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Abstract This paper presents results on anaerobic
degradation of the azo dye blue HFRL in a bench
scale Upflow anaerobic sludge blanket (UASB)
reactor operated at ambient temperature. The results
show that the addition of yeast extract (500 mg/L)
increased color removal (P < 0.05) from 62 to 93%
despite the low chemical oxygen demand (COD)
removal (~35%) which happened due to volatile
fatty acids (VFA) accumulation. There were no
differences in color removal (~91%) when yeast
extract (500 mg/L) was used in the presence or
absence of glucose, suggesting that yeast extract
acted as source of redox mediator (riboflavin) and
carbon. The specific rate of dye removal increased
along the operational phases and depended on the
presence of yeast extract, suggesting progressive
biomass acclimatization. Analysis of bacterial diver-
sity by Polymerase Chain Reaction-Denaturing Gra-
dient Gel Electrophoresis (PCR-DGGE) method
showed there was biomass selection along the
bioreactor operation and no evidence of azo dye
degrading bacteria predominance. This strengthens
the hypothesis that color removal happens extracel-
lularly by the reduction of azo bond by reduced redox
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mediators, such as riboflavin, which is present in high
amount in the yeast extract.
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Introduction

The textile industry is an important Brazilian economic
activity that has been increasing with the economic
growth observed in the last years. As a result there has
been an increase in the generation of textile wastewa-
ter, which contains a variety of chemicals such as dyes,
surfactants, and starch, which confers high color and
organic matter to the effluent. Although the Brazilian
environmental legislation does not estipulate limits for
color removal or for effluent discharge, it is clear on the
fact that effluent discharges cannot alter the color of the
water body which receives the pollution load (CON-
AMA 2005).

Textile effluents can be treated by a variety of
processes that includes biological and physical—
chemical schemes. In Brazil, most textile industries
employ, for treatment of their wastewater, the well-
known biological process of activated sludge. Such
process is normally efficient in removing the organic
load from wastewater, but is not so effective in
decolorizing it. The use of activated carbon or
coagulants might be used as complement, but
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normally generates a high amount of sludge that
needs to be properly handled (Dos Santos et al. 2007).

One technology that has the potential of being
used for color removal of textile effluents is the
anaerobic digestion (Georgiou et al. 2004). In anaer-
obic conditions, textile pollutants such as the azo
dyes (which represent around 70% of the dyes
produced worldwide) can be used as electron accep-
tors, leading to the reduction of the azo bond (-N=N-)
and production of amines, mostly aromatic. Indeed,
different research groups have demonstrated that
removal efficiencies varying from 60 to 80% can be
obtained during the anaerobic treatment of azo dye
solutions (Mendez-Paz et al. 2005; Dos Santos et al.
2006).

Upflow anaerobic sludge blanket (UASB) reactor
has been widely applied in Brazil for the anaerobic
treatment of different industrial wastewater (Expired
dairy, slaughterhouse, and food processing) due to its
inherent advantages, such as the ability of allowing a
high sludge age without the need of sludge granula-
tion, as well as the low degree of mechanization and
energy requirement. In spite of this, there are a
handful of papers on the use of UASB reactor for
treating textile effluents. For instance, Somasiri et al.
(2008) used an UASB reactor [Hydraulic retention
time (HRT) = 24 h] for treating a textile effluent
[Chemical oxygen demand (COD) = 2000 mg/L]
and showed that a significant color removal (92%)
could be achieved. The authors also observed that
toxic byproducts accumulated in the reactor, contrib-
uting to reduce overall organic matter removal
efficiency.

The low growth of anaerobic microorganisms is a
major drawback for the treatment of recalcitrant and
toxic effluents, which might be worsened by electron
transfer limitation between different species of the
anaerobic consortia. According to Dos Santos (2005)
one strategy to avert this and increase the efficiency
of color removal during anaerobic treatment is to use
redox mediators. Such compounds are reduced by the
reducing equivalents produced by microbial cells
(e.g. NADH, FADH) and then re-oxidized by the azo
dye, thereby enhancing the decolorization kinetics.
Some authors have demonstrated that compounds
such as riboflavin (vitamin B2) and sulfonated
antraquinones (AQS) can act as redox mediators
(Rau et al. 2002; Field and Brady 2003; Cervantes
et al. 2006). Dos Santos et al. (2006, 2003) showed
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that decolorization rates were increased by 2.7 and
6.1 times in the presence of AQS and vitamin B2,
respectively, during anaerobic thermophilic degrada-
tion of azo dye reactive red 2 (RR2) in an expanded
granular sludge blanket (EGSB) reactor. Such study
was carried out at controlled temperature and
employing a purified form of vitamin B2; and it is
important, from the practical engineering point of
view, to investigate anaerobic degradation of azo
dyes at ambient temperature and using commercial
sources of redox mediators.

