the
UASB reactors in two stages (R1+R2), in the post-treatment with activated sludge in
batch (PT) and in the treatment system (R1+R2+PT) in tests 1 and 2.

Eng. Agric., Jaboticabal, v.33, n.4, p.808-819, jul./ago. 2013



Performance of UASB reactors in two stages followed by post-treatment 815

The average concentrations of total phenols in the affluent were 48 and 163mg L™ (Table
2), values well above the allowed for effluent discharge, which is 0.5mg L™, according to
Resolution 430 of CONAMA (BRAZIL, 2011).

With the UASB reactors in two stages (R1+R2), the higher average removal efficiency of
phenols was 92% (Table 3), resulting average concentration in the effluent of 4mg L™ (Table 2),
and occurred in the test 1 with VOL of 2.26 and 0.40g CODyyw (L d)™* in R1 and R2, respectively.
In test 2, with the start of operation of the post-treatment with activated sludge in batch and
increased VOL in R1 to 4.53g COD (L d)?, and elevation of the average concentration of total
phenols to 163mg L™, the removal in the R1+R2 set remained high, averaging 90%. The additional
removal of 67% in the activated sludge in batch system raised the average removal efficiency in the
treatment system (R1+R2+PT) to 97% and the average concentration in the final effluent was 5mg
L™, demonstrating the capacity to absorb the increased load of potentially toxic phenolic
compounds.

Other researchers have also reported high removals of phenols in anaerobic high rate reactors.
HUSSAIN et al. (2008), operating a 10L UASB reactor with HRT of 6 h and VOL from 3.9 to 4.1g
COD (L d)?, treated synthetic wastewater with average concentration of phenol of 420mg L*,
supplemented with N and P, and obtained phenols average removal efficiency of 90%.

PRADO & CAMPOS (2008) used wastewater from wet-processed coffee with total
concentration of phenol from 29.8 to 387.5mg L™, in the UASB reactor with VOL of 0.14 to 20.29g
COD (L d)* and achieved removal efficiencies of phenolic compounds from -3 to 70%. It was
included an optional aerated pond for post-treatment and the removal of phenols was 5-78%. FIA et
al. (2010) treated wastewater from pulping coffee, with average COD of 4,545mg L™ in three
anaerobic fixed bed reactors (139.5L) with average HRT of 1.3 and VOL of 0.81g CODygg (L d)™
and obtained a removal efficiency of phenolic compounds of 68% in the reactor filled with blast
furnace slag, 52% in the reactor filled with polyurethane foam and 36% in the reactor filled with
crushed stone number 4. The results of these studies confirmed that the concentrations of phenols
contained in wastewater from wet-processed coffee were not toxic to anaerobic microbiota and can
be reduced in UASB reactors in two stages under the conditions studied. However, with higher
VOL, such as those applied by PRADO & CAMPOS (2008), the removal of phenols may decrease.
With the inclusion of post-treatment with aerobic stage this problem could be mitigated. However,
to reach the threshold standard for effluent discharge (BRAZIL, 2011), the post-treatment needs to
be further improved.

The average concentrations of total Kjeldahl nitrogen (TKN) and total phosphorus (total P) in
the affluent were 332 and 584mg L™, and 15 and 24mg L™, respectively (Table 2). The average
removal efficiencies of TKN and total P in UASB reactors in two stages (R1+R2) increased from
57 and 47% in test 1 to 80 and 66% in test 2, even with the increase of VOL, due to the increase of
the mass of suspended solids retained in R2, which contain N and P of the affluent.

With the operation of the post-treatment with activated sludge in batch in the test 2, the
removal efficiencies of NTK and total P in the system increased to 91 and 84%, respectively, with
the reduction in the post-treatment of 45% of the TKN and 51% of the total P of the effluent R2
(Table 3). The reductions in concentrations may be attributed to nitrification, denitrification and
biological P removal promoted by the implementation of the operating cycle with aerobic, anoxic
and anaerobic stages. The average concentrations of ammonia-N decreased from 72mg L™ in the R2
effluent to 48mg L™ in the after treatment effluent. The concentration of N-NOs” and N-NO,” were 6
and 0.5 mg L™ respectively, in the post-treatment effluent, indicating the occurrence of
denitrification.

These values of removal efficiency can be considered high and attributed to the use of UASB
reactors in two stages, mainly for TKN, because PRADO & CAMPOS (2008) with a UASB reactor
operated with HRT from 8.04 to 69.67 h observed smaller removals, of at most 35% for TKN and
61% for total P. With the optional aerated pond in series, the authors observed increased removal of
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TKN to 60% and of total P to 81%, confirming that the use of aerobic post-treatment can
dramatically reduce the concentrations of N and P in the final effluent.

The higher removal efficiencies of COD, suspended solids, TKN and total P in this study,
using as affluent wastewater from wet-processed coffee without dilution, were influenced by the use
of UASB reactors in two stages, by the higher HRT applied and by the post-treatment with
activated sludge in batch, comparing the tests performed and the results obtained in the studies
cited.

The average pH values of the effluents of the reactors R1 and R2, of 7.5 and 7.8, and of 7.2
and 7.4, were satisfactory for stable maintenance of the anaerobic process, in tests 1 and 2,
respectively, and also by pH of 7.6 favorable to post-treatment with activated sludge in batch in test
2 (Table 4).

TABLE 4. Average values and coefficients of variation (CV in %) of pH, total volatile acids (TVA
in mg CHsCOOH L™) and total alkalinity (TA in mg CaCO3 L) during the operation of
UASB reactors in two stages (R1 and R2) followed by post-treatment with activated
sludge in batch (PT) in tests 1 and 2.

