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Decomposition of Sulfamethoxazole by Catalytic Wet Peroxide Oxidation
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4474001 A} 5(sulfamethoxazole, SMX)-& 9He] 2Jo} 2| 2.2 $13) AR} BZoll A o] Ag o] £ Amotul =A|2o) 4
FAA ot} o] F PR dEAY BARA BofjEA] gl S A of kmEE|o] HZe SEEAE oA Aot
H o Lof| A= dES|A SMXE E3l517] Y3l Cw/ALO; Zul| & o] 83 Zul| <52 I Ak catalytic wet peroxide oxidation,
CWPO) B4& a5t 2111, SMX S 23] Hallalr] gt 2140] &=, Zu) £912, TAHelA(H0)0] 55 5& 24}
koick 17181, 40 Coll Al H0, 0.79 mMk 6 g2] 10 wi% Cw/ALOs Z1| & A1-§-5}0] 205 o] Yjofl SMX 7} £H 5] B =)= 1o
2 WERIE 18y SMX = 9HA 8| 77138} B R Belar, S7HEAIE2] hydroylated-SMX, sulfanilic acid, 4-aminobenzenesulfinic
acid, nitrobenzene & 7|4 §714L0.2 2alEl 5 2 EH 0.2 |5k £|9ie). o5 E7H A Ee] AFS Felstol SMXe] &
o WS ARE olZelol B Huje] AL Fohi] 25tol 10 Wit CWALOs Zu) S AL AL slo]
SMX 3888 A3 91k, SMX©] B8-S 2012 58] 0|4 2} ALES19 S w] T ol AT Fo o] Sy m A
o o g Holgrt.

ZFHI0] 1 Slj5AAFEHCWPO), 10 wtYe Cu/ALOs, Ao ZALE, S =

Abstract : Sulfamethoxazole (SMX) is sulfaamide-based synthetic antibiotics, which are widely prescribed pharmaceutical
compound to treat bacterial infections in both human and animals. Most of them are not completely decomposed as refractory
substances. The environmental impact of pharmaceuticals as emerging contaminants has generated severe concerns. In this study,
catalytic wet peroxide oxidation (CWPO) of SMX was carried out with Cu/Al,O; catalyst and investigated the optimum reaction
conditions of temperature, dosage of catalyst and concentration of H,O, to completely decompose the SMX. It was observed that
SMX was completely decomposed within 20 min using 0.79 mM H,0, and 6 g Cu/ALOs catalyst at 1 atm and 40 C, but SMX
was not fully mineralized and converted to intermediates as hydroylated-SMX, sulfanilic acid, 4-aminobenzenesulfinic acid and
nitrobenzene. After that these are completely mineralized through organic acid. We proposed the decomposition reaction path ways
of SMX by analyzing the behavior of these intermediates. To investigate the durability of heterogeneous catalyst, decomposition
of SMX was observed by continuously recycling catalysts. When the heterogeneous catalyst of 10 wt% Cu/Al,O3; was continuously
reused 5 times, decomposition of SMX was a little lowered, but the activity of catalyst was overall very stable.
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A AR S AA o2 vjEE ARt v]Eke] oofaof
et AEES =4 o2 A2R ZAE 23] ol Tt
ojeFEd FolA sulfonamideA] YA -7 B3/l

oheket A= oAl HA 2 H
YAl 5 SMX+= At =4 59t At
= A 223 Y, 71HAY, A
glop ol ARgEIL 2 2F F okt Y 2
=74 % Ftoll mF mpF Q] Ao, =] A
s Aol B Al 5 shutolth4,5]. SMX+=
i EEE deA o, getdolets 24 5S4 A
=oH Aeofl= eHAZE Qo Fole vhFet AleAteks A
(advanced oxidation processes, AOPs)o]| gt A-17} P =]
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AOPs 74 59] st Zulj5A ek (CWPO) AF
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AAbA R E Z5h7] we] Ful Al AHEE A (catalytic wet
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ot B Hsea S AR AgTe R AL, A
ol Eafukgo] Qlojulr] o] ofux| g Hek AulshA
T Aol edBAe AT 4 vk FujgAlTr
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S o] Fej= A8l IrH9]

& AFolAs FAA F shurel RS SMX | AlAE
olato] B Zul2l 10 wt% Cw/ALO:E o] 83 Zufj44]
S

TASFE A S SFsto]l SMX7L 2h43] BejEs 27 o &
=, ZUFA, PSR FEE 2ASHAL, i
NA B RHEFEHAEA Y] AsS Tofete], oS