Therefore, the main objective of this paper is to
present results on anaerobic degradation of a syn-
thetic textile effluent containing the azo dye reactive
blue HFRL, commonly used in the textile industry, in
a bench scale UASB reactor operated at ambient
temperature. In addition, it was evaluated the role of
yeast extract, source of the redox mediator riboflavin,
in enhancing color removal during the anaerobic
treatment.

Experimental
Apparatus and operational conditions

The bench scale UASB reactor was built using
polyvinyl chloride (PVC) pipes and joints and had a
total working volume of 8 L. The upper settler was
250 mm height and had 150 mm of diameter, making
up 2 L of the working volume, whereas the digestion
chamber had 100 mm of diameter and 800 mm of
height, making up 6 L of the working volume. Five
sampling ports were installed along the height of the
digestion chamber, thus allowing the monitoring of
biomass growth, which was estimated by quantifying
volatile suspended solids (VSS).

The reactor project followed the parameters rec-
ommended by Chernicharo (2007) and resulted in
average hydraulic volumetric load and upflow veloc-
ity in the reactor of, respectively, 1.3 m*/m’ day
(calculated considering the reactor useful volume)
and 0.0165 m/h (at the digestion chamber). Such low
upflow velocity contributed for nearly complete
retention of solids in the reactor.

The bench scale reactor was incubated with
anaerobic sludge from a demo scale UASB reactor
installed at the Centre for research and training on
sanitation (CePTS) UFMG/COPASA, located at the
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Table 1 Operational conditions of the UASB reactor

Operational Phase Glucose Azo dye Yeast Measured influent Calculated
phase duration (mg/L) blue HFRL" extract® COD organic load
(day)® (mg/L) (mg/L) (Kg COD/m®) (Kg COD/m? day)

1 10 500 - — 0.593 0.751

2 14 450 50 — 0.562 0.711

3 27 350 50 100 0.567 0.718

4 14 350 50 500 0.933 1.181

5 15 450 50 - 0.572 0.724

6 13 — 50 500 0.544 0.689

? Days counted after the reactor had achieved stability, based on low variation (<10%) of effluent COD

b Reactive azo dye (copper complex, 70% pure) kindly provided by a textile industry unfortunately there is no available information

on its structure

¢ Purchased from Byosystems, contained 50 pg/g of the redox mediator riboflavin

Arrudas WWTP, in Belo Horizonte—Brazil. The
bench scale UASB was operated at ambient temper-
ature and under different conditions (Table 1). In all
phases the HRT was kept at 19 h and the reactor was
run without any discharge of biomass, except during
sampling for physico-chemical analyses.

The feed solution was comprised of glucose (except
in phase 6), azo dye (except in phase 1), yeast extract
(except phases 1, 2, and 5) and macronutrient solution,
which composition is described elsewhere (Aquino
et al. 2007). In all phases, the minimum COD:N:P
proportion of 350:5:1 was observed, according to
Chernicharo (2007). The feeding recipient (20 L) was
filled up twice a day with freshly prepared influent
solution to minimize the growth of microorganisms
and consequent removal of COD and color in the
feeding line. The feed was pumped into the reactor by
means of a peristaltic pump (Dosa Mini 400, HD
Hidraulis) at constant flowrate, calculated to maintain a
HRT of 19 h.

Analytical procedures and statistical analyses

During reactor operation the following parameters
were assessed: VSS in samples collected along the
UASB digestion chamber; COD, color, pH, volatile
fatty acids (VFA) and glucose in influent and effluent
samples. The analyses of pH, COD, and VSS
followed the procedures described in the Standard
methods for the examination of water and wastewater
(APHA 2005). Since the COD was measured in the
supernatant produced by centrifuging the samples at
5000 rpm for 15 min (Fanem Excelsa 11, Model 206

BL), all COD values reported in this paper refer to a
soluble fraction which contains both dissolved and
colloidal species.