Test 1 Test 2
Parameters Affluent Effluent Affluent Effluent
R1 R2 R1 R2 PT

pH 6.9 7.5 7.8 7.1 7.2 7.4 7.6
TVA 960 103 124 1050 1688 969 534
TA 730 2310 2682 1088 2351 2424 1878

pH 7 2 2 5 5 7 2
CVv TVA 14 45 110 12 31 42 14

TA 15 11 11 9 7 24 13

The average concentrations of total volatile acids (TVA) in the effluents of R1 and R2 in test
1 were 103 and 124mg CH;COOH L™ (Table 4), demonstrating the stability of the anaerobic
treatment system in two stages. However, in test 2, from 90 days of operation, with the sudden
change of the characteristics of the affluent, the average values of TVA in the reactors R1 and R2
and in post-treatment with activated sludge in batch increased to 1688, 969 and 534mg CH*COOH
L, respectively (Table 4 and Figure 4).

—a— Affluent ~—R1 R2 «— PT
2500 -
o Test 1
- 2000 -~
5
O 1500 -
<
1)
£ 500 -
< .

10 17 24 31 38 46 52 59 66 73 80 86 93 100107 114 121 128 132 136 141
Period (days)
FIGURE 4. Concentrations of total volatile acids (TVA) in the affluent and effluents of UASB

reactors in two stages (R1 and R2) and in the post-treatment with activated sludge in
batch (PT) in tests 1 and 2.
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Although the high concentrations of TVA in UASB reactors, the average value of pH was
stable, which may be attributed to the high values of total alkalinity (TA 2,310 to 2,682mg CaCO;
LY, practically without jeopardizing the performance of the two-stage anaerobic treatment system
for removal of COD, suspended solids and nutrients (Tables 3 and 4). METCALF & EDDY (2003)
reported that are required concentrations of alkalinity of 2,000-4,000mg CaCO; L™ to keep the pH
around 7 in the anaerobic reactors.

The percentage of methane in the biogas, in reactors R1 and R2 were 76 and 80% and of 75
and 78%, respectively, in tests 1 and 2. The volumetric methane production in UASB reactors in
two stages (R1+R2) increased from test 1 to test 2, from 0.274 to 0.323L CH,4 (L reactor d)™,
respectively, with the raise in the VOL from 2.26 to 4.53kg COD (m* d)™ (Table 5). The increased
concentration of TVA in the reactors R1 and R2 and the lowest air temperatures that occurred
during the test 2 damaged the conversion of CODy;ss. to biogas because the VOL doubled and the
same did not occur with the production of methane.

In the study of PRADO & CAMPOS (2008), the concentrations of methane in the biogas
were lower, 48-68%, and the volumetric biogas production larger and crescent, up to 1.55L (L d)™,
with HRT decreased from 69.7 to 8.0 h and the resulting increase in VOL of 0.14 to 20.29g COD (L
d)™. These differences may be attributed to lower concentrations of COD of the affluent and to the
largest VOL applied by the authors.

TABLE 5. Average values and coefficient of variation (CV in %) of methane percentage in the
biogas, biogas daily production and methane volumetric production during the operation
of UASB reactors in two stages (R1 and R2) in tests 1 and 2.

CHq4 Biogas daily production Volumetric production
Test (%) (Ldy? (L CH, (L reactor d)™)
R1 R2 R1 R2 R1+R2 R1 R2 R1+R2
1 76 75 9.8 0.9 10.8 0.375 0.071 0.274
2 80 78 9.6 2.8 12.4 0.381 0.206 0.323
cvV 1 7 6 23 72 22 23 63 21
2 6 3 20 40 17 22 43 18

SELVAMURUGAN et al. (2010a), with HRT of 18 and 12 h and VOL of 9.55 and 14.23g
COD (L d)*, observed the maximum biogas production of 2.62 and 2.91L d* (0.14 and 0.15L (L
reactor d*)) with methane concentrations of 61 and 59%, respectively, which were lower than those
obtained in tests 1 and 2, with VOL of 2.23 and 4,569 COD (L d)*. However, BRUNO &
OLIVEIRA (2008) obtained higher values of methane concentration (89 and 88%) and volumetric
production (0.45 and 0.483L CH, (L reactor d)™), with VOL of 3.0 and 3.6g COD (L d)* and
concentrations of TVA of 47 and 85mg CH;COOH L™, respectively, confirming that the increase in
VOL in test 2 accompanied by increases in the concentration of TVA above 1,500mg CH3;COOH
L in R1 and temperature decrease prevent the production of greater quantities of methane. Thus,
to increase the VOL with proportional increases of methane production using wastewater from wet-
processed coffee without dilution is necessary to maintain the low concentration of TVA. PRADO
&lCAMPOS (2008) maintained low acidity in the effluent of the UASB reactor, 23-160mg CaCO3
L.

CONCLUSIONS

The increase of the volumetric organic loading (VOL) reduced the removal efficiencies of
COD, suspended solids and phenols, and increased the concentration of total volatile acids in UASB
reactor (R1) effluent, decreasing the conversion of CODy;ss. to methane. In the system of two-stage
anaerobic treatment, with the UASB reactors in series, the addition of VOL was accommodated
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with increasing removal efficiency and production of methane in the UASB reactor of the second
stage (R2), demonstrating the capacity to maintain the performance of the set when there are
elevations of VOL.

The implementation of the post-treatment with activated sludge in batch improved the
removals, especially N and P, confirming the importance for polishing the effluent of UASB
reactors and maintaining high efficiencies.

Thus, the two-stage UASB reactors are suitable for the treatment of wastewater from wet-
processed coffee with high removal efficiencies of organic matter and nutrients, and methane
production. The activated sludge operated in fed batch is an alternative for polishing the anaerobic
effluent.
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