FLUORO-SORB® - OPTIONS FOR TREATMENT OF PFAS COMPOUNDS

BACKGROUND

CETCO®, a 35 year pioneer in the remediation product development has created FLUORO-SORB® to support the
global per- and polyfluoroalkyl substances (PFAS) remediation initiatives. FLUORO-SORB® is a proprietary product
specifically designed for the adsorption of PFAS compounds.
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PFOA - perfluorooctanoic acid PFOS - perfluorooctanesulfonic acid

Treatment Options

Several technologies are being marketed for the treatment of PFAS. However, varying degrees of success have been
demonstrated in the field. Many variables affect the performance of the treatment technology. Listed below are
several leading modes of PFAS remediation.
* Filtration: GAC, PAC, Biochar, Other Minerals (Zeolite, Gibbsite, Kaolin), anion-exchange media, Fe containing
compounds, coagulants and flocculants.
e Mechanical Separation: Reverse osmosis, Nano-filtration.
* Destructive Technologies: Ozone, Oxidation, Biodegradation.

FLUORO-SORB® Treatment Applications

Surface Water Treatment - FLUORO-SORB® can be deployed through a variety of different treatment processes for
surface water treatment including: pump and treat vessels, booms, and sediment capping systems.

Groundwater Treatment - Hydrogeology combined with challenging drinking water purity targets provide for a complex
set of problems for PFAS remediation. FLUORO-SORB® can be used in multiple levels of treatment to restore drinking
water specified levels for safe consumption. The best methods for this are still being determined, however either passive
treatment methods such as Permeable Reactive Barriers (PRB) or distribution point filtration are envisioned.

Soil Treatment - In-situ stabilization (ISS) using FLUORO-SORB® was first demonstrated by Storch (2017) prior to the
commercial release of the product. Storch’s bench top laboratory study compared control samples with and without
cement and investigated the adsorption performance between an AIOH/Carbon blend and FLUORO-SORB®. Storch’s
results are summarized in Table 1 where mix designs include cement to assist with stabilization. Future ISS work

includes a pilot scale project at a DOD facility using 40 tons of FLUORO-SORB® 200 which is scheduled to be
constructed in the summer of 2018.

Table 1. Results of a bench top ISS study using AIOH/Carbon Blend and FLUORO-SORB®
using a deionized water with pH of 7.9 as the leaching fluid

PFAS Sum (mg/L)

Control 1 sCo?Dth\)/:/Q& AIOH,Carbon A'OBT/CS‘E’O”  LoR6.SoRaE | FLUORO-SORE®
Soil/GW Blend en UORO-S0 & Cement
Cement Cement
208 117 0.75 245 0.3 0.04

In-Situ Stabilization of PFAS in Groundwater, Peter Storch, Proceedings of Cleanup 2017
Melbourne, Victoria
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Isotherm Testing for FLUORO-SORB®

The CETCO® in-house research and development laboratory conducted a study using high, medium and low
concentration PFAS leachates. The FLUORO-SORB® dosing levels were varied and the samples were exposed to
FLUORO-SORB® for 18 hours prior to determining the concentration and percent removal (Table 2). The benchtop
laboratory study was further supported using site specific groundwater taken from an active AFFF contaminated site
that is looking for a treatment technology.

FLUORO-SORB® adsorption coefficients from the testing program for high, medium and low concentration PFAS
leachates and constituents found in the monitoring well at the site have been plotted with the associated PFAS
substances molecular weight. Figure 2 can be used to estimate the adsorption coefficient for non-measured PFAS
substances. Additionally, the data indicates that FLUORO-SORB® is not negatively impacted by other constituents
that may exist at a contaminated site.

Table 2. Summary of the dosing studies for laboratory prepared samples and a site specific case

Leachate Description Mass Volume Total PFAS %
Sorbent Leachate Concentration Removal

(mg) (mL) of Leachate
(ng/L)

Baseline Conditions Prior to the Addition of FLUORO-SORB®
PFAS Leachate [High] 0 250 2991
PFAS Leachate [Medium] 0 250 1218 N/A
PFAS Leachate [Low] 0 250 305
Adsorption of PFAS by FLUORO-SORB® for High, Medium & Low Concentrations
FLUORO-SORB® in [High] 5 250 2433 19
Lab Leachate (3000 ng/L)
FLUORO-SORB® in [Medium] 5 250 893 27
Lab Leachate (1200 ng/L)
FLUORO-SORB® in [Low] 5 250 216 29
Lab Leachate (300 ng/L)
FLUORO-SORB® in [High] 100 250 263 91
Lab Leachate (3000 ng/L)
FLUORO-SORB® in [Medium] 100 250 169 86
Lab Leachate (1200 ng/L)
FLUORO-SORB® in [Low] 100 250 42 86
Lab Leachate (300 ng/L)
Site specific case study using different FLUORO-SORB® treat levels
FLUORO-SORB® in field 2000 250 154 99
monitoring Well (28,600 ng/L)
FLUORO-SORB® in field 200 250 486 98
monitoring Well (28,600 ng/L)
FLUORO-SORB® in field 20 250 22400 22
monitoring Well (28,600 ng/L)
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Figure 1 - In-situ stabilization using FLUORO-SORB® with an hydraulic mixing head, and adsorption column study
in CETCO’s Research and Development Laboratory
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Figure 2 - Adsorption Coefficients for a Field Sample & Laboratory Prepared Specimens Plotted with PFAS
Molecular Weight

FLUORO-SORB® was also investigated as a soil amendment with different soil types. A laboratory spiked sample
was developed and two soils from the aforementioned AFFF site were also treated. A five and ten percent
treatment loading by dry weight was selected and blended into the soils. Desorption was estimated using EPA
Method 1311 (TCLP) and the extracted leachate was analyzed for its PFAS concentration. The reduction in PFAS
concentrations for this work are presented in Figure 3.
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Figure 3 - TCLP Leaching results for three soil types treated with FLUORO-SORB®

Ongoing and Future Work

CETCO® has ongoing bench-scale and field pilot-scale work for numerous PFAS contaminated sites. We are continuing
to develop data on the removal efficiency FLUORO-SORB® and look forward to sharing more information about
FLUORO-SORB® as the data becomes available.

Summary

* FLUORO-SORB® is commercially available
* FLUORO-SORB® provides an economical alternative to other available technologies
* FLUORO-SORB® is not impacted significantly by other contaminants that may be present

Contact CETCO®
Matt Geary, Technical Sales Manager - (518) 430-8790 - matt.geary@mineralstech.com
Chuck Hornaday, Technical Sales Manager - (224) 365-9207 - chuckh@vadoseremediation.com

cetco@mineralstech.com | cetco.com | 800.527.9948

© 2018 Minerals Technologies Inc. IMPORTANT: The information contained herein supersedes all previous printed
versions, and is believed to be accurate and reliable. For the most up-to-date information, please visit www.cetco.com.

CETCO accepts no responsibility for the results obtained through application of this product. CETCO reserves the right
to update information without notice.

FLUORO-SORB® Flyer May 2019 V3





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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




