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Synthetic dyes are widely used in many indus-
tries, such as textile dyeing, leather tanning, plastic
and paper production and printing industries. They
are major sources of environmental contamination,
especially in water pollution [1]. Releases of the was-
tewater of these industries to the environment without
refining steps are damaging and retrievable. The exis-
tence of chromatic materials in water reduces the in-
fluence of light, thus aquatic plants photosynthesis is
reduced. The toxicity of dyes causes death of aquatic
beings [2,3]. An additional difficulty is that these dyes
are not easily degraded by common wastewater treat-
ment systems. Therefore, the employment of these
dyes must be managed and must be treated before
being released into the environment [3,4].

Numerous processes have been proposed for
industrial dyes wastewater treatment, which were
classified as physical, chemical and biological me-
thods. They are limited to special cases and cannot
be effectively applied for all dyes [5,6]. Ozone oxi-
dation and physical adsorption by activated carbon
are accepted processes but they are adverse be-

Correspondening author: A. Karimi, Department of Applied Che-
mistry and Chemical Engineering, University of Tabriz, Tabriz,
Iran.

E-mail: akarimi@tabrizu.ac.ir

Paper received: 22 July, 2011

Paper revised: 13 October, 2011

Paper accepted: 20 October, 2011

ENZYMATIC /N-S/TU GENERATION OF H;0;
FOR DECOLORIZATION OF ACID BLUE 113
BY FENTON PROCESS

Decolorization of Acid Blue 113 in an aqueous medium by bio-Fenton process
has been investigated in this study. Enzymatic oxidation of glucose was per-
formed for in-situ generation of H-O., which was employed to react with Fe*
for producing hydroxyl radicals. The effects of various parameters, including
concentrations of AB 113, glucose, and FeSO,, activity of glucose oxidase
(GOx) and pH were assessed. The highest decolorization of AB 113 was
achieved at F&* concentration of 0.2 mmol/L, pH 4.0, glucose concentration of
0.018 mol/L, and glucose oxidase activity of 2500 U/L in the constant tempe-
rature (23 0.1 °C) and constant shaking rate (160 r/min), while the concen-
tration of AB 113 was 40 mg/L. Under these conditions, the obtained AB 113
decolorization efficiency after 60 min was about 95%.

Keywords: Acid Blue 113, bio-Fenton, decolorization, glucose oxidase.

cause of their high equipment and operating costs
[7,8]. Some of the other methods such as flocculation
and coagulation just transfer pollutants from the liquid
phase to the other phase.

Azo dyes, the largest class of synthetic dyes are
distinguished by containing one or more azo groups
(—~N=N-) that are bonded to the aromatic rings. It
should be emphasized that due to their complicated
and recalcitrant molecular structure, they are difficult
to remove from wastewater by using common physi-
cal, chemical and biological treatment methods [9-11].
Therefore, it is essential to look for appropriate me-
thods or techniques for the treatment of this kind of
pollutants to reduce their environmental impact.

Advanced oxidation processes based on the ge-
neration of hydroxyl radicals ("OH) with great oxidi-
zing potential (£ = 2.8 V/SHE), can quickly and non-
selectively oxidize a wide spectrum of diverse organic
dyes [12,13]. Therefore, advanced oxidation proces-
ses can be a good selection to treat this kind of was-
tewaters because of their powerful oxidizing capability
to oxidize dyes to non-toxic products CO, and H,O
[14]. This method doesn't have the problem of resi-
duals and also, can be used in room temperature and
atmospheric pressure [15-16]. The oxidation mecha-
nisms of Fenton oxidation process are shown in the
following equations [2-4]:

Fe?+H,0, — Fe3*+HO +HO- (1)
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Fe3*+H,0, — Fe2*+HOO" +H* )
Fe3*+HOO" — Fe2*+0,+H* (3)
R-H+HO" —» R'+H,0 (4)
R*+Fe® — Fe2*+R* (5)
R*+H,0 — ROH+H* (6)
Fe2*+HO" — Fe®*+HO- (7)
H,0, +HO" — H,0+HOO (8)
HOO" — O3 +H* 9)
HOO" +Fe?*(+H*) — Fe3++H,0, (10)
HO" +HO" — H,0, (11)

The aim of this study is the investigation of bio-
-Fenton process application in AB 113 decolorization
using H,O, which was in-situ produced from oxidation
of glucose, catalyzed by glucose oxidase. The effects
of variables including glucose, glucose oxidase, dye,
and Fe?" concentrations and also, the pH of the reac-
tion were studied by changing each in turn while
keeping the other parameters constant.

