
Comprehensive Theory  

with Solved Examples and Practice Questions

Environmental Engg : Vol-II
(Sewage Disposal & Air Pollution Engineering)

Civil Engineering

Publications



MADE EASY Publications

Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro Station), New Delhi-110016
E-mail: infomep@madeeasy.in
Contact: 011-45124660, 8860378007

Visit us at: www.madeeasypublications.org

Environmental Engineering : Vol-II (Sewage Disposal & Air Pollution Engineering)
© Copyright by MADE EASY Publications.
All rights are reserved. No part of this publication may be reproduced, stored in or introduced 
into a retrieval system, or transmitted in any form or by any means (electronic, mechanical, 
photo-copying, recording or otherwise), without the prior written permission of the above 
mentioned publisher of this book.

Edition: 2020

© All rights  reserved by MADE EASY PUBLICATIONS. No part of this book may be reproduced or utilized in any form without the 
written permission from the publisher.

Publications



Chapter 1
Waste Water Characteristics ................... 1
1.1 Characteristics of Sewage ....................................................... 2

 1.1.1 Physical Characteristics of Sewage 

  and their Testing ........................................................... 2

 1.1.2 Chemical Characteristic ............................................. 3

1.2 Population Equivalent ............................................................10

1.3 Relative Stability .......................................................................12

1.4 Ratios   ..........................................................................................13

 1.4.1 BOD/COD Ratio ...........................................................13

 1.4.2 COD/TOC Ratio ............................................................13

  Objective Brain Teasers ..............................................18

Chapter 2
Biochemical Reactions in Treatment 
of Waste Water .................................................23
2.1 Biochemical Reactions ...........................................................23

2.2 Biological Growth.....................................................................24

2.3 Decomposition of Sewage ...................................................26

 2.3.1 Aerobic Decomposition ...........................................26

 2.3.2 Anaerobic Decomposition ......................................26

2.4 Various Types of Bacteria .......................................................31

 Objective Brain Teasers ............................................................32

Chapter 3
Disposing of the Sewage Effluents .......33
3.1 Disposal by Dilution ................................................................33

 3.1.1 Condition Favouring Disposal by Dilution ........33

 3.1.2 Standards of Dilution for Discharge of 

Wastewaters into Rivers ...........................................33

3.2 Dilution in Rivers and Self Purification of

 Natural Streams ........................................................................34

 3.2.1 Dilution and Dispersion ...........................................35

 3.2.2 Sedimentation .............................................................37

 3.2.3 Sunlight .........................................................................37

 3.2.4 Oxidation .......................................................................37

 3.2.5 Reduction ......................................................................37

3.3 Various Factors on which Natural Forces of 

 Purification Depends ..............................................................37

 3.3.1 Temperature .................................................................37

 3.3.2 Turbulence ....................................................................37

3.4 Zone of Pollution in River Stream ......................................38

3.5 Indices of Self Purification .....................................................39

3.6 Oxygen Deficit of a Polluted River Stream ......................40

 3.6.1 Reaeration .....................................................................40

 3.6.2 Rate of Oxygen Removed .......................................40

 3.6.3 The Oxygen Sag Curve .............................................41

3.7 Disposal of Waste Waters in Lakes and 

 Management of Lake Water .................................................46

3.8 Stratification of Lakes .............................................................46

3.9 Biological Zones in Lakes ......................................................46

3.10 Productivity of Lake ................................................................47

3.11 Disposal of Waste Water in Sea Water ...............................48

 Objective Brain Teasers ............................................................56

Chapter 4
Design of Sewerage System 
and Sewer Appurtenances ....................60
4.1 Difference in the Design of 

 Water Supply Pipes and Sewer Pipes ................................60

4.2 Sewer Materials .........................................................................61

4.3 Laying of Sewer Pipes .............................................................67

 4.3.1 Marking of the Alignment.......................................67

 4.3.2 Excavation of Trench .................................................68

 4.3.3 Bracing of the Trench ................................................68

 4.3.4 Dewatering of Trench ...............................................68

(iii)

Environmental Engg : Vol-II
(Sewage Disposal & Air Pollution Engineering)

