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Effects of methanol and ethanol on biological phosphorus removal in sequencing batch reactor with single-stage
oxic process. DENG Ying', WANG Dong-bo', LI Xiao-ming" ", YANG Fan', YANG Qi', MO Chuang-rong, ZENG
Guang-ming (1.Key Laboratory of Environmental Biology and Pollution Control, College of Environmental Science and
Engineering, Hunan University, Changsha 410082, China; 2.College of Environmental, Guangxi University, Nanning
530004, China). China Environmental Science, 2011,31(8): 1268~1273

Abstract: The research carried out methanol(for SBR1%) and ethanol (for SBR2%) as the sole carbon source, and
investigated the effects of them on the efficiencies of biological phosphorus removal in the single-stage oxic process,
respectively. The results showed that the average phosphorus removal contents and its efficiencies respectively reached at
6.56 mg/L, 52.63% in SBR1” and 11.22mg/L, 90.34% in SBR2” during the steady-state operation. For a typical SBR cycle,
within aerobic period, the phosphate uptake rates could reach 1.62 and 5.31mgPO,’> ~P/(gVSS-h) in SBR1* and SBR2”,
respectively. In addition, the effluent phosphate concentration in SBR2* was below the detection limit. And the internal
storage compounds were higher in SBR2” than that in SBR1¥ during a cycle. The results suggested ethanol as a carbon
source seemed to be better for biological phosphorus removal in biological phosphorus removal system. During the idle
period, more phosphorus was found to be released in SBR2” than that in SBR1” as more poly-p was degraded, due to the
higher activity of PAOs in SBR2".

Key words: SBR; single-stage oxic process; biological phosphorus removal; ethanol; methanol
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Fig.3 Variations of PO,> —P/VSS, COD and sludge
glycogen as well as sludge PHA during

one cycle in SBR1*
Sk R uuEmk BE
3501 = 50 T 13
= H i iz |
s0f £%°  — B 118
1H 4.0 |—— PHA 112
—~ 250142 35] 1—— PO, -P/VSS {13 %
k=S| I—— COD 113 2
Eo00r 530 I {10 &
a & 25t ! 19 ¢
o | == I 8 =
O 150 Z20 i 17 9
; | lg -
100 % 151 Fo—ad 83
o B X 14 &
| «©2 1.0 [ A 13
012 o5t \\ e 12
= : l 1
oL< 0.0 b— . L L L 0
#7060 120 180 240 300 360 420 480
i ] (min)
K4 SBR2*IIEJH WK PO, ~P/VSS. COD. HiJ5 )it
PHA 1724k

Fig.4 Variations of PO,> —P/VSS, COD and sludge
glycogen as well as sludge PHA during
one cycle in SBR2*

H& 3. & 4 1] %1, SBR1*PY COD 7EME< T
UH 1Y) 60min Ji & A 4 AN AR [ il Tl 4N
172.6mg/L.h(EL PO, P it),SBR2*W 1] F§ COD



8

XS A FRER ZBENT SBR FRLLUFAEE VBRI IKE ma i 7T

1271

FEMESIT AR 30min i 56 A I FE 481, B4 Al 13
570mg/(L-h)(BL PO,* —P ). % LL AT 45,78 SBR Ht
PP BRI R G0, SRR L R B LS 4y
COD P&t (¥ [7] I 4 it i A= 42 4 P9 1Y) PHA FOBE It
L&

SBRI*ELFAEN 4h A IR P S R G 5
1.62mg/(g-h)(LL PO, —P i1);SBR2" Fh i 75 41 480 iy
3h PIRE IR 58, AL P fod % 5.3 1mg/(g-h)(LA
PO, P i),1M Puig Z"7E A/O T 20 DLW AE
S AN IRRJR I AT SN D O R B R B Ak T
30d 15 Ye 0 B I I A R 1.5mg/(g-h)( LA
PO, —P ), WML T 140d V5 Ve % 8 1O Wl Ky
7.0mg/(g-h)(BA PO, —P ) AT WA FT B 24 4 44,
T LA G AR 1 L PR S A0 T
SR BRI M RS A BRI
TR LF ) 2L TR TN T 1) R 6 .(81%~9 7 %) A1 24 1€,

RN RS DO BIRH%, AT It (R
PG, ILUL R E I B M T A0 T2 R4
B, SBRIPHT SBR2 45 W 2 (B Wl B 52, TR 1
WK 1.18mg/(g-h)(BL PO, —P HH)HI 2.04
mg/(g-h) (LA PO P it).

