
Aerobic Biodegradation of a Sulfonated Phenylazonaphthol
Dye by a Bacterial Community Immobilized in a Multistage
Packed-Bed BAC Reactor

Alfredo Ruiz-Arias & Cleotilde Juárez-Ramírez & Daniel de los Cobos-Vasconcelos &
Nora Ruiz-Ordaz & Angélica Salmerón-Alcocer & Deifilia Ahuatzi-Chacón &

Juvencio Galíndez-Mayer

Received: 20 March 2009 /Accepted: 15 March 2010 /
Published online: 8 April 2010
# Springer Science+Business Media, LLC 2010

Abstract A microbial community able to aerobically degrade the azo dye Acid Orange 7
was selected from riparian or lacustrine sediments collected at sites receiving textile
wastewaters. Three bacterial strains, pertaining to the genera Pseudomonas, Arthrobacter,
and Rhizobium, constitute the selected community. The biodegradation of AO7 was carried
out in batch-suspended cell culture and in a continuously operated multistage packed-bed
BAC reactor. The rapid decolorization observed in batch culture, joined to a delay of about
24 h in COD removal and cell growth, suggests that enzymes involved in biodegradation of
the aromatic amines generated after AO7 azo-bond cleavage (1-amino-2-naphthol [1-A2N]
and 4-aminobenzenesulfonic acid [4-ABS]), are inducible in this microbial consortium.
After this presumptive induction period, the accumulated byproducts, measured through
COD, were partially metabolized and transformed in cell mass. At all azo dye loading rates
used, complete removal of AO7 and 1-A2N was obtained in the multistage packed-bed
BAC reactor (PBR).; however, the overall COD (ηCOD) and 4-ABS (ηABS) removal
efficiencies obtained in steady state continuous culture were about 90%. Considering the
toxicity of 1-A2N, its complete removal has particular relevance. In the first stages of the
packed-bed BAC reactor (Fig. 4a–c), major removal was observed. In the last stage, only a
slight removal of COD and 4-ABS was obtained. Comparing to several reported studies, the
continuously operated multistage packed-bed BAC reactor showed similar or superior
results. In addition, the operation of large-packed-bed BAC reactors could be improved by
using several shallow BAC bed stages, because the pressure drop caused by bed
compaction of a support material constituted by small and fragile particles can be reduced.
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Nomenclature and units
BAC Biological activated carbon
BV,AO7=F cI,AO7/VPBL AO7 loading rate [mg L−1 h−1]
BV,COD=F cI,COD/VPBL COD loading rate [mg L−1 h−1]
BV,ABS=F cSI,ABS/VPBL Stoichiometric 4-ABS loading rate [mg L−1 h−1]
BV,AN=F cSI,AN/VPBL Stoichiometric 1-amino-2-naphthol loading

rate [mg L−1 h−1]
cI,AO7 Input concentration of AO7 [mg L−1]
cI,COD Input COD concentration [mg L−1]
cSI,ABS Input concentration of 4-ABS stoichiometrically

calculated [mg L−1]
cSI,AN Input concentration of 1-amino-2-naphthol

stoichiometrically calculated [mg L−1]
cAO7 Output concentration of AO7 [mg L−1]
cCOD Output COD concentration [mg L−1]
cABS Output 4-ABS concentration[mg L−1]
cAN Output 1-amino-2-naphthol concentration[mg L−1]
F Liquid flow rate [mL h−1]
HPB Packed-bed height [mm]
RV,AO7=F (cI,AO7−cAO7)/VPBL AO7 removal rate [mg L−1 h−1]
RV,COD=F (cI,COD−cCOD)/VPBL COD removal rate [mg L−1 h−1]
RV,ABS=F (cSI,ABS−cABS)/VPBL AO7 removal rate [mg L−1 h−1]
RV,AN=F (cSI,AN−cAN)/VPBL COD removal rate [mg L−1 h−1]
tD Decolorization time in batch enrichment cultures [h]
VPB Packed-bed volume [cm3] or [L]
VPBL=εB WGAC/ρB Interstitial packed-bed volume [cm3] or [L]
WGAC GAC weight [g]

Greeks
εB Packed-bed porosity [dimensionless]
ϕPB Packed-bed diameter [mm]
ηAO7 AO7 removal efficiency [%]
ηCOD COD removal efficiency [%]
ρB Packed-bed density [g cm−3]

Subscripts
AO7 Acid Orange 7
ABS 4-aminobenzene sulfonate
AN 1-amino-2-naphthol
CI Input concentration
COD Chemical oxygen demand
CSI Input concentration stoichiometrically calculated
PB Packed bed
PBL Liquid content in packed bed

Introduction

Azo dyes represent 60–70% of the thousands of azo compounds used in the textile,
pharmaceutical, cosmetics, and food industries. It is estimated that about 2% dyes are lost
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during their manufacture and may be present in wastewater flowing out from a textile
industry [1]. Many azo dyes contain potentially carcinogenic aromatic amines in their
chemical formulation [2], and owing to the genotoxicity and carcinogenic potential of some
byproducts released by azo reduction [3–7], azo dye discharges to water treatment facilities
or water bodies constitute a serious environmental problem and a public health concern.
Therefore, their removal from textile wastewater has been a big challenge over the last
decades, and the application of a chemical or biotechnological process, not only for color
removal but also for the complete mineralization of azo dyes, has been increased in the last
years [8].

Advanced oxidation processes (AOPs) have an important decontamination potential.
However, unless contaminants are not biodegradable, chemical or photochemical processes
hardly compete with the cost-effective and environmentally friendly biological treatments.
The main disadvantages of AOPs are the expenses associated to reagents and energy
consumption [9, 10].