Contents



 4.3.5 Laying of Pipes ............................................................68

 4.3.6 Testing of the Sewer Pipes ......................................69

4.4 Types of Collection System ...................................................69

 4.4.1 Sanitary Sewer.............................................................69

 4.4.2 Storm Sewer .................................................................70

 4.4.3 Combined Sewer System ........................................71

4.5 Assumptions in Sewer Design .............................................72

4.6 Design Data ................................................................................73

4.7 Maximum Velocity ...................................................................74

4.8 Equal Degree of Self cleansing ............................................78

 4.8.1 Shield’s Expression for Self-cleansing Velocity ..... 78

4.9 Egg Shaped Sewer ...................................................................80

4.10 Storm Water Drainage ............................................................81

 4.10.1 Computing the Peak Drainage 

  Discharge by the Use of Rational Formula ........81

 4.10.2 Rational Formula ........................................................83

4.11 Sewer Appurtenances ............................................................85

 4.11.1 Manholes .......................................................................85

 4.11.2 Drop Manhole .............................................................86

 4.11.3 Lamp Holes ...................................................................87

 4.11.4 Clean-Outs ....................................................................87

 4.11.5 Street Inlets or Gullies ...............................................88

 4.11.6 Catch Basins or Catch Pits .......................................88

 4.11.7 Flushing Tanks .............................................................89

 4.11.8 Grease and Oil Traps ..................................................89

 4.11.9 Inverted Siphons ........................................................90

 4.11.10 Storm Water Regulators or 

  Storm Relief Works .....................................................92

4.12 Shape of Sewer Pipes..............................................................94

4.13 Corrosion of Concrete Sewers 

 Due to Biological Reaction ...................................................95

4.14 Methods of Ventilation ...........................................................96

4.15 Maintenance of Sewer ............................................................96

4.16 Cleaning of Sewers ..................................................................96

 4.16.1 Precautions to be Taken While Entering Sewers . 97

  Objective Brain Teasers ........................................... 104

Chapter 5
Treatment of Sewage ..........................110
5.1 Treatment Methods............................................................. 110

 5.1.1 Unit Operations ..................................................... 110

 5.1.2 Unit Process ............................................................ 110

5.2 Primary Treatments ............................................................. 115

 5.2.1 Screening ................................................................ 119

 5.2.2 Comminutors ......................................................... 121

 5.2.3 Disposal of Screenings ....................................... 122

 5.2.4 Grit Removal Basins ............................................. 123

 5.2.5 Design Criteria ....................................................... 123

 5.2.7 Grit Chambers or Grit Channels ...................... 128

 5.2.8 Detritus Tanks ........................................................ 132

 5.2.9 Tanks for Removing Oils and Grease ............. 132

 5.2.10 Sedimentation ....................................................... 134

 5.2.11 Types of Settling ................................................... 135

5.3 Secondary Treatment of Sewage ................................... 137

 5.3.1 Secondary Treatment Through 

  Biological Filtration of Sewage ........................ 137

 5.3.2 Contact Beds for Biological

  Filtration of Sewage ............................................. 138

 5.3.3 Intermittent Sand Filters for 

  Biological Filtration of Sewage ........................ 139

 5.3.4 Trickling Filters for Biological 

  Filtration of Sewage : 

  (Attached Growth System) ................................ 139

5.4 Secondary Sedimentation ................................................ 149

 5.4.1 Secondary Settling Tanks or Humus Tanks .. 149

5.5 Digestion and Disposal of Primary 

 and Secondary Sludge ....................................................... 151

 5.5.1 Sludge Sources, Characteristics

  and Quantities ....................................................... 151

 5.5.2 Sludge Treatment Processes ............................. 151

 5.5.3 Constituents ........................................................... 153

 5.5.4 Sludge Digestion Process .................................. 155

 5.5.5 Stages of the Sludge Digestion Process ....... 157

 5.5.6 Factors affecting Sludge Digestion 

  and their Control .................................................. 158

5.6 Sludge Digestion Tank or Digesters 

 (Aerobic Suspended Culture) .......................................... 160

 5.6.1 Constructional Details ........................................ 160

 5.6.2 Design Consideration ......................................... 160

 5.6.3 High Rate Digesters ............................................. 161

 5.6.4 Two Stage Sludge Digesters ............................. 162

5.7 Dewatering Disposal of Digested Sludge ................... 165

 5.7.1 Objective and Process Selection ..................... 165

 5.7.2 Disposal of Dewatered Sludge ........................ 167

(iv)