P TT 45, SBR2F P PR W ACRITRE i) B
SBR1" 2. 3% ,SBR2" [1) fig Y 40 % fits 47 et K T
SBRI*(SBRI*H1 SBR2"fif B4 5t S B 543 55 4y
1.896mmol/g,3.419mmol/g).

3 itit

WEETE TR DL 3 R A e AR
WAL ZETUE (B RSB T 2 AN ROV BRI
pH {EHEHITE 7.0~8.0 2[R, PR MEANAAAE AL 25T
B 2 TR0 155 0 AR A 25 A0 R B R s A e N A2 1k
R 72, LA COD 512 E W3t L ok 200:1 TF,
TR HFERE 1.5mg/L AiA7 A7 H i gk /K ik
B 29 13mg/L, 12 4% 9 k) 1 47 b BE, 96 K &y
11.5mg/L ¥k LA SRR IR B X A7 A, P LA W g a2
LSRR 110 T 2 A SRl T A P4 A7

ARSI T B AT S5 AR ), F RN & B 3t 7K Rl
JCE P EAMANEE (LI 15mmol/L), (BRI 2=
VIESIEEN

DA AR A R, £ B 28 A AT PR 4l A2

75 1 it S (MDH/ADH) [/ F O B2 N &R
T WAL O I, B ALy 2 ) ot ) A
N R A RN, R0 Sl 1 T S PR 4
(MLDH/ALDH)# 44 H IR M LR, 2 Ja Wi+ &

B S AL R S BEAr I AL BAR QA etz 12
WK .
i LR
VA V cmn
I LR
b s | cman
FEp LB LB LR
\ /
LAl A

Bk

LIEBAEIA
NADH FADH2 L——»

PHA
YEFF IR e

IR B
TAEEAE
ar 44

K5 AR ORI E
Fig.5 The sketch of methanol and ethanol metabolic
pathway

Abu-ghararah 25T 3 A [R5 140
(1) VFA INNAT A AN [F) B B il R R SL A R e T
B D5 00 DA R S AT LR 1) 4y Y R A ik
TN B Bt R g5 [ T DRAAURE ol A i S W
(R3PS R AN B ARL T 21— B DA #R 4 A
Ay o L A PR AR PR B ol e U S . PR I 2 B AL hy
R, LAY Ry TR 3 0] LA — T THI AR I
B B A5 R AN T SE ) T BRL AT 22 T AT FE R 2 5 |
JEC R B R Wl (1) /D i AT gk — 2D TR

7 T EH 2.2 BTk ) 0, SBR2" rp i 1 e I
W RIS 4 i i SBR27 1 PAO 4 B %6 i AR
T FEE e o) ke P IR SR 2 T U L TR R 2
B K 2 PAO EKIFE AL T
SBR I {1t Wi WAL FITRE 18 #5258 /N ,COD W i 0 46
fiX,PAO X FHE A WSO HEAR, AT PAO AR5 2%
P 38K D AN e 1 T 4R v Ve I HEBR O 2 4 1)
o Bl AR (R IS AR 5 A P R B 58 ) B
AW PHA AURE IR & &0 2 BT 1 A



1272 o @® O

BOR ¥

31 %

P 300 7 A 1) i e 2 B T PR S (R A7 1T
A8 TG T £ 2 B3 A D, 0 D SRl 25 R IT 5 1
RE & 2 PHA FOBE J5 58 N IR it Xt 15
SCHR[15)F 97— B.SBRIF B 1R £ 19 4 T
EAY, Sy YR BT, AT SBR I FRIHE 50 A1 PHA 147
EX/NT SBR2Y, 3 Py R 0], SBR 1 5 15 Al
T () g B AN 0 SBR2™ 4.1 Maurer 252485
TSR0 A5 152 2 ] R ¥ ATP (1 BR L A5
J% 1mol SEWEH 2 1.2mol ATP,Ifij SBR2 T {Jk [ fi#t
75 ATP (R B9 T I T SBR1P, AT AE
73 LA LE A U TR 0T B 22 1 i i T R
T, T SEE I T R D e 25 B S AN /N AL H T LEAE
T HEER SEEYIAL T 1R PAO (1 %5, DAL T
SEE AU A YR T 2.