The efficiency of color removal and of blue HRFL
azo dye degradation were assessed by following the
absorbance (Aynsx = 654 nm) of the centrifuged solu-
tion in a spectrophotometer (HP 8453 UV-Vis,
system). VFA analyses were possible using a high
performance liquid chromatography (HPLC) in a
Hewlett Packard Series 1050 chromatographic equip-
ment with a Biorad Aminex HPX-87H ion exclusion
column maintained at 55°C.

For the chromatographic analysis, the injection
volume was 40 pL. and the mobile phase was
0.01 mol/L. H,SO, at a constant flowrate of 0.6 mL/
min. VFA were detected with ultraviolet (UV) light at
210 nm. The VFA methodology was properly validated,
achieving the criteria of linearity, precision, selective-
ness, and accuracy within the concentration range of
25-1000 mg/L. The limit of detection (LD) was deter-
mined as 3 mg/L for all organic acids (C1-C5) except
valeric acid which showed a higher LD (12.5 mg/L).

Quantification of VFA was used to estimate the
COD caused by such intermediate products according
to Eq. 1, suggested by Aquino and Stuckey (2003).

CODyps =0.35 x [formiate] + 1.07 X |acetate]
+ 1.51 x [propionate] + 1.82
X [butyrate + isobutyrate]
+ 2.04 x [valerate + isovalerate] (1)

In order to verify any significant differences amongst
the parameters, the software Statistica® was used.
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As the number of samples was reduced, it was not
possible to verify their normality. For this reason the
more conservative non-parametric tests of Kruskal—
Wallis ANOVA and Mann—Whitney were applied.
The evaluation has been made from the P-value,
which should be lower than 0.05 so that the
hypothesis of equal samples is rejected with a 95%
confidence interval.

Microbial analysis

Microbial diversity analysis was performed using the
Polymerase Chain Reaction-Denaturing Gradient Gel
Electrophoresis (PCR-DGGE) approach (Muyzer et al.
1993). For this, 50 mL of sludge samples collected at the
end of each operational phase was centrifuged at
5000 rpm for 10 min to remove interstitial water. Then
the pellet was further washed with PBS buffer (NaCl
130 mM, Na,HPO, 0.7 mM, NaH,PO, 0.3 mM, pH
7.2) in order to remove extracellular nucleic acids.
DNA extractions from sludge samples were per-
formed in triplicates using a phenol-chloroform pro-
tocol, as described in Griffiths et al. (2000). 16S-rRNA
genes from the purified DNA were amplified using a
primer set specific for Bacteria domain (357F-GC e
907R). Each PCR reaction was performed in PCR
buffer (1x, Fermentas), MgCl, (2.0 mM, Fermentas),
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dNTP (0.8 mM), primer (500 nM each, Bioneer), BSA
(0.2 mg/L), Taq polimerase (1.5 pm/pL), and 1 pL of
DNA template for a final volume of 50 pL. The PCR
program was performed in a Biocycler thermociclador
with initial denaturation at 3 min at 94°C; 30 cycles at
94°C for 1 min; 55°C for 1 min; 72°C for 1 min, and a
final extension at 72°C for 7 min.

DGGE of the PCR-amplified 16S-rDNA was per-
formed according to Muyzer et al. (1993). The poly-
acrylamide concentration used in the DGGE analysis
was 6% and the denaturing gradient was from 30to 70%.
The denaturing gradient gel was then submitted to
electrophoresis at 100 V at 60°C for 16 h. Finally, the
resulting gels were stained with ethidium bromide and
photographed under UV transillumination.

Results and discussions
Effect of yeast extract on color and COD removal

The results presented in Fig. 1 show that the median
COD removal was very low during the first phase,
and this probably happened due to biomass adapta-
tion. During the second phase biomass was more
adapted and the median efficiencies of COD and
color removal were, respectively, 49 and 65%.
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Fig. 1 Soluble COD and color in the influent and effluent of UASB reactor
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During the third phase, the organic load did not
change significantly (0.718 kg/m® day) despite the
addition of 100 mg/L of yeast extract, but the median
efficiency of COD removal was lower than that
observed in the previous phase and the data were
inexplicably highly variable.

The presence of 100 mg/L of yeast extract in the
feed, led to a median efficiency of color removal of
60%, which was not statistically different (P > 0.05)
from the value observed in phase 2. Likewise, the
COD values and removal efficiencies obtained in
phases 2 and 3 were not statistically different, mainly
because of the high COD variability observed in
phase 3. These data show that the use of yeast extract
at lower concentration (100 mg/L) did not enhance
color removal nor affected COD removal, which
remained low due to accumulation of byproducts, as
discussed below. It is also possible that during phase
3 biomass was not fully adapted to use yeast extract
as source of redox mediator (riboflavin), and some
data that will be further presented indicates there was
a progressive biomass adaptation in the UASB
reactor.