EXPERIMENTAL

Materials

Glucose oxidase (GOx) type Il (EC 1.1.3.4, 25
U/mg, from Aspergillus nigen), [D-(+)-glucose, so-
dium acetate, acetic acid, sulfuric acid, sodium hyd-
roxide, 2,2’-azino-di-(3-ethylbenzthiazolin-sulfonate),
FeSO,, and Acid Blue 113 (AB 113) of analytical grade
were obtained from Sigma Aldrich.

Analytical methods

The absorption spectrum of AB 113 in aqueous
solution was recorded in the range of 400-850 nm and
it was found that the maximum wavelength was at
566 nm. Aqueous solutions of AB 113 with different
concentrations were prepared and their absorption
intensities at 566 nm were measured, and a calibra-
tion curve for finding dye concentration in decolori-
zation experiments was plotted.

The decolorization of AB 113 at different reac-
tion times was determined by measuring the absorp-
tion intensity of the solution at 566 nm. The decolori-
zation efficiency of AB 113 was defined as follows [1]:

R=100%"% (12)
Co

where Ris decolorization efficiency, ¢ is initial AB 113
concentration, and ¢;is AB 113 concentration at time ¢

90

A Biowave S2100-WPA UV-Vis spectrophoto-
meter (made in England) was used for absorption
measurements.

Experimental procedures

All experiments were carried out in a 100 mL
flask bioreactor in a shaker incubator at 160 r/min.
Temperature of the reaction mixture in all experi-
ments was constant at 2311 °C. The initial pH of so-
lutions were adjusted by 1.0 mol/L sulfuric acid and
1.0 mol/L sodium hydroxide solutions using pH meter
Labtron (PHT-110). The required concentrations of
glucose, glucose oxidase, FeSO,4, and AB 113 were
prepared in distillated water correspondingly.

GOx activity determination

GOx oxidizes fD-glucose in the presence of
oxygen to fD-glucono-&lactone and H,O,. The pro-
duced H,0; is then utilized to oxidize a chromogenic
substrate in a secondary reaction in the presence of
catalase and a resultant color change is monitored
spectrophotometrically. 2,2’-Azino-di-[3-ethylbenzthia-
zolin-sulfonate] was used for this goal through form-
ing a greenish-blue oxidized product that was mea-
sured spectrophotometrically at 420 nm. One unit of
catalyst activity (U) is defined as the amount of GOx
required to consume 1 pmol substrate in one min at
25°C[18].

RESULTS AND DISCUSSION

Comparison of AB 113 absorption spectrum with the
other materials

Water soluble bisazo dye AB 113 (Figure 1) (mo-
lecular formula C23H21N5Na206S2 and molecular
weight of 681.65), a toxic and carcinogenic mater [19],
was selected for decolorization by bio-Fenton reac-
tion. Total bio-Fenton reactions which were used are:

CgHy,06+H,0+0, —Sueseodese , ¢ H 0, +H,0, (13)
M7++H,0, — M)+ + HO- +* OH (14)

where Mis a transition metal like iron [20].
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Figure 1. Molecular structure of Acid Blue 113 [20].
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For determination of the efficiency and rate of
decolorization, dye concentration measuring in diffe-
rent steps is necessary. For awareness of uninterfe-
rence of the spectrum peaks of AB 113 with FeSQO,,
glucose, and GOx, their absorption spectra were re-
corded in the range of 400-800 nm. Comparison of
the results indicates that only AB 113 has a spectrum
peak at 566 nm (Figure 2). Thus, AB 113 concentra-
tion easily can be calculated spectrophotometrically.