[ (V5K ei & HEBOhRUE ) B — 2 bt
S Bl Pk B R RE R 0.5mgy/L, Yo Tl 1) B2 SR A
2 TR T AS S50 TP PR HE KR B2 (2 12.8mg/L)
bt A 95 7K Fp i R I 5 3 KPP (5~7.5mg/L),
DL 2T A R 1) 52 7 25 T 14D S K P8 S A T
Ao HH .

et 25 BRI ST L L 2R T
FR55E VEAs A R BRIR 1 22, i AR AR
FOFGR D AT, DL EE . LREAE R iR
EEY i SBR ML UF 4 A= W bRl & S b i i)
B imy 2.2 Frid L LB VEAs AH4,[A)
I 7E 25 FEAEAMIMBRIE I B2 LG VFAs ik HLS)
ARAT AE TF EBOIN A D0 5 5 Ak L R
10 R 7K I, BT DA e LA g 2 B ol ) — b i
W Ty 1 Fe B, AT LA B L REAE 2 (1) R K $2
PEAE IR BLIR 1R

4 ZEig
4.1 SBR HZ U4 T 2 A8 UL EE RN 8 K BT

I A e 220878 69d (13547, SBR1

342 Bk 6.56mg/L, -3 2B 52.63%

SBR2" i 1) 1 4 22 14 & 11.22mg/L, 22 [ % K
90.34%.

4.2 SBRI"HI SBR2" P “J-342: [ 43 il 4y
1.62mg/(g-h)F1 5.31mg/(g-h)(L PO, P i1).525%
ZEILR W], SBR T4 bR R G DL L

A DA BT, SR A VRN B RS SOR P 5 e LRI 1
SBR P2 LA R T2 b B T AR B .

e

[1] Canizares P, de Lucas A, Rodriguez L, et al. Anaerobic uptake of
different organic substrates by enhanced biological phosphorus
removal sludge [J]. Environmental Technology, 2000,21:397-405.

[2] Oehmen A, Lemos P C, Carvalho G, et al. Advances in enhanced
biological phosphorus removal: From micro to macro scale [J].
Water Res., 2007,41(11):2271-2300.

[3] Ranchll A A, Liu Y. Polyhydroxyalkanoates form potentially a
key aspect of aerobic phosphorus uptake in enhanced biological
phosphorus removal [J]. Water Res., 2002,36:3473-3478.

[4] Hollender J, van der Krol D, Kornberger L, et al. Effect of
different carbon sources on the enhanced biological phosphorus
removal in a sequencing batch reactor [J]. World Journal of
Microbiology and Biotechnology, 2002,18:355-360.

[5] Chen Y, Randall A A, McCue T. The efficiency of enhanced
biological phosphorus removal from real wastewater affected by
different ratios of acetic to propionic acid [J]. Water Res., 2004,
38:27-36.

[6] Yagci N, Cokgor E U, Artan N, et al. The effect of substrate on
the composition of polyhrdroxyalkanoates in enhanced biological
phosphorus removal [J]. J. Chem. Technol. Biotechnol., 2007,82:
295-303.

[71 Lemos P C, Viana C, Salgueiro E N, et al. Effect of carbon source
on the formation of polyhydroxyalkanoates (PHA) by a
phosphate-accumulating mixed culture [J]. Enzyme Microbiol.
Technol., 1998, 22:622-671.

[8] AT RV R AL A SRR e IR e A X niR Al 1 M KR
MBI [J]. FEERE, 2006, 27(6):1103-1106.

[9] Hrenovic J, Orhan Y, Buyukgungor H. Characterization of
enhanced biological phosphorus release and removal by activated
sludge [J]. Acta Chimica Slovenica, 2003, 50(4): 697-714.

[10] Puig S, Corominas LI, Balaguer M D, et al. Biological nutrient

removal by applying SBR technology in small wastewater

treatment plants: carbon source and C/N/P ratio effects [J]. Water

Sci. Technol., 2007,55(7):135-141.

[11] Puig S, Coma M, Monclus H, et al. Selection between alcohol and

volatile fatty as external carbon source for EBPR [J]. Water Res.,

2008,42:557-566.

[12] Wang D, Li X, Yang Q, et al. Biological phosphorus removal in

sequencing batch reactor with single-stage oxic process[J].

Bioresour. Technol., 2008,99:5466-5473.

T, AU AN LA PH {E SBROTHES S N 25%) B 448

AEDBRBERIZI [J]. T EFREERNE, 2010,30(3):333-38.