5.8 Secondary Treatment Through Activated 

 Sludge Process (Aerobic Suspended Culture) ........... 170

 5.8.1 Various operations and Units of 

  an Activated Sludge Plant ................................. 170

 5.8.2 Secondary Sedimentation Tank of 

  an Activated Sludge Plant ................................. 174

 5.8.3 Sludge Thickner and Sludge Digestion 

  Tank of an Active Sludge Plant ........................ 176

 5.8.4 Bulking and Foaming Sludge in 

  an Activated Sludge Treatment Plant ........... 178

 5.8.5 Sludge Stabilization ............................................. 179

 5.8.6 Chlorine Stabilization .......................................... 180

 5.8.7 Design Consideration Involved in an 

  Activated Sludge Plant ....................................... 180

 5.8.8 Modification of the Basic Activated 

  Sludge Process....................................................... 186

 5.8.9 Advantages Offered by an Activated 

  Sludge Plant ........................................................... 190

 5.8.10 Disadvantages Offered by an 

  Activated Sludge Plant ....................................... 191

5.9 Secondary Treatment Through Rotating 

 Biological Contactors .......................................................... 193

5.10 Oxidation Ditches or Extended Aeration Lagoons .. 194

 5.10.1 Continuous Flow Type ........................................ 195

 5.10.2 Intermittent Flow Type ....................................... 195

 5.10.3 Reaction Kinetics .................................................. 195

5.11 Aerobic Stabilizaton Units ................................................ 197

 5.11.1 Oxidation Ponds and Stabilization Ponds ... 197

 5.11.2 Design Parameter for Oxidation Pond .......... 198

 5.11.3 Use of Lagoons for Disposal of Raw Sludge .....202

 5.11.4 Aerated Lagoons................................................... 203

5.12 Anaerobic Stabilisation Units .......................................... 204

 5.12.1 Anaerobic and Facultative 

  Stabilisation Ponds .............................................. 204

 5.12.2 Septic Tanks ............................................................ 204

 5.12.3 Imhoff Tank ............................................................. 212

 5.12.4 High Rate Anaerobic Systems .......................... 213

   Objective Brain Teasers ........................................ 234

Chapter 6
Solid Waste Management ...................250
6.1 Types of Solid Wastes ........................................................... 250

 6.1.1 Municipal Solid Wastes ....................................... 250

 6.1.2 Industrial Wastes ................................................... 251

 6.1.3 Municipal Solid Waste Composition 

   and Quality of Generated 

   Municipal Solid Wastes ....................................... 252

6.2 Functional Elements of Solid Waste Management ... 253

 6.2.1 Factors  affecting Generation Rates ............... 254

 6.2.2 On-site Handling, Storage and Processing .. 254

 6.2.3 Collection of Solid Wastes ................................. 255

 6.2.4 Transfer and Transport ........................................ 257

 6.2.5 Processing Techniques ....................................... 257

6.3 Disposal of Municipal Solid Wastes (MSW) .................. 258

 6.3.1 Disposal of Refuse by Open Dumping .......... 259

 6.3.2 Disposal of Refuse by Land Filling .................. 259

 6.3.3 Disposal of Refuse by Shredding 

   and Pulverisation .................................................. 267

 6.3.4 Disposal of Refuse by Composting ................ 268

 6.3.5 Disposal of Refuse by Incineration 

   and Thermal Pyrolysis ......................................... 271

 6.3.6 Disposal of Refuse by Barging it 

   out into the Sea ..................................................... 273

6.4 Storage, Transportation and 

 Disposal of Industrial Solid Wastes ................................. 273

 Objective Brain Teasers ......................................................... 275

Chapter 7
Air Pollution .........................................277
7.1 Source and Classification of Air Pollutants .................. 277

 7.1.1 Air Contaminants .................................................... 278

 7.1.2 Natural Contaminants ........................................... 278

7.2 Gases   ....................................................................................... 280

7.3 Primary and Secondary Air Pollutants ........................... 281

7.4 Effects of Air Pollution ......................................................... 282

 7.4.1 Effects of Air Pollution on Human Health ....... 282

 7.4.2 Effects of Air Pollution on Plants ........................ 283

 7.4.3 Effects of Air-pollutants on 

  Live Stock Animals .................................................. 283

 7.4.4 Effects of Air Pollutant on Materials 

  and Services .............................................................. 284

 7.4.5 Effects of Air Pollutant on Aquatic Life ............ 284

 7.4.6 Effects of Air Pollutant on Global 

  and Regional Environment .................................. 284

(v)