As azo dyes are intentionally designed to be recalcitrant under typical usage conditions,
they are not adequately removed from textile wastewater in conventional sewage treatment
systems. The sulfonic acid group, introduced to increase the water solubility of dyes, and
the azo linkage, interfere in its microbial degradation [11, 12]. Reductive cleavage of the
−N═N− bond is the first step of the bacterial degradation of an azo dye. Its decolorization
could be achieved under anaerobic (methanogenic), anoxic, or aerobic conditions by
different trophic groups of bacteria. Azo dyes are generally resistant to bacterial attack
under aerobic conditions, nevertheless, some strains that reduce the azo linkage by aerobic
or oxygen-insensitive azoreductases, and can use the released byproducts as growth
substrates, have been isolated [13–17]. On the other hand, sulfonated aromatic amines
derived from azo dye breakdown offer resistance to biological attack because of their highly
polar sulfone group. Thus, specialized aerobic microbial consortia are required for their
mineralization [12, 13, 18].

Considering the recalcitrance of azo dyes, some authors have suggested the
addition of co-substrates [19–22] or the use of sequential anoxic/aerobic treatment
systems [22–24] for their complete biodegradation. However, for simple and economic
bioprocesses, both aspects can be avoided by using selected microbial strains able to use
the azo compounds as carbon and energy sources. Additionally, to remove azo
compounds from textile wastewaters, the use of packed biofilm reactors, particularly
when simultaneous adsorption and biodegradation processes are carried out in the
support material, could be an economic solution. It is well known that in biofilm
reactors, with activated carbon as support material, the organic polluting compounds are
adsorbed by carbon, and by microbial action the adsorbent is regenerated [25]. The
role of bioregeneration process in renewing the adsorbent surface for further adsorption
is well recognized [25, 26]. However, the use of biofilm reactors packed with powdered
or granulated activated carbon presents some problems. If the biodegradation process is
aerobic, the oxygen supply to a packed mass of biological activated carbon (BAC) is
complicated. The pressure drop in full scale BAC columns caused by support
compacting could also be a serious difficulty. For these reasons, to study the
biodegradation of the azo compound Acid Orange 7 (p-[(2-Hydroxy-1-napthyl)azo]benzene-
sulfonic acid), whose azo reduction leads to the formation of the toxic compound 1-amino-2-
naphthol [6] and the recalcitrant compound 4-aminobenzenesulfonic acid (4-ABS) [27], an
aerobic shallow-staged biofilm reactor packed with BAC particles fed with a minimal
medium containing the azo dye as the sole carbon and energy source, is proposed in this
work.
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Materials and Methods

Chemicals

p-[(2-Hydroxy-1-napthyl)azo]benzenesulfonic acid (Orange A, Orange II, Acid
Orange 7, AO7, C.I. 15510) of analytical grade and 1-amino-2-naphthol were
purchased from Sigma-Aldrich Co., USA. Sulfanilic acid (4-aminobenzene sulfonate)
was from Chem-Service, PA, USA. The solvents used for HPLC were acquired from
J T Baker, USA.

Culture Media

The minimal salts (MS) medium contained (in g L−1): (NH4)2SO4, 0.25; KH2PO4, 0.20;
MgSO4, 0.10; CaCl2, 0.02. After adjusting the pH value to 6.0 and adding Acid Orange 7
to reach the required concentration, the culture medium was autoclaved at 121 °C for
15 min. The isolated microbial strains were maintained in MS medium-agar plates
supplemented with AO7 at 50 mg L−1 (MS-AO7).

Selection of Microorganisms

Using the microbial enrichment technique of successive transfers to fresh MS-AO7
medium, microorganisms able to use the azo dye as the sole carbon source were
selected from riparian or lacustrine sediments collected from two sites receiving textile
wastewaters: the Atoyac River and the Requena Dam; both located in Central México,
at the Hidalgo and Tlaxcala states, respectively. Sediment samples were inoculated in
Erlenmeyer flasks containing 100 mL of MS-AO7 medium. Flasks were incubated at
28±2 °C in agitation. When decolorization was observed, a 5-mL aliquot was
transferred to another flask containing an increased concentration of AO7. Decoloriza-
tion time (tD) was variable. For the first transfers, tD was about 120 h; for the last one, tD
diminished to less than 24 h. After 12 transfers, an enriched microbial community able to
grow on MS-AO7 medium containing up to 200 mg AO7 L−1 was obtained. Along the
enrichment process, the presence or predominance of bacterial strains was determined by
thermal gradient gel electrophoresis (TGGE) of 16S rDNA fragments, PCR-amplified
(Gene Amp PCR System 2400, USA) using U968 [5′-(GC clamp)-AAC GCG AAG AAC
CTT AC-3′] and L1401 [5′-CGG TGT GTA CAA GAC CC-3′] primers [28]. The
equipment used was a TGGE System (Biometra, Göttingen, Germany).

AO7 Biodegradation in Batch Culture

Batch culture was carried out at room temperature in a magnetically stirred Erlenmeyer
flask containing 500 mL of MS-AO7 medium (200 mg L−1). The flask was inoculated
with an enriched mixed bacterial culture aliquot. Air was bubbled through a sintered glass
tube at a gas flow rate of 0.05 Lmin−1 (Gas Flowmeter, Gilmont Instruments USA).
Using a pH meter/controller (Chemcadet, Cole Parmer USA), the pH value was
maintained at 6.25±0.25 by addition of 0.2 M Na2CO3. Samples taken at different times
were used to estimate COD, by reflux closed method, and the azo-dye concentration by
HPLC or by measuring the sample absorbance at 485 nm in a Beckman DU-650
spectrophotometer.
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Multistage Packed-Bed Biofilm Reactor

The bioreactor used in this study was a lab-scale multistage column composed by three
Pyrex glass modules separated by sintered glass plates (pore size of 30–40 µm). To reduce
pressure drop and column compaction in the PBR, the support material was distributed in
three modules. Each one was packed with granular-activated carbon. The reactor was
operated with air and liquid concurrently injected into the lower part of the column. Each
stage had a lateral port for liquid sampling. A cover with an air/liquid discharge outlet was
located at the top of the third stage. A diagram of the reactor is shown in Fig. 1, and the
main characteristics of the fixed bed are presented in Table 1.