Absorption
=
(¥ %)

400 430 500 530 600 650 700 750 BOO &350
Wavelenght

Figure 2. Comparison of the absorption spectrum of AB 113 in
aqueous solution with glucose, GOx, and FeSO;,.

Effect of glucose concentration

H,O, plays a very important role as a source of
*‘OH generation in Fenton’s reaction. In this study,
H,O, produced /n-situ using oxidation-reduction reac-
tion of glucose-O, in the presence of GOx. As can be
seen from Eq. (13), the production rate of H,0O, in the
reaction medium depends on glucose concentration.
Due to this reason, the effect of glucose concentration
on the decolorization of AB 113 was examined by va-
rying initial concentration of glucose from 0.006 mmol/L
to 0.022 mmol/L while concentration of dye (40 mg/L),
Fe?* (0.2 mmol/L), GOx activity (2000 U/L) and the
initial pH (4.0), were constant. The results are shown
in Figure 3. It can be observed that increasing the
glucose concentration from 0.006 mmol/L to 0.018
mmol/L could enhance the decolorization of AB 113
from 76 to 90% within 60 min. However, further in-
crease of the glucose concentration above 0.022 mmol/
/L didn't improve the decolorization rate of AB 113.
This observation can be explained that in high con-
centrations of glucose, there is the scavenging effect
of excessive produced H,O, to "OH (Eq. (8)). In ad-
dition, with the recombination of hydroxyl radicals (Eq.
(11)), amounts of “OH are declined and following it,
the decolorization efficiency of AB 113 was reduced

[9]. From the results, it was found that a suitable glu-
cose concentration is about 0.018 mmol/L.

g 4% —t—0.006mol’L
—¥—0.011molL
—i—0.018mol’L
0.6 -
- —&—0.022mel’L
S
=
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0 20 40 60 20 100 120
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Figure 3. Effect of glucose concentration on the rate of
decolorization.

Effect of the initial Fe?* concentration

To study the role of initial concentration of Fe®*
on the decolorization of AB 113 by bio-Fenton oxida-
tion, a series of experiments were performed with dif-
ferent initial Fe®* concentration from 0.1 to 0.4 mmol/L
while the concentration of dye (40 mg/L) and glucose
(0.018 mol/L), GOx activity (2000 U/L), and the initial
pH (4.0) were constant. The results have been pre-
sented in Figure 4. The decolorization efficiency of AB
113 was significantly changed over the initial Fe**
concentration value of 0.1-0.4 mmol/L. The lowest and
the highest decolorization efficiency were obtained at
initial Fe?* concentration of 0.1 and 0.2 mmol/L
respectively after 60 min reaction time. Concentration
of 0.3 mmol/L of FeSO,4 has no increasing in AB 113
decolorization efficiency. Much higher concentration
of Fe?" (0.4 mmol/L) could lead to excessive ‘OH
value and the self scavenging of "OH radical by Fe?*
(Eg. (7)) would cause a decrease in decolorization
rate of AB 113 [4].

Effect of the initial dye concentration

The initial dye concentrations ranging from 5 to
100 mg/L were investigated while glucose concen-
tration (0.018 mol/L), Fe** concentration (0.2 mmol/L),
initial GOx activity (2000 U/L), and the pH (4.0) were
constant. The results are illustrated in Figure 5. It is
observed that in the lower concentrations of the dye,
decolorization is faster. The rise of the dye concen-
tration in aqueous solution increases the number of
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dye molecules in the solution while the number of
hydroxyl radicals is constant [21,22], so despite of the
increase in color removal rate, the decolorizing effi-
ciency decreases at high concentration of dye.

C1C,

Time (min)

_ ()
80 o
60 -
40
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2 3 4

Fe (II) concentration (mM)

R (%)

Figure 4. Effect of Fe (Il) concentration on the decolorization
rate (a) and decolorization efficiency (R%,) (b) after 60 min.