During the fourth phase, when yeast extract was
supplemented at a higher concentration (500 mg/L),
it was observed an increase in the organic load (from
0.718 to 1.181 kg/m® day) since glucose was main-
tained as carbon source (350 mg/L) in the feed
solution. In this condition the color removal signif-
icantly increased (P < 0.05) from 62 to 93% despite
the low COD removal (~35%). When the results of
the fourth phase are compared to those of the sixth
phase (reactor fed with 500 mg/L of yeast extract
without glucose), data analysis show that there is
statistical difference only for COD removal, since the
median removal efficiency increased from 35 to 56%
in the sixth phase. This probably happened due to the
reduction of organic load (from 1.181 to 0.689 kg/m’
day) which led to a lower accumulation of VFA as
shown in Fig. 2.

These results indicate that the anaerobic microor-
ganisms were more adapted to the toxic aromatic
amines produced during the azo dye reduction since
the amount of azo dye degradation during phase 6
was not statistically different (P > 0.05) from phase
4. In order to investigate the dynamics of bacterial
diversity along the reactor operation DGGE analysis
was carried out and the results are shown in Fig. 3.
By comparing the band profile among samples
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Fig. 2 Evaluation of VFA in the operational phases utilizing
CODvga and CODyo¢ vEa

Fig. 3 Comparison of

DGGE profiles of bacterial
16S-rDNA  sequences for
sludge samples collected at
the end of each operational
phase (phases 2, 3, 4, and 5)

collected from phases 2, 3, 4 and 5 it can be observed
that there is a trend of decreasing the numbers of
DGGE bands as time went by. Considering that the
band profile represents predominant bacterial diver-
sity, this result suggests that there was a progressive
biomass adaptation, with the selection of those more
adapted to degrade the azo dye and cope with the
aromatic amines.

In addition, assuming that a carbon source is
needed to produce the compounds that reduce either
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the redox mediators or the azo dye in solution, the
results shown in Fig. 1 also indicate that yeast extract
(500 mg/L) acted as carbon source. In other words,
the use of 500 mg/L of yeast extract (source of redox
mediator) in the presence (phase 4) or absence (phase
6) of glucose resulted in a similar dye removal
efficiency (91%), indicating that glucose is not
necessary as co-substrate when yeast extract
(500 mg/L) is supplemented, which suggests that
the process of the descolorization is relatively non—
specific with respect to its electron donor (Van der
Zee and Villaverde 2005). This is important since the
simultaneous addition of glucose and yeast extract, as
seen in phase 4, significantly increased the applied
organic load and led to a reduction in COD removal
efficiency (when compared to phase 6) due to a
higher accumulation of VFA (Fig. 2).

The comparison of color removal efficiencies of
phase 5, when the reactor was fed with glucose and
without yeast extract, with phase 4 (with glucose and
yeast extract) clearly shows that the absence of yeast
extract led to a decrease (from 92 to 62%) in color
removal, proving that the use of yeast extract (source
of the redox mediator riboflavin) enhanced degrada-
tion of the azo dye blue HFRL. Others authors such
as Nigam et al. (1995) also demonstrated the effect of
yeast extract (0.5% w/v) in improving the reduction
of azo dyes by bacterial culture isolated from samples
of wastewater containing dyes. However, such
authors used yeast extract as a culture medium
complement and did not discuss the role of yeast
extract as source of redox mediator. Acoording to
Van der Zee and Cervantes (2009) redox mediators
have the ability of accelerating the azo dye reduction,
and this is highly relevant for the applicability of
biological techniques to remove color from textile
effluents in full scale wastewater treatment plants.

The average color removal efficiency (92%)
obtained in a UASB reactor supplemented with
500 mg/L of yeast extract (phase 6) can be consid-
ered high since a comparable efficiency (97%) of azo
dye removal was obtained by Ortiz (2008), only when
an anaerobic effluent was firstly treated in an aerobic
reactor and then by adsorption onto activated carbon.
In addition to a high color removal, the conditions
used in phase 6 allowed the degradation of half of the
influent COD. The COD removal efficiency was not
higher due to accumulation of VFA, which repre-
sented ~40% of the soluble COD leaving the reactor
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(Fig. 2). As it will be discussed below, the accumu-
lation of VFA reflects instability of the anaerobic
system, which happened in all operational phases
(except phase 1) probably due to the accumulation of
aromatic amines. Such compounds, which are toxic to
microorganisms and formed during anaerobic degra-
dation of azo dyes, normally accumulate in anaerobic
reactors. For instance Isik and Sponza (2008) showed
that only 28% of the aromatic amines generated by
the degradation of the azo dyes studied were removed
in an UASB reactor.