Continuous AO7 Biodegradation in the PBR

Granular-activated carbon (Calgon Carbon Co. PA, USA) was used as PBR biofilm
support; initially, it was saturated with the azo dye as follows. In aseptic conditions, GAC
was soaked by immersion during 96 h in a 2.8% AO7 solution, then, each stage was loaded
with saturated GAC, and the column was assembled. MS medium plus AO7 (200 mg L−1)
was fed at a flow rate of 16 mL h−1, maintaining an airflow rate of 0.05 L min−1. The
outflowing medium was periodically sampled to evaluate AO7 concentration. Once a stable
value of the output AO7 concentration of 200 mg L−1 was reached, indicating GAC

Fig. 1 Scheme of a multistage packed-bed BAC reactor. PP porous plate, SP sample port. (1) Lower, (2)
middle, and (3) upper PBR stages
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equilibrium with the azo dye solution, the reactor was inoculated with a cell suspension of
the mixed microbial community. To enable microbial attachment to GAC, cells were
aerobically cultivated for 24 h before starting the PBR continuous operation. Along all
experiments, the same airflow rate (0.05 L min−1) was maintained. The interstitial liquid
volume of the PBR (VLPB) was 104.4 mL. This value was used to estimate the volumetric
loading rates of the azo dye BV,AO7. The equivalent loading rates of the constituent parts of
Acid Orange 7, 4-ABS, and 1-A2N were calculated as follows.

According to the reductive cleavage of the AO7 azo bond, [C16H12O4N2S+4H
+→

C6H7O3NS+C10H9ON], 1 mg of Acid Orange 7 stoichiometrically renders 0.525 mg of
4-amino benzenesulfonic acid plus 0.485 mg of 1-amino-2-naphthol. On this basis, the
concentrations of both components in the inflowing medium were estimated and their
corresponding loading rates BV,ABS and BV,1−A2N were calculated. To operate the bioreactor
with several BV,AO7 values, liquid flow rate F was varied from 16 to 49.2 mL h−1.

Each stage of the packed-bed reactor was sampled to evaluate, spectrophotometrically and
by HPLC, the concentrations of Acid Orange 7, 1-amino-2-naphthol, and 4-amino
benzenesulfonic acid. COD was determined as described in “Analytical Methods”. Once a
steady state was reached (COD and AO7 effluent concentrations remain constant), the
volumetric loading rate BV,AO7 was changed. Finally, the reactor was disassembled, and
samples of the biological activated carbon BAC were used to obtain micrographs of the
biofilm adhered to GAC.

Isolation and Identification of Microorganisms

With the aid of a vortex agitator, microbial cells were extracted from BAC particles suspended in
water. After BAC particles settling, appropriated dilutions of the supernatant cell suspension
were poured in nutrient agar, and the strains showing differences in colonial morphology were
isolated. Bacterial DNAwas extracted, purified, and used for 16S rDNA amplification using the
oligonucleotides 8FPL-5′ and 1492RPL-5′ [29], as primers. Purity of strains was verified by gel
electrophoresis of their 16S rDNA fragments. Amplicons of about 1,500 bp were sequenced
(Instituto de Biología, UNAM) and compared with known sequences of bacterial 16S rDNA at
NCBI GenBank by using the Basic Local Alignment Search Tool (BLAST) algorithm.
Reported species showing the higher similarities were regarded as the isolated species.

Analytical Methods

Cell Concentration

In batch suspended cell culture, cell mass was gravimetrically determined by filtering
sample aliquots through pre-weighted Whatman GF/F (0.7 µm) filters. Then, filters were

Table 1 Characteristics of the GAC support packed in the multistage packed-bed reactor.

1st stage 2nd stage 3rd stage Total

HPB [mm] 59 28 25 112

VPB [cm3] 75.8 35 32.2 143

WGAC [g] 27 12.5 11.5 51

VPBL [cm3] 55.3 25.6 23.5 104.4

ϕPB=42 mm; εB=0.73; ρB=0.356 g cm−3
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dried to constant weight at 100 °C. Cell mass was determined by weight difference. By
microscopical observation of filtrates, it was verified that cells were retained in glass fiber
filters. Filtrates were used for determination of AO7 and its biodegradation products.

Determination of AO7, 4-amino Benzenesulfonic Acid, and 1-amino-2-naphthol

Concentrations of these compounds were routinely estimated by measuring their
absorbance at their respective maximum wavelengths: 485 nm for AO7, 245 nm for
4-ABS, and 286 nm for 1-A2N (Beckman DU 650 Spectrophotometer). Alternatively, a
Beckman HPLC Gold System, equipped with a diode array detector (UV 243 nm) and an
Alltech Econosphere C-8 column was also used to quantify the AO7 disappearance and
accumulation of biodegradation products. The column was eluted with a 60:40 mixture of
phosphoric acid (0.3%)/acetonitrile. Previously, a mixture of standards of AO7, 4-ABS, and
1-A2N (10 mg L−1 of each one), was injected to the HPLC column. The retention times
were: 2.3 min for AO7, 1.7 min for 4-ABS, and 2.05 min for 1-A2N.