CiC,
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Figure 5. Effect of dye concentration on the rate of
decolorization.
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Effect of initial pH

The effect of initial pH on the decolorization of
AB 113 by bio-Fenton process is shown in Figure 6.
The initial tests show that dependence of the AB 113
absorbance is negligible in the pH range studied. The
experiments were down at constant concentration of
dye (40 mg/L), glucose (0.018 mol/L), Fe** (0.2 mmol/
/L), and initial GOx activity (2000 U/L) while the pH
was varied from 3.0 to 7.0, that pH 3.0 and 4.0 were
adjusted with H,SO, and NaOH solutions (1.0 M) and
pH 5.0 to 7.0 were adjusted with acetate buffer solu-
tion. The optimum pH was observed 4.0 and increas-
ing or decreasing of the pH value had undesirable
effects on the decolorization rate of AB 113. This is
because the concentrations of Fe** and H,0, depend
on the pH, so correspondingly, pH affects the yield of
the active "OH and decolorization rate. The decolori-
zation efficiency of AB 113 was decreased with the
increase of pH from 4.0 to 7.0. This is mainly caused
by the fact that Fe(OH); is formed when pH is high [1],
and inhibits the reaction between Fe®* and H,0,, so
only a small amount of the *OH is generated. When
the pH is lower than 4.0 approximately, GOx is be-
come inactive and just a litle amount of H,O, is pro-
duced [23]. Thus, correspondingly, the rate and the
efficiency of AB 113 decolorization have been de-
creased. In addition, when the pH of reaction medium
is lower than 3.0, H,O, reacts with excessive H" and
forms hydronium ions (H;O") [24] which do not have a
positive effect on the decolorization.

Effect of GOx concentration

The experiments were performed at constant
dye concentration (40 mg/L), glucose concentration
(0.018 mol/L), Fe*" concentration (0.2 mmol/L), and
initial pH 4.0 while the GOx activity was varied from
500 to 5000 U/L. As shown in Figure 7, the dye de-
colorization rate increases with increasing GOx acti-
vity until to 2500 U/L. In the presence of too high GOx
activity, due to high rate of H,O, production, the re-
action between active radicals and produced H,O, is
caused to decrease the AB 113 decolorization rate [25].

CONCLUSION

Most azo dyes are difficult to decompose by
sample methods due to their complex and steady
structure. The advanced oxidation process is an at-
tractive method for decolorization of these dyes. In
this study, a new Bio-Fenton process, involving enzy-
matic in-situ generation of H,O,, was introduced for
AB 113 removal from water. Influence of different pa-
rameters which is effective on biological generation of
H,O, and Fenton process was investigated. The best
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Figure 6. Effect of pH on the rate of decolorization.
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AFZAL KARIMI ENZIMSKO /N S/TUGENERISANJE H,0O, RADI
FATEMEH MAHDIZADEH DEKOLORIZACIJE BOJE ACID BLUE 113
MOHAMMADREZA F E NTO N OVl M P ROC ESO M U ovom radu izvréena je dekolorizacija
ESKANDARIAN

Department of Applied Chemistry and
Chemical Engineering, University of
Tabriz, Tabriz, Iran

NAUCNI RAD
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boje Acid Blue 113 u vodenom medijjumu pomocu bio-Fenton-ovog procesa. Enzimska
Oksidacifa glukoze je izvrSena in situ, radi dobjjanja H.O. koji je dalje iskoriScen za
reakcijju sa Fe®* kojom se dobijaju hidroksil radikali Pracen je uticaj razlicitih
parametara, ukljucuju koncentraciju boje Acid Blue 113, glukoze i FeSO, aktivnost
glukozo oksidaze (Gox) i pH. Najvisi stepen dekolorizacife boje Acid Blue 113 je
postignut pri koncentraciji Fe®* od 0,2 mmol/dm’, pH vrednosti 4.0, koncentraciji glukoze
od 0,018 movdm® i aktivnosti glukoza oksidaze od 2500 wam® na konstantnoj
temperaturi (23+0,1 °C) i stalnoj brzini muckanja (160 o/min). Pri tome je koncentracija

boje Acid Blue 113 bila 40 mg/dm®. U ovim uslovima, efikasnost dekolorizacije boje Acid
Blue 113 od 95% je postignuta posle 60 min.Kljucne reci:Acid Blue 113; bio-Fenton;
dekolorizacifa, glukozooksidaza.




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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