VFA accumulation and residual COD

Figure 2 shows that accumulation of VFA was
significant during all operational phases. VFA accu-
mulation contributed from 29 to 65% of the soluble
COD, with the highest value being observed during
phase 4. Since VFA are intermediate products of the
anaerobic digestion, their accumulation reflects an
imbalance between the acidogenic and methanogenic
microorganisms, which have quite distinct growth
rates. Such imbalance might happen due to any factor
that hampers the reproduction of the slow growing
methanogens, such as pH outside the 6.5-7.5 range,
low temperature, lack of nutrients and/or presence of
toxic compounds.

Figure 4 shows that median pH values varied from
7.13 to 7.19, with 6.5 being the minimum value
observed only during one operational phase. It is
noteworthy that when the pH dropped below 6.8
alkalinity (NaHCO;) was added straightway inside
the reactor to keep it around neutrality, and this
explains the high pH amplitude observed in some
operational phases (e.g. phases 4 and 5). As far as the
reactor temperature is concerned, Fig. 4 shows that
the minimum value was 20°C and that the median
temperature varied from 23 to 26.5°C. These results
suggest that pH and temperature were not responsible
for the increased VFA accumulation observed in
some phases. Since the feed solution contained
essential vitamins and minerals, nutrient deficiency
could not be blamed either for VFA accumulation.
This opens up the possibility for microbial toxicity,
which is consistent with the fact that biological
degradation of most azo dyes lead to the formation of
toxic aromatic amines (Isik and Sponza 2003;
Mendez-Paz et al. 2005; Dos Santos et al. 2006,
2003). In addition, it is also possible that the dye
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itself and/or some of its impurities might also be toxic
to anaerobic microorganisms.

In particular, the high VFA accumulation observed
in phase 4 might be explained by the fact that during
this phase the organic load was increased from 0.718
to 1.181 Kg COD/m® day due to the simultaneous
addition of glucose (350 mg/L) and yeast extract
(500 mg/L). This condition of abundance of easily
degradable substrate might have led to an increase in
the population of the fast growing acidogenic bacteria
which promptly produced VFA, mainly acetate.
According to the DGGE results (Fig. 3), an important
difference between phase 4 and the other phases is
the presence of a band that seems to be exclusive of
phase 4. This suggests that there is at least one
difference in the bacterial community, maybe among
fermentative bacteria, which could be a bacterial
population involved in VFA production in this
particular phase.

Facultative anaerobic bacteria, such as species of
Pseudomonas and Escherichia coli have been
reported to play a role on decolorization process
under anaerobic conditions (Bhatt et al. 2005;
Kalyani et al. 2008; Isik and Sponza 2003). For
instance a bacterial strain Pseudomonas aeruginosa
NBARI2 isolated from textile dye wastewater was
capable of decolorizing diazo reactive blue 172 when
glucose and yeast extract was supplied in the medium

(Bhatt et al. 2005). According to Isik and Sponza
(2003) during the degradation of azo dyes under
anaerobic conditions by E. coli and Pseudomonas sp.
strains, benzidine and VFA were detected as degra-
dation intermediates of dyes and glucose, demon-
strating that aromatic amines were not further
mineralized and accumulated at the end of the
anaerobic incubation period.

According to the results reported in the present
study, the fact that mainly acetate accumulated in
solution indicates that the slow growing methanogens
did not keep up with the acidogenic bacteria, and this
might have happened due to toxicity caused by
aromatic amines that likely accumulated in solution.
It is important to notice that the VFA accumulation
was similar during phases 3 and 5, since the
CODvygA/CODy, ratio were, respectively, 49 and
48%. This was somehow expected since the opera-
tional conditions were the same in these two phases,
and indicates that the reactor performance was
reproducible. The fact that less CODyga and less
residual COD was observed during phase 5 indicates
an increase in biomass adaptation from phase 3 to 5.
In addition, it was observed a reduction in VFA
accumulation from phase 4 onwards; suggesting a
progressive biomass adaptation.