MPgOR 3 SMXS| HINSARE o= stelch

21. ez A SO0
A AMEH SMXE <& 98%2] Tokyo chemical industry

A}l A ZLS ARSI AL, 10 wt% Cw/ALO; Zmj9] ATLH =
Cu(NOs)2-3H,0 (Showa chemicalAl) ] R A= y-AlLO; (Alfa
AesarAl, 99.97%)E AHESFITE AtstAl = ARE-E ApAbSE
4= Duksan pure chemicalAl9] A& AME3}SL

10 Wt% CWALO; Z 1= Cu(NOs)-3H0 ALA| 2} y-ALO;
A A A E AE5to] ¢ H(Incipient Wetness Method) .2 A
Z3t9 k. WA Cu(NO3)'3H,0 842 y-ALOs <] pore
volume 0.72 cm’ g'l% ko] 2] 9] loading %o 10 wt%
7F A Cu(NO3)3H0 84 Wh= £ y-ALOsof| W=
S FJstAEA wHsAE v-ALO; Y] 71F1} ) ZuljA
Ro] w2 B 100 ol A 24417 AT AZAZT. o]
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2.3. ANBEM

QLA AT SMX A RO FERAS WA
AZotE T3 T (High Performance Liquid Chromatography,
YL9100 HPLO)Z A5t EAZALS Q’:}'@%(Gemini@
5 um C18 110 A 150 x 4.6 mm)& A3}, Laje 5%
Acetonitrile®} 95% AcetonitrileS AF2-311, 0.6 mL min™ 2]
S AR e, 2F 254 nm9] UV-vis H&72 4=
3}t Eujjo] EAE AL BET (ASAP-2020M, Micromeritics)
9} FE-SEM (JSM-7610F, JEOL)S A}83Fo] Zuj <] u]3HA
3 BUPAS BESAT SMX) SRR B4L LC-
ESUMS (SCIEX Qtrap 3200)S AFg-3fo] BA514Ic).
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Figure 1. Decomposition of SMX by CWPO at 1 atm and 40 C.
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Figure 2. Decomposition of SMX with change of H,O, concentration

at 1 atm, 20 C and 2 g 10 wt% Cuw/ALO; .
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Figure 3. Decomposition of SMX with change of 10 wt% Cu/ALOs
catalyst loading amount at 1 atm, 20 C and 0.197 mM H,0,.
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Figure 4. Decomposition of SMX with change of temperature at
1 atm, 2 g 10 wt% Cu/Al,Os3 and 0.197 mM H,0,.
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Figure 5. Effects of 10 wt% Cu/Al,Os catalysts and H>O; concentration on CWPO of SMX at 20

(¢) 0.790 mM H,0,.
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Figure 6. Effects of temperature and H,O, concentration on CWPO of SMX at 2 g 10 wt% Cu/ALOs; (a) 20 C, (b)40 C,(c) 80 C.
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Figure 7. Effects of 10 wt% Cu/ALO; catalysts loading amount and temperature on CWPO of SMX at 0.197 mM H>O»; (a) 2 g 10 wt%
Cu/ALOs, (b) 4 g 10 wt% Cu/ALOs, (¢) 6 g 10 wt% Cu/ALOs.
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Figure 6(a) ~ (c)i= 17]9tol A Zufje] 9} 2 go2 1%
AR F SEoh BAbskes SRS WMol A AR oo
t}. Figure 6(a)ol| 4] YHS-2% 20 CoAls TRAlE A0 B
7} F7Fetol = SMX O] EafleS Wetont, 40 TollA= At
o] Bul ZRRE SMXY Bebnst 45 5
7FsFAaL Wh-g-A1ZE 30401 0.79 mM 2 T—P‘@}*iﬂ AH-g-oll
A 93%9] =2 H38S E At} Figure 6(c)o A= HH2
80 CollA HAkSl429] F=7F 0.197 mM=E UH-r S A
of &= 305] 97%2] SMX E&&82 eIl 0.790 mM 2]
785 oll= WA 102 ool SMX7} 2h3] ZafiE= A
& oF % gtk ol W2t Zufol ofolup THAtal
o} 28 ohe AFEo] uls) SMXe] Hafe] 2 Aak)
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ehrizee eshE Zoje] EuolA SMXE w24 2ajet
Al HTh Figure 72 A4S 555 0.197 mM=Z 114
AlZ]aL 2ot Fulj o] oFS WSIA|Z|HAl SMX 9| Hafl&S
H|skgleh REE-25 40 CollA Fuljo ¢fo] F7Hdk5 SMX
o] Eollee F7IekaL, 4 g9 FiE ARSSHES W WEE-A
7k 30 o]fol] 99% e, 60+ olHoll A3 FallE=