[14] BRJ6T5 ML 56 56 AW S R G0 Jo R SR B R AR P B

[13]



8 X5

AT WA LI SBRFAZ I S8 AL DI BR B 1A 52 W 5

1273

BT 2 [J]. FREER2Z244R, 2008,28(9):1800-1805.

[15] EAULA/NN BLAF IR SBR A A L2 iAy
T RE D 5 S LR (], T ERFE B 4, 2009,39(6):
560-568.

[16] Smolders, GJ.F., van der Meij, J., van Loosdrecht, M. C. M.,
Heijnen, J. J. Stoichiometric model of the aerobic metabolism of
the biological phosphorus removal process [J]. Biotech. Bioeng.,
1994b, 44:837-848.

[17] BB R CRMP KM I775) i 2z AKRIEK
WA (M. 4 B AR P RIS AL, 1989.

[18] Herbert D, Philipps P J, Strange R E. Methods enzymol [J].
1971,5B:265-277.

[19] Takabatake H, Satoh H, Mino T, et al. PHA
(polyhydroxyaikanoate) production potential of activated sludge
treating wastewater [J]. Wat. Sci. Tech., 2002,45:119-126.

[20] Oehmen A, Keller-Lehmann B, Zeng R J, et al. Optimisation of

poly-B-hydroxyalkanoate analysis using gas chromatography for

enhanced biological phosphorus removal
Chromatography A, 2005,1070:131-136.
[21] BLBEEEKER, AR 5T T M) Jest: T E
T HRAL, 2005.
EHCE RPN KL M) Jbat s S BE AL,
2002.
Abu-ghararah Z H, Randall C W. The effect of organic

systems [J]. J

[22]

[23]
compounds on biological removal [J]. Weter Sci. and Technol.,
1991,23:585-594.

[24] Maurer M, Gujer W, Hany R, Bachmann S. Intracellular carbon

flow in phosphorus accumulating organisms from activated

sludge systems [J]. Water Res., 1997,31(4):907-917.
[25] GB8978-1996 V5/KZi&HEMbRAE [S].

TEBBIN: W 22(1986-), L, W 6 BH W FE KRB R 5 T
FRF BT 7T AF, 32 BT 7 1) R KT G A B R 4.

R &S A LB PR T G 2

N T PR SARAZ A B RS BRI 52 2 R 1A AR H b o A B B 4 IR AR 1 L b AR e 2" C K
b ARARAR R R, ZE S AR TR KT CO, IR HI4E 450ppm DA R, IXERAT 2 A EHIAG AT
WRORHRIE (K HE T S A1k, BRI e V25 R R o ) Wb i8R HETRCIR) 55 0 W AR 22, L T HE TR PR 38 I e RIS 42 B 451 362 T

“RERAE” BEB TSI Z2 18 Davis SE A KR SCERIE T 1 ASHI LA, BRI A ORI LA 22 A ) PR Y.

FERAK 50 SEN,WUERDUA CO, HEIRCBE A 175 iy I H A sk, HLBCAT BiK) CO, HEIC & 38 I kil A 4 Ak

CO, IR FE/K-F AN A BRP I BER 23 IEAE 7 25 SR XA G DL N, A BP9 S L TP AR T K 1.3°C(1.1~1.4

C), MK CO,p B2 7E<430ppm [I7K 248K A AT IASEEAS KA, IX A B 3 14

“ﬁﬁﬂ—% ” ,r%%jf':/f\uj%:‘;,jzg‘m

IrBNZR e BISEBL “B b 17, SRAEANE L 2°C IR BRAR.
1 NN Davis 25 AT FLFFCHRBONIRAO N S T8, s FRATIFARARAE 1 A IE A B AR (K47 2, 2SI

X HFRIE T BRI R85 5% ) 28451 i, Pacala Fll Socolow 7304 1 AR K 50 4 KA CO, WREFEAE
500ppm [R1F 5 AT A DL EE S IIK — H ARt 22 7 BELAT BRI AL 1, P AR e 8 5 i 19 2400, LU R Rk 7 240
R HEBCR(BUEHEBCR )5 SORR RFE R TG T ARKHSE I i ETETEAR).7 FRIBIE, SR T 2 2054
¥ 25Gt CO, FIRAER, EA T IE AR BEIARK 50 SE 2 “fifek” I URAR PR,

S5 1 H (Science) ,September 10:1292-1293(2010)




<<
  /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