Figure 5 shows that the specific rate of dye
removal, estimated by converting the samples
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absorbance at 654 nm into azo dye concentration and
by using data of VSS, increased along the operational
phases, except during phase 5. In this phase there was
a reduction in the specific rate of dye removal due to
the absence of yeast extract in the feed solution. This
is a further indication that yeast extract might have
acted as source of redox mediator and that there was
progressive biomass acclimatization along the oper-
ational phases. Biomass acclimatization was favored
because there was virtually 100% of solids retention
due to the low upflow velocity in the UASB and no
sludge discharge.

VFA accumulation is undesirable since it
decreases COD removal efficiency. However, since
such intermediate compounds are biodegradable,
their removal can be attained by improving the
conditions for the growth of VFA consumers (aceto-
genic and methanogenic bacteria). In the absence of
stressful conditions the acidogenic, acetogenic, and
methanogenic steps occur at a regular pace so that the
rate of VFA production equals that of VFA degra-
dation. The fact that the CODygs was the lowest
during phase 6 indicates that the presence of yeast
extract (500 mg/L) allied to the higher biomass
acclimatization somehow enhanced VFA degrada-
tion. However, the COD caused by other compounds
(CODyt vEA) Was 1.5 times the COD caused by VFA
(CODvyEa). Such unknown organics might be aro-
matic amines, other azo dye byproducts as well as
soluble microbial products (SMP).

During phase 6 color removal reached 91%
(median value) and the removal of soluble COD
was just 55% because of the presence of VFA and
unknown compounds in the ratio of approximately
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1:3. Since little is known about the degradation of
SMP and azo dye intermediates, the formation of
such compounds somehow dictates the maximum
COD removal that can be obtained in anaerobic
systems treating azo dyes. For the sake of compar-
ison, Dos Santos (2005) observed rates of COD
removal higher than 90% utilizing glucose as
co-substrate, azo dye (RR2) and anthraquinone-2,6-
disulphonate (AQDS) as source of mediator redox;
however, the anaerobic conditions were more favor-
able for microbial growth since the reactors were
operated at either mesophilic (35°C) or thermophilic
(55°C) range of temperature.

Microbial ecology

The fact that higher color removal rates were
observed in phases 4 and 6 (Fig. 1) despite the low
time of operation (Table 1) may be indicative that
azo dye degradation was accomplished in the absence
of specialized microorganisms (which have azore-
ductase enzymes, for instance). This hypothesis is
also supported by the DGGE profiles that showed
similar results for samples with and without yeast
extract (phases 4 and 5, respectively). Therefore it
can be inferred that the biomass selection observed
during the bioreactor operation is probably due to the
presence of aromatic amines or the dye itself rather
than the specific use of yeast extract during the azo
dye degradation.

The results presented before may also suggest that
biological color removal happened by the reduction
of the azo bond by riboflavin present in yeast extract.
Such redox mediator might be reduced by electron
carriers (e.g. NADH) at the cell surface and then be
re-oxidized by the azo dye. According to this
hypothesis, color removal would actually take place
outside the cell, i.e. in the bulk solution. If this is true,
color removal would rely on microorganisms only to
produce reducing equivalents via their oxidative
process, and this could be carried out by the fast
growing acidogenic bacteria. In this scenario color
removal would not depend on the development of a
specific microorganism, making the kinetics of color
removal much quicker, such as observed in Figs. 1
and 4.

Finally, the fact that the median color removal
efficiency decreased from 92% (phase 4) to 62%
(phase 5) when yeast extract was dropped out from
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the feed solution, and then went back up again to 91%
(phase 6) when it was reintroduced in the reactor,
indicates the importance of yeast extract as source of
redox mediators, strengthening the hypothesis that
color removal did not depend on a specialized
microorganism.

Conclusions

This paper showed the addition of yeast extract
(500 mg/L), in presence or absence of glucose,
significantly increased color removal from 62 to
92% despite low COD removal (55% at the best
scenario), which was due to VFA accumulation. VFA
accumulation contributed from 29 to 65% of the
soluble COD and might have resulted from toxicity
due to the dye and/or aromatic amines. Biomass
acclimatization increased along operation, resulting
in specific dye removal rate of 19.6 g/Kg SSV day
and lower VFA accumulation at the last operational
phase. The results demonstrated the potential appli-
cation of UASB reactor for azo dye degradation at
ambient temperature (~ 25°C), especially when the
feed was supplemented with yeast extract, a cheap
source of the redox mediator riboflavin.
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