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Introduction
Municipal Wastewater Effluent (MWE), contains levels of 

nutrients that can support dense growth of aquatic vegetation.  If 
discharged, this growth can clog natural waterways, outcompete 
native plants and create a safe haven for mosquitoes.  Moreover,
the eventual death of this vegetation leads to oxygen depletion 
and resultant fish kills. 

Constructed wetlands can be used to lower levels of residual 
contaminants and nutrients in water, while biogasification of 
vegetation harvested from the wetlands can generate useable 
energy and thereby enhance their cost effectiveness.  

Currently, the most technically feasible procedure for 
extracting usable energy from the biomass is anaerobic digestion, 
which produces methane-rich biogas that can offset fossil fuel 
consumption. Deployment of this type of integrated nutrient 
removal/bioenergy system would recycle carbon and nitrogen, 
support local food production, and reduce the demand for fossil 
fuels.  
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Conclusions and Future Prospects
• The CAS displayed a high efficiency of nitrate removal relative to 

similar systems in California 
• Denitrification  plays the dominant role in removing nitrate
• Harvested biomass is a good feedstock for anaerobic digestion
• The CAS could potentially be applied for removing endocrine-

disrupting compounds from water
• We are currently assessing the impact of harvest frequency on 

the efficiency of nitrate and phosphate removal

Materials and methods
Two gravity-flow 37 m2 Channelized Aquatic Scrubbers (CAS) were 
constructed at the City of Santa Rosa Laguna Treatment Plant, 
each composed of three channels ranging in depth from 15 to 50 
cm and stocked with native floating aquatic plants and algae 
common in the Laguna de Santa Rosa.

Anaerobic digestion
Biomass mixtures are 
anaerobically digested at 
35°C and gas production 
monitored by water 
displacement. 

Channelized Aquatic Scrubbers (CAS)

Aquatic Vegetation, includes algae (Oedogonium and 
Hydrodictyon) and plants (Hydrocotyle, Lemna, Azolla)

Results
• Initial operation of the CAS on tertiary-treated MWE inflow demonstrated an ability to maintain N-nitrate 

levels below the regulatory limit of 10 mg ml-1 (Fig. 1)
• The CAS removed 1.0 ± 0.5 g N m-2 d-1 (mean ± SD) over a 12-month period (Fig. 2);  nitrate removal 

efficiency is independent of vegetation type
• N assimilated by harvested biomass accounted for 31.0 ± 7.4% (mean ± SD) of this nitrate removal
• Net productivity of the CAS averaged from 1.3 to 13.7 g dry weight m-2 d-1

• Bioassays demonstrated that the CAS substantially decreased levels of estrogen-mimicking compounds in 
the water (unpublished results)

• Anaerobic digestion of harvested biomass at 35 °C in the laboratory yielded 145 ± 22 ml biogas g -1 dry 
weight (mean ± SE); co-digesting with a mix of wine lees and hydraulically flushed dairy manure solids 
enhances biogas production on a per weight basis

Figure 1: nitrate removal by CAS fed with 
tertiary-treated MWE

Figure 2: nitrate removal  efficiency by CAS fed 
with secondary-treated MWE

Project Expansion
Two 5.7 m3 digesters, recently built on the treatment plant 
grounds, will be fed with varying proportions of CAS-harvested 
vegetation, Ludwigia from the Laguna, and agricultural wastes.  
The digested material will be utilized as a soil amendment for an 
on-site garden.

Digester system  under 
construction 

CAS (bottom) and 
garden (center)



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