Ao R et 259 Fulo] ofo] F71 S5 SMX 9] 2
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Sz HHO] WERAL L 40 T, BG40 L

0.197 mM, Zufe] F2 4 gQl A& ZALE T

oZLi

o] O
= T
s 2

——pH3
—&—pH S
—he—pH 7
—¥—pH9

c/e,

] 10 20 30 40 50 60
Time(min)

Figure 8. Effects of pH on CWPO of SMX at 1 atm, 40 C, 6 g 10
wt% Cu/ALO3 and 0.790 mM H,0s.
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L & 2polE Holx| ¢kekar 7ol Al BREAIZE 30T°ﬂ
SMX 9] &7} ehm = Ut whebs] pHO| ¥M3k= SMX 9] ¢+
At Fefolle & FFS vAA = e Aoz 2AESIT

3.3. 0o EMEA

Zujo] Y4 W Aol 87154 otrs] iatel 40 T,
10 wt% CwALO; =1 6 g, TASEA 55 0.790 mM 279
A Zuj2 AA1gohs o 5459 & 53] A5l chFigure 9).
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mj = BHAo] tha "ol H a1, SMX Q| HEaj&-& 3080] 90% =
Wotglth. SMX 9 Eafl&o] Hobxl eljls uhetsty] $iate]
SuE AR 58] AR o] SIS 245 skt
BET 242 3K(Table 1) A A8k -2 Sulj= AHg-oh7] A
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Figure 9. Decomposition of SMX by CWPO with continuously
recycling catalysts at 1 atm, 40 C, 6 g 10 wt% Cu/ALO;
and 0.790 mM H,O.

Table 1. BET analysis of fresh and 5 times used 10 wt% Cu/ALO3

catalysts
5 times used
Sample Fresh catalyst catalyst
BET surface area (m2 g'l) 73.69 72.38
Pore volume (cm3 g‘l) 0.39 0.42
Average pore diameter (nm) 31.04 33.03




Figure 10. SEM micrographs of 10 wt% Cu/ALOs catalyst; (a)
fresh catalyst (b) 5 times used catalyst.
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Table 2. Identified intermediates of sulfamethoxazole
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Figure 11. The change of decomposition intermediates of SMX by
CWPO at 1 atm, 40 C, 6 g 10 wt% Cu/Al,Os and 0.790
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V /C/L
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xgy / CHsy
Hydroxylated-SMX 9.38 279.2 123.1179.2 Ci1oH11N304S /©/ Sy oH
-aminobenzene 3.38 1582 123.1 CoHgNO,S o
sulfinic acid
V
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Figure 12. Reaction pathways of SMX by CWPO.

AAEZAS UJEFH Ao 2 SMXE 4-aminobenzenesulfinic acid,
sulfanilic acid 52| §-7|AF |2 Bej=l= A2 3ol & 4=
Ak 7oA aE RSP EZL Alam et al. [8]
I} Kim et al. [10]97 A3t} A8 A5t YA E
o] A%-S BAste] SMX2| Ha|A =S =5k Figure 12
of Yl 2ich Kim et al. [10]-> SMX 9] HH-7 2o A= 3]
=24 2rizo] SMXE B2 sl SMXe] 479 Th2 93]
B, v, 8, e)oll A Hxk(cleavage)o] doljtp= A SR KI5}
o) v & Ao A= 5] AAIE 47 F 2709 $IA(y
=a A, 5 =b Aeho|A Adto] dojub= AE I &
ALt

SMX+= 3| =EEA] gttjZbo] 9J3] Hydroylated-SMX o 2 # %}
EAttrt a Ak FEQl S-benzene A3 o] o] X HA] aniline
[10]2.2 ¥ & Nitrobenzene 0.2 H3]% T F7|3} == 714
T} b Aok FEQl SN Aglo] #o]A] 3-amino-5-methylisoxazol
4-aminobenzenesulfinic acidZ E3|5 F 3-amino-5-methylisoxazol

o o 7|AFS AA FFE F 7|3} T, 4-aminobenzenesulfinic
acid+= sulfanilic acid=2 E3j|% F FEF oz 7|3} 5= =
Mol g ARE s B & gk