Chemical Oxygen Demand

Using a closed reflux method (0–150 mg L−1) in a Hach reactor [30], COD values were
determined in filtrates obtained after cell mass determination.

Scanning Electron Microscopy

Once the reactor was disassembled, samples of BAC particles containing the microbial
biofilm were collected at each stage of the packed-bed reactor. After fixing with 2%
glutaraldehyde, washing twice with phosphate buffer at pH 7, post-fixing with 1% osmium
tetroxide, dehydrating with ethanol, drying, and finally covering with gold, micrographs of
BAC particles were taken in a scanning electron microscope (JEOL, JSM-5800 LV, Japan).

Results and Discussion

Enrichment of Dye-Decolorizing Bacterial Community

Along the enrichment process, changes in the number of strains constituting the bacterial
community were observed by TGGE analysis. After 12 successive transfers to flasks
containing MS-AO7 medium, the number of DNA bands diminished from eight to three. In
the last transfers, this value remained without change. Assuming that each DNA band
represents a pure strain, a stable ternary bacterial community was obtained (Fig. 2)

AO7 Biodegradation in Suspended Cell Batch Culture

Figure 3 shows a fast aerobic AO7 azo reduction; however, in the first 24-h cell growth was
not observed and only a slight diminution in COD occurs, indicating that the products
released by azo-bond cleavage were poorly metabolized. Later, these byproducts were
partially used by cells as the carbon and energy source as observed through the COD
removal efficiency (ηCOD=83.3%). The rapid decolorization observed in batch culture,
joined to the small change in COD and cell concentrations observed at the same time,
suggest that in this bacterial consortium, the synthesis of enzymes involved in 4-ABS and
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1-amino-2-naphthol catabolism is inducible. Specific information about the constitutive or
inducible character of the main enzymes involved in the biodegradation pathway of the
aromatic amines 4-ABS and 1-A2N is scarce [31–33]. However, the delay in COD removal
observed in batch biodegradation of AO7 could be indicative of an induction period for
those enzymes. A similar behavior (transient accumulation followed by biodegradation of
1-A2N and 4-ABS) was also observed in a biosulphidogenic batch reactor used for Orange
II (AO7) decolorization and biodegradation [34].

At the end of the batch culture, the accumulation of 4-ABS was determined by
liquid chromatography; thus, this compound could be mainly responsible for the
residual COD determined. On the other hand, after 96 h, only traces of 1-amino-2
naphthol were detected by HPLC; thus, the observed cell growth could be mainly
attributed to the metabolism of 1-A2N.

AO7 Biodegradation in Continuous Multistage Packed-Bed BAC Reactor

At all loading rates BV,AO7 applied to the PBR biosystem (30.6–94 mg L−1 h−1), complete
removal of AO7 and 1-A2N was obtained. At the lowest loading rate used, the overall COD

Fig. 2 TGGE of DNA obtained from the original microbial community (a), and after 12 successive transfers
made to enrich the microbial community with bacterial strains able to degrade AO7 (b)
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and 4-ABS removal efficiencies obtained in steady state were about 90% (Table 2). When a
continuous steady state was altered by changing the AO7 loading rate, in the first stage of
the PBR, a transient accumulation of 1-A2N was detected. In the upper stages, this
accumulation was not observed. Once it reached the corresponding steady state, 1-A2N was
no longer detected in the reactor. In Fig. 4a–c, it can be observed that 1-A2N removal
efficiencies in all bioreactors’ stages rounded 100%. Although BAC adsorption of 1-A2N
could contribute to its complete removal, the fact that this aromatic amine is an unstable
[35, 36] and biodegradable compound [37], joined to the results obtained in batch culture
(only traces of 1-A2N could be detected by HPLC at the end of the suspended cell culture)
indicate its complete biodegradation in the biofilm reactor.

Major removal was observed in the first stages of the packed-bed BAC reactor (Fig. 4a–c).
In the last stage, only a slight removal of COD and 4-ABS removal rates and efficiencies was
obtained. The low substrate input in the last stage, and consequently, the low biofilm density
observed in BAC fragments (Fig. 5c) could explain this fact.

Responding to changes in the loading rates BV,AO7 applied, variations in removal rates
RV and removal efficiencies (η) of COD, AO7, 4-ABS and 1-amino-2-naphthol, along the
PBR, can be observed in Table 2 and Fig. 4a–c. As observed, the 4-ABS removal
efficiency, stoichiometrically calculated, never exceeded the value of 90%.

4-ABS is considered a compound recalcitrant to biodegradation. Although it can be used as a
sulfur source by some microbial species, few of them can use it as a carbon and energy source
[38–40], unless the sulfonated compound is cometabolically degraded in the presence of
added co-substrates. The partial removal of 4-ABS observed in batch or continuous culture
could be explained by its cometabolic biodegradation in the presence of 1-A2N released by
azo dye bond cleavage. The behavior of both compounds at each PBR stage shows that once
1-A2N disappears, there is no further change in 4-ABS concentration in the second and third
stages. This fact suggests that 1-A2N could be used by the microbial community as a primary
energy source for biodegradation of the sulfonated compound. At all BV,AO7 values used, the
toxic amino naphthol was totally removed by the microbial community.