7.5 Photochemical Air Pollution ............................................. 284

 7.5.1 Nitrogen Dioxide Photochemical Reaction  .. 284

 7.5.2 Sulphur Dioxide Photochemical Reaction ..... 285

 7.5.3 Aldehyde Photochemical Reaction .................. 285

7.6 Photochemical Smog .......................................................... 285

7.7 Composition and Structure of the Atmosphere ........ 286

7.8 Acid Rain................................................................................... 286

7.9 Global Warming ..................................................................... 287

7.10 Ozone Layer Depletion ....................................................... 288

7.11 Meteorology and Natural Purification Process ........... 289

7.12 Elemental Properties of the Atmosphere ..................... 289

7.13 Control of Air Pollution ....................................................... 291

 7.13.1 Natural Self Cleansing Properties of 

  the Environment ...................................................... 291

 7.13.2 Engineered System ................................................. 292

7.14 Control Devices for Particulates ....................................... 292

7.15 Control Devices for Gaseous Pollutants ........................ 301

 7.15.1 Adsorption Unit ....................................................... 301

 7.15.2 Absorption Units ..................................................... 302

 7.15.3 Condensation Units ................................................ 305

 7.15.4 Combustion Unit ..................................................... 305

7.16 Automotive Emission Control........................................... 308

7.17 Dispersion of Air Pollutants into the Atmosphere .... 308

7.18 Negative Lapse Rate and Inversion ................................ 310

 7.18.1 Radiation Inversion ................................................. 311

 7.18.2 Subsidence Inversion ............................................. 311

7.19 Impact of Winds on Dispersion of Pollutants .............. 311

7.20 Plume Behaviour ................................................................... 312

7.21 Design of Stack Height ........................................................ 315

 Objective Brain Teasers ......................................................... 319

Chapter 8
Noise Pollution ....................................328
8.1 The Effects of Noise .............................................................. 328

 8.1.1 Noise induced Annoyance  .................................. 328

 8.1.2 Noise induced Disease .......................................... 328

 8.1.3 Sleeplessness ............................................................ 328

 8.1.4 Communication Interference ............................. 328

 8.1.5 Noise induced Hearing Loss ................................ 329

 8.1.6 Effect of Noise on Wildlife .................................... 329

8.2 Characteristics of Sound and its Measurement ......... 329

 8.2.1 Levels of Noise.......................................................... 330

 8.2.2 Sound Intensity Level ............................................ 331

 8.2.3 Octave Band Analysis ............................................ 332

 8.2.4 Averaging Sound Pressure Levels ..................... 332

8.3 Noise Rating Systems .......................................................... 333

 8.3.1 The LN Concept ....................................................... 333

 8.3.2 The Leq Concept ..................................................... 333

8.4 Sources of Noise and Their Noise Levels ....................... 334

 8.4.1 Traffic Noise ............................................................... 334

 8.4.2 Industrial Noise ........................................................ 334

 8.4.3 Noise Produced by Other Sources .................... 334

8.5 Noise Abatement and Control ......................................... 335

 Objective Brain Teasers ......................................................... 336

Chapter 9
Ventilation of Buildings for 
Controlling Indoor Air Pollution .........339
9.1 Effects of Occupancy of a Space ...................................... 339

9.2 Purpose of Ventilation ......................................................... 340

9.3 Systems of Ventilation ......................................................... 340

 9.3.1 Natural Ventilation .................................................. 340

 9.3.2 Mechanical Ventilation .......................................... 341

9.4 Functions and Types of Traps being 

 Used in Sanitary Plumbing System ................................. 345

9.5 System of Plumbing ............................................................. 347

 9.5.1 Two Pipe System ...................................................... 347

 9.5.2 One Pipe System...................................................... 348

 9.5.3 Single Stack System ................................................ 349

 9.5.4 Partially Ventilated Single Stack or 

  Single Pipe System.................................................. 349

9.6 Sanitary Fitting and Other Accessories ......................... 351

 9.6.1 Water Closets (W.C). ............................................... 351

 9.6.2 Urinals ......................................................................... 352

 9.6.3 A Flushing Cistern ................................................... 352

9.7 Ventilation of House Drains ............................................... 352

9.8 Antisiphonage Pipes ............................................................ 352

 Objective Brain Teasers ......................................................... 353

nnnn

(vi)















<<
  /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