4.7E

SMX ] iﬂﬁéﬂﬂﬁﬂé 500 mL 8-2] 524 w7
oA £3FAIL, 10 wi% CWALOsS Zul 2 AR5tk 100
mg L' 520 SMXE 17|90l A W2, S e, ot

et s HMIAA EddS skt 1=}
of Blsf ¥h-g-2=7F SMXE| &afjof 7 & FdFE vlA+=
Ao @ ZAFE|Q, 305 o|U) 99% o]Alo] SMXE E-a)A]7]

7] 5t A9 WhER AL 40 T, 10 wt% Cu/ALO; Z1f 4 g,
TAFSEEA 0.197 mMo|Qith 18] pHe] H 3ol W& SMX
o Balge pHY} WesE ZAstgoL 2 AjolS Mol
220l pHiz SMX©] 9de Hajol & QL Ay ek
Aom 2AET ZulS 53] AAEIIAL o] Svjo] A
otk Slof2) SMX} S421s] 2okl ok ooiel s
&= UEHSl=T, ol 53] ol SHiE AAREshd e
el Bl 2 wo] ko] tmelch SMXe] 8 571
AE=2-2 Hydroylated-SMX, sulfanilic acid, 4-aminobenzenesulfinic
acid, nitrobenzene, styrene©| Q1% ¢t} SMX+= Hydroylated-
SMX=Z AgH=]It}7} S-benzene ZAgto] Zo]A|HA] nitrobenzene
2 AA 713} FAL SN Zgto] Zo}A 4-aminobenzenesulfinic
acide 7] A sulfanilic acid=2 E3j¥ F F7|3t=E= T 714

RS RE s & 5 Aok

i)
gl

References

1. Seo, H. J, Park, Y. H., Kang, 1. S., Myoun, H. B., Song,
Y. S., and Kang,
of Pharmaceutical Compounds in Conventional Drinking Water
Treatment Process,” Anal. Sci. Technol., 29(3), 126-135
(2016).

Y. J., “Evaluation on the Removal Efficiency



300

A
A&

YEA - o5 -
Kim, S. D., Cho, J., Kim, L. S., Vanderford, B. J., and Snyder,
S. A., “Occurrence and Removal of Pharmaceuticals and
Endocrine Disruptors in South Korean Surface, Drinking, and
Waste Waters,” Water Res., 41, 1013-1021 (2007).
Ternes, T. A., “Occurrence of Drugs in German Sewage
Treatment Plants and Rivers,” Water Res., 32, 3245-3260
(1998).

Alexy, R., Kumpel, T., and Kummerer, K., “Assessment of
Degradation of 18 Antibiotics in the Closed Bottle Test,”
Chemosphere, 57, 505-512 (2004).

Zhang, H., Wang, Z., Li, R., Guo, J., Li, Y., Zhu, J., and
Xie, X., “TiO, Supported on Reed Straw Biochar as an
Adsorptive and Photocatalytic Composite for the Efficient
Degradation of Sulfamethoxazole in Aqueous Matices,” Che-
moshpere, 185, 351-360 (2017).

Rojas, D. 1., Acevedo, A. L., and Munoz F., “Study of Con-
tinuous Ozonation Using a Venture System of an Effluent

10.

Contaminated with Pharmaceuticals: Ibuprofen, Sodium Diclo-
fenac and Sulfamethoxazole,” J. Adv. Oxid. Technol., 18,
233-238 (2015).

Lester, Y., Avisar, D., and Mamane, H., “Photodegradation
of the Antibiotic Sulphamethoxazole in Water with UV/
H»0,,” Environ. Technol., 31, 175-183 (2010).

Trovo, A. G., Nogueira, R. F. P., Aguera, A., Fernandez-Alba,
A. R, Sirtori, C., and Malato, S., “Degradation of Sulfa-
methoxazole in water by solar photo-Fenton, Chemical and
Toxicological Evaluation,” Water Res., 43, 3922-3931 (2009).
Lee D.-K., Kim D.-S., and Kim S.-C., “Catalytic Wet Oxi-
dation of Reactive Dyes in Water,” Stud. Surf. Sci. Catal.,
133, 297 (2001).

Kim, H. Y., Kim, T.-H., Cha, S. M., and Yu, S., “Degradation
of Sulfamethoxazole by Ionizing Radiation: Identification and
Characterization of Radiolytic Products,” Chem. Eng. J., 313,
556-566 (2017).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