Fig. 3 Batch biodegradation of AO7 by a suspended cell culture of a ternary microbial community. AO7
(●), COD (■), and cell mass (▲) concentrations
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Fig. 4 Removal efficiencies of AO7 (a), COD (b), and 4-ABS (c) in the triple stage packed-bed biofilm
reactor fed with AO7 volumetric loading rates BV,AO7 varying from 30.65 to 94.25 mg L−1 h−1. Bar numbers
correspond to lower (1), middle (2), and upper (3) PBR stages. For 1-amino-2-naphthol, in all the stages,
removal efficiencies near 100% were obtained
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In Table 3, bioprocesses carried out for AO7 decolorization or biodegradation, as well as
their corresponding removal efficiencies and removal rates reported in literature, are
compared with those obtained in this work. In some of the reported processes, byproduct
accumulation was found; mainly, 4-ABS (sulfanilic acid), 1-A2N, or their derivatives.
Although in this work, 4-ABS accumulation was observed, the 1-A2N removal efficiency
always rounded 100%.

Several studies point to the carcinogenic potential of 1-amino-2-naphthol; however, the
data available are inconclusive. A search in relevant databases from DIMDI (Deutsches

Fig. 5 Bacterial biofilm density observed in (1) Lower, (2) middle, and (3) upper PBR stages
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Institut für Medizinische Dokumentation und Information) and GENETOX from the
National Library of Medicine’s TOXNET System only sourced limited information about
the carcinogenic potential of 1-amino-2-naphthol. Nevertheless, several papers point to the
hazardous nature of this compound. By example, a structure-activity study of 1-amino-2-
naphthol derived azo dyes using a Computer Automated Structure Evaluation system
(CASE) revealed that for optimal mutagenicity reduction of the azo bond was required;
thus, that activity could be related to the liberated aromatic amines [6]. The toxicity and
genotoxicity of Acid Orange 7 tested with the bioluminescent bacterium Vibrio fischeri and
Escherichia coli strains were attributed to the 1-amino-2-naphthol generated by hydrolysis
and decolorization of the dye [41]. In texts related to clinical toxicology [42] and hazardous
industrial materials [43–45], 1-A2N is included among the mutagenic compounds. It is
reported that 1-A2N induced gene mutations in Salmonella typhimurium TA100 [46], and
that it is responsible for in vitro formation of methemoglobin [47]. As a clear indication of
oxidatively denatured hemoglobin, Heinz’s bodies were found in the erythrocytes of mice
after oral administration of 1-A2N [48]. Its possible role in carcinogenesis could be related
to the generation of hydrogen peroxide and superoxide anions [49]. Additionally, 1-amino-
2-naphthol is considered a tissue carcinogen that irreversibly alters the transition midpoint
(Tm) of salmon sperm DNA and synthetic polyribonucleotides [50]. Because experimental
evidence suggests that, at least, 1-A2N should be considered a harmful compound, its
complete removal from textile effluents should be of ecological concern. In the case of
4-ABS, we could not find reports about its toxicity to aquatic or terrestrial species. Thus, it
could be considered a presumptively innocuous compound to aquatic environments.

Identification of Bacterial Strains Present in the Attached Biofilm

As described in Section 2.7, three bacterial strains were isolated from BAC attached
biomass. Their bacterial DNA was extracted, purified, and used for 16S rDNA
amplification. The sequenced amplicons were compared with known sequences of bacterial
16S rDNA at the NCBI GenBank. The bacterial strains showing the higher similarities were
identified as: Pseudomonas sp. (96%), Rhizobium sp. (96%), and Arthrobacter sp. (98%).
Their respective NCBI GenBank accession numbers were AB088539, AY490118, and
DQ628958.

Strains of the genus Pseudomonas able to reduce Acid Orange 7 [51], and to carry out
the desulfonation of benzenesulfonic byproducts [52] have been reported. The ability of
Pseudomonas to decolorize and degrade textile azo dyes is well documented [53, 54].
Arthrobacter strains are able to degrade naphthalenic compounds [55], and can either
degrade 2-amino naphthyl sulfonate (2-ANS) or use it as a sulfur source [13]; thus, the role
of both bacterial strains in the consortium could be explained.

On the other hand, references involving Rhizobium in azo reduction or biodegradation of
azo dye byproducts are scarce [56]. However, it is well known that bacterial surface
components such as extracellular polysaccharides (EPS) play an important role in
aggregation and surface colonization of plant-associated bacteria such as Rhizobium [57–
59]; thus, together with its possible participation in AO7 azo reduction or in biodegradation
of its byproducts, the most important role of Rhizobium in this bacterial community could
reside in biofilm formation.

In Fig. 5, the structure of the bacterial community colonizing BAC particles can be
observed. Micrographs show the change in biofilm density along the different stages of the
packed-bed reactor. In micrograph 5(2), the presence of biopolymers joining short bacilli is
clearly observed.
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Conclusions

When two biodegradation systems, suspended cells batch culture and a continuously operated
PBR, were compared, it was observed that the ternary bacterial consortium immobilized in the
second system, significantly improved the removal rates of AO7 and the catabolic
intermediaries, 4-ABS and 1-A2N, released after the AO7 azo-bond cleavage. The incomplete
removal of 4-ABS observed in batch or continuous culture could be explained by its
cometabolic biodegradation in the presence of 1-A2N released by azo dye bond cleavage.
Results obtained in the staged biofilm reactor suggest that 1-A2N could be used by the
microbial community as a primary energy source for biodegradation of the sulfonated
compound. With the GAC-attached microbial community, the complete removal of 1-A2N
from textile effluents was reached in this type of biofilm reactor. Bioprocesses that avoid the
release of this hazardous compound to the environment have an ecological interest. Two of the
bacterial strains, Arthrobacter sp. and Pseudomonas sp., have clear catabolic roles [13, 53–
55]. The third, Rhizobium sp., could play a role in the biodegradation of azo dyes [56], joined
to aggregation and cell colonization through synthesis of exopolysaccharides. After 2 months
of continuous operation, flow diminution caused by column blockage was not observed, thus,
we consider that the use of multiple shallow stages packed-bed columns reduces the
compaction of fragile BAC support and consequently, the pressure drop. Therefore, this type
of columns seems adequate for scaling up purposes.

Acknowledgments We greatly appreciate the assistance of the personnel of the Spectroscopy and
Microscopy Centrals, ENCB, IPN. This work was supported by a grant obtained from SIP, IPN.

References

1. Pearce, C. I., Lloyd, J. R., & Guthrie, J. T. (2003). The removal of color from textile wastewater using
whole bacterial cells. A review. Dyes Pigments, 58, 179–196.

2. Chung, K. T., & Cerniglia, C. E. (1992). Mutagenicity of azo dyes: structure–activity relationships.
Mutation Research, 227, 201–220.

3. Chung, K. T., Fulk, G. E., & Andrews, A. W. (1981). Mutagenicity testing of some commonly used
dyes. Applied and Environmental Microbiology, 42, 641–648.

4. Chung, K. T. (1983). The significance of azo-reduction in the mutagenesis and carcinogenesis of azo
dyes. Mutation Research, 114, 269–281.

5. Troll, W., Belman, S., & Levine, E. (1963). The effect of metabolites of 2-naphthylamine and the
mutagen hydroxylamine in the thermal stability of DNA and polyribonucleotides. Cancer Research, 23,
841–847.

6. Rosenkranz, H. S., & Klopman, G. (1990). Structural basis of the mutagenicity of 1-amino-2-naphthol-
based azo dyes. Mutagenesis, 5(2), 137–146.

7. Gottlieb, A., Shaw, C., Smith, A., Wheatley, A., & Forsythe, S. (2003). The toxicity of textile reactive
azo dyes after hydrolysis and decolourisation. Journal of Biotechnology, 101(1), 49–56.

8. Dos Santos, A. B., Cervantes, F. J., & Van Lier, J. B. (2007). Review paper on current technologies for
decolourisation of textile wastewaters: perspectives for anaerobic biotechnology. Bioresource Technology, 98
(12), 2369–2385.

9. García-Montaño, J., Torrades, F., García-Hortal, J. A., Domènech, X., & Peral, J. (2006). Degradation of
Procion Red H-E7B reactive dye by coupling a photo-Fenton system with a sequencing batch reactor.
Journal of Hazardous Materials, 134(1–3), 220–229.

10. García-Montaño, J., Ruiz, N., Muñoz, I., Doménech, X., García-Hortal, J. A., Torrades, F., et al. (2006).
Environmental assessment of different photo-Fenton approaches for commercial reactive dye removal.
Journal of Hazardous Materials, 138(2), 218–225.

1704 Appl Biochem Biotechnol (2010) 162:1689–1707



11. Kulla, H. G., Klausener, F., Meyer, U., Ludeke, B., & Leisinger, T. (1983). Interference of aromatic sulfo
groups in the microbial degradation of azo dyes Orange I and Orange II. Archives of Microbiology, 135,
1–7.

12. Noisommit-Rizzi, N., Kästle, A., Pritschow, A., Reuss, M., & Rizzi, M. (1996). Growth analysis of a
mixed culture during the degradation of 4-aminobenzenesulfonic acid. Biotechnology Techniques, 10(3),
173–178.

13. Pandey, A., Singh, P., & Iyengar, L. (2007). Bacterial decolorization and degradation of azo dyes.
International Biodeterioration & Biodegradation, 59, 73–84.

14. Stolz, A. (2001). Basic and applied aspects in the microbial degradation of azo dyes. Applied
Microbiology and Biotechnology, 56, 69–80.

15. McMullan, G., Meehan, C., Conneely, C., Kirby, N., Robinson, T., Nigam, P., et al. (2001). Microbial
decolorization and degradation of textile dyes. Applied Microbiology and Biotechnology, 56, 81–87.

16. Nachiyar, C. V., & Rajakumar, G. S. (2005). Purification and characterization of an oxygen insensitive
azoreductase from Pseudomonas aeruginosa. Enzyme and Microbial Technology, 36, 503–509.

17. Ooi, T., Shibata, T., Sato, R., Ohno, H., Kinoshita, S., Thuoc, T. L., et al. (2007). An azoreductase,
aerobic NADH-dependent flavoprotein discovered from Bacillus sp.: functional expression and
enzymatic characterization. Applied Microbiology and Biotechnology, 75, 377–386.

18. Feigel, B. J., & Knackmus, H.-J. (1993). Synthrophic interactions during degradation of 4-
aminobenzenesulfonic acid by two species bacterial culture. Archives of Microbiology, 159(2), 124–130.

19. Steffan, S., Bardi, L., & Marzona, M. (2005). Azo dye biodegradation by microbial cultures immobilized
in alginate beads. Environment International, 11, 201–205.

20. Knapp, J. S., Zhang, F., & Tapley, K. N. (1997). Decolourisation of Orange II by a wood-rotting fungus.
Journal of Chemical Technology and Biotechnology, 69, 289–296.

21. Padmavathy, S., Sandhya, S., Swaminathan, K., Subrahmanyam, Y. V., Chakrabarti, T., & Kaul, S. N.
(2003). Aerobic decolorization of reactive azo dyes in presence of various cosubstrates. Chemical and
Biochemical Engineering Quarterly, 17(2), 147–151.

22. Franciscon, E., Zille, A., Dias, G. F., Ragagnin de Meneses, C., Durrant, R. G., & Cavaco-Paulo, A. (2009).
Biodegradation of textile azo dyes by a facultative Staphylococcus arlettae strain VN-11 using a sequential
microaerophilic/aerobic process. International Biodeterioration & Biodegradation, 63, 280–288.

23. Ong, S.-A., Toorisaka, E., Hirata, M., & Hano, T. (2005). Treatment of azo dye Orange II in a sequential
anaerobic and aerobic-sequencing batch reactor system. Environmental Chemistry Letters, 2, 203–207.

24. Khehra, M. S., Saini, H. S., Sharma, D. K., Chadha, B. S., & Chimni, S. S. (2006). Biodegradation of
azo dye C.I. Acid Red 88 by an anoxic–aerobic sequential bioreactor. Dyes Pigments, 70, 1–7.

25. Lee, K. M., & Lim, P. E. (2005). Bioregeneration of powdered activated carbon in the treatment of alkyl-
substituted phenolic compounds in simultaneous adsorption and biodegradation processes.Chemosphere, 58,
407–416.

26. Aktas, Ö., & Cecen, F. (2007). Bioregeneration of activated carbon: a review. International
Biodeterioration & Biodegradation, 59, 257–272.

27. Lindner, O., & Rodenfeld, L. (2002). Benzenesulfonic acids and their derivatives. Environmental
aspects, in Ullmann’s Encyclopedia of Industrial Chemistry (Electronic version) (6th ed.). Germany:
Wiley-VCH.

28. Felske, A., Engelen, B., Nübel, U., & Backhaus, H. (1996). Direct ribosome isolation from soil to extract
bacterial rRNA for community analysis. Applied and Environmental Microbiology, 62, 4162–4167.

29. Relman, D. A. (1993). Universal bacterial 16S rDNA amplification and sequencing. In D. H. Persing, T.
F. Smith, F. C. Tenover, & T. J. White (Eds.), Diagnostic molecular microbiology (pp. 489–495).
Washington: American Society for Microbiology.

30. Hach Wastewater and biosolids analysis manual. (1999). Colorado: Hach Company.
31. Blümel, S., Contzen, M., Lutz, M., Stolz, A., & Knackmuss, H. J. (1998). Isolation of a bacterial strain

with the ability to utilize the sulfonated azo compound 4-carboxy-4′-sulfoazobenzene as the sole source
of carbon and energy. Applied and Environmental Microbiology, 64, 2315–2317.

32. Mampel, J., Ruff, J., Junker, F., & Cook, A. M. (1999). The oxygenase component of the
2-aminobenzenesulfonate dioxygenase system from Alcaligenes sp. strain O-1. Microbiology, 145,
3255–3264.

33. Swetha, V. P., Basu, A., & Phale, P. S. (2007). Purification and characterization of 1-naphthol-2-
hydroxylase from carbaryl-degrading Pseudomonas strain C4. Journal of Bacteriology, 189, 2660–2666.

34. Togo, C. A., Mutambanengwe, C. C. Z., & Whiteley, C. G. (2008). Decolourisation and degradation of
textile dyes using a sulphate reducing bacteria (SRB)-biodigester microflora co-culture. African Journal
of Biotechnology, 7, 114–121.

35. Nam, S., & Tratnyek, P. G. (2000). Reduction of azo dyes with zero-valent iron. Water Research, 34,
1837–1845.

Appl Biochem Biotechnol (2010) 162:1689–1707 1705



36. Roy, G., Donato, P., Görner, T., & Barres, O. (2003). Study of tropaeolin degradation by iron-proposition
of a reaction mechanism. Water Research, 37, 4954–4964.

37. Ramalho, P. A., Cardoso, M. H., Cavaco-Paulo, A., & Ramalho, M. T. (2004). Characterization of azo
reduction activity in a novel Ascomycete yeast strain. Applied and Environmental Microbiology, 70,
2279–2288.

38. Dangmann, E., Stolz, A., Kuhm, A. E., Hammer, A., Feigel, B., Noisommit-Rizzi, N., et al. (1996).
Degradation of 4-aminobenzenesulfonate by a two-species bacterial coculture. Biodegradation, 7, 223–229.

39. Singh, P., Birkeland, N.-K., Iyengar, L., & Gurunath, R. (2006). Mineralization of
4-aminobenzenesulfonate (4-ABS) by Agrobacterium sp. strain PNS1. Biodegradation, 17, 495–502.

40. Wang, Y. Q., Zhang, J. S., Zhou, J. T., & Zhang, Z. P. (2009). Biodegradation of
4-aminobenzenesulfonate by a novel Pannonibacter sp. W1 isolated from activated sludge. Journal of
Hazard Materials, 169, 1163–1167.

41. Gottlieb, A., Shaw, C., Smith, A., Wheatley, A., & Forsythe, S. (2003). The toxicity of textile reactive
azo dyes after hydrolysis and decolourisation. Journal of Bacteriology, 101, 49–56.

42. Rossoff, I. S. (2002). Encyclopedia of clinical toxicology: a comprehensive guide and reference (p. 733).
New York: The Parthenon Publishing Group. CRC Co.

43. Sax, N. I., & Lewis, R. J. (2000). Sax’s dangerous properties of industrial materials (10th ed.). New
York: Wiley.

44. Boyland, E., & Manson, D. (1966). The biochemistry of aromatic amines. The metabolism of
2-naphthylamine and 2-naphthylhydroxylamine derivatives. Biochemical Journal, 101, 84–102.

45. Sweeney, E. A., Chipman, J. K., & Forsythe, S. J. (1994). Evidence for direct-acting oxidative
genotoxicity by reduction products of azo dyes. Environmental Health Perspectives, 102(Suppl 6), 119–
122.

46. Dillon, D., Combes, R., & Zeiger, E. (1994). Activation by caecal reduction of the azo dye D and C Red
No. 9 to a bacterial mutagen. Mutagenesis, 9, 295–299.

47. Tarding, F., & Poulsen, E. (1987). Influence of two azo dyes Orange RN and Orange II on the formation
of methemoglobin in-vitro. Israel Journal of Veterinary Medicine, 43, 130–134.

48. Niltsu, K. (1973). Metabolism and carcinogenicity of azo dyes. I. Metabolism of food colours, Orange II
and Sunset Yellow FCF. Tokyo Jikeika Ika Daigaku Zasshi, 88, 460–466.

49. Nakayama, T., Kimura, T., Kodarma, M., & Nagata, C. (1983). Generation of hydrogen peroxide and
superoxide anion from active metabolites of naphthylamines and amino azo dyes—its possible role in
carcinogenesis. Carcinogenesis, 4, 765–770.

50. Troll, W., Bellman, S., & Levine, E. (1963). The effect of metabolites of 2-naphthylamine and the
mutagen hydroxylamine on the thermal stability of DNA and polyribonucleotides. Cancer Research, 23,
841–847.

51. Lodato, A., Alfieri, F., Olivieri, G., Di Donato, A., Marzocchella, A., & Salatino, P. (2007). Azo-dye
conversion by means of Pseudomonas sp. OX1. Enzyme and Microbial Technology, 41, 646–652.

52. Zürrer, D., Cook, A. M., & Leisinger, T. (1987). Microbial desulfonation of substituted naphthalene-
sulfonic acids and benzenesulfonic acids. Applied and Environmental Microbiology, 53(7), 1459–1463.

53. Kalyani, D., Telke, A., Govindwar, S., & Jadhav, J. (2009). Biodegradation and detoxification of reactive
textile dye by isolated Pseudomonas sp. SUK1. Water Environment Research, 81, 298–307.

54. Zimmermann, T., Kulla, H. G., & Leisinger, T. (2005). Properties of purified Orange II azoreductase, the
enzyme initiating azo dye degradation by Pseudomonas KF46. European Journal of Biochemistry, 129,
197–203.

55. Seo, J.-S., Keum, Y.-S., Hu, Y., Lee, S.-E., & Li, Q. X. (2006). Phenanthrene degradation in Arthrobacter
sp. P1–1: initial 1, 2-, 3, 4- and 9–10-dioxygenation, and meta- and ortho-cleavages of naphthalene-1,
2-dicarboxylic acid and hydroxyl naphthoic acids. Chemosphere, 65, 2388–2394.

56. Telke, A., Kalyani, D., Jadhav, J., & Govindwar, S. (2008). Kinetics and mechanism of reactive red 141
degradation by a bacterial isolate Rhizobium radiobacter MTCC 8161. Acta Chimica Slovenica, 55,
320–329.

57. Reuber, T. L., Urzainqui, A., Glazebrook, J., Reed, J. W., & Walker, G. C. (1991). Rhizobium meliloti
exopolysaccharides. Structures, genetics analyses and symbiotic roles. Annals of the New York Academy
of Sciences, 646, 61–69.

58. De Troch, P., & Vanderleyden, J. (1996). Surface properties and motility of Rhizobium and Azospirillum
in relation to plant root attachment. Microbial Ecology, 32, 149–169.

59. Ofek, I., Sharon, N., & Abraham, S. N. (2006). Bacterial adhesion. In M. Dworkin (Ed.), The
Prokaryotes (3rd ed., vol. 2, pp. 16–31). Springer Verlag.

60. Ramalho, P. A., Scholtze, H., Cardoso, M. H., Ramalho, M. T., & Oliveira-Campos, A. M. (2002).
Improved conditions for the aerobic reductive decolourisation of azo dyes by Candida zeylanoides.
Enzyme and Microbial Technology, 31(6), 848–854.

1706 Appl Biochem Biotechnol (2010) 162:1689–1707



61. Carvalho, M. C., Pereira, C., Goncalves, I. C., Pinheiro, H. M., Santos Arropes, A., & Ferra, M. I.
(2008). Assessment of the biodegradability of a monosulfonated azo dye and aromatic amines.
International Biodeterioration & Biodegradation, 62(2), 96–103.

62. Mezohegy, G., Bengoa, C., Stuber, F., Font, J., Fabregat, A., & Fortuny, A. (2008). Novel bioreactor
design for decolourisation of azo dye effluents. Chemical Engineering Journal, 143(1–3), 293–298.

63. Davies, L. C., Pedro, L. S., Novais, J. M., & Martins-Dias, S. (2006). Aerobic degradation of acid orange
7 in a vertical-flow constructed wetland. Water Research, 40(10), 2055–2063.

64. Méndez-Paz, D., Omil, F., & Lema, J. M. (2005). Anaerobic treatment of azo dye Acid Orange 7 under
batch conditions. Enzyme and Microbial Technology, 36(2–3), 264–272.

Appl Biochem Biotechnol (2010) 162:1689–1707 1707


	Aerobic...
	Abstract
	Introduction
	Materials and Methods
	Chemicals
	Culture Media
	Selection of Microorganisms
	AO7 Biodegradation in Batch Culture
	Multistage Packed-Bed Biofilm Reactor
	Continuous AO7 Biodegradation in the PBR
	Isolation and Identification of Microorganisms
	Analytical Methods
	Cell Concentration
	Determination of AO7, 4-amino Benzenesulfonic Acid, and 1-amino-2-naphthol
	Chemical Oxygen Demand

	Scanning Electron Microscopy

	Results and Discussion
	Enrichment of Dye-Decolorizing Bacterial Community
	AO7 Biodegradation in Suspended Cell Batch Culture
	AO7 Biodegradation in Continuous Multistage Packed-Bed BAC Reactor
	Identification of Bacterial Strains Present in the Attached Biofilm

	Conclusions
	Section122



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


