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f Environmental Issues of Fluorochemicals |

| + Whatare “fluorochemicals™?1?! |

+ How are they made and used?
| + Whatare the environmental issues? |

| + What has been done to address the issues? |

+ What are we doing now to address the issues? !

| + Where are we going from here?

|
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| Electrochemical Fluorination Cell Products
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| Example: Surfactant used in AFFF Products. |
| + Three MajorComponents
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| Electrochemical Fluorination Cell Products - Issues |

{ * Mixturesof Unknown Composition
Latstightanan i

~ 2% branchedof same chan length|Z nigcotantgh |
|< 2branchad onan dirt chain enive
| + Lotto-Lot Variability in Composition |
|oyetmn
| ~bylocation (Antwerp = Cordova =Cottage Grove + Decatur) |
| * What Do You Test?

= Products 3s reyare sold? i~ Specific compounds xtracted om the misture?
~ Do youtestthe impurities? Which ones? |
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Nomenclature An Enormous Issue
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Environmental Issues of Fluorochemicals

| * Halogenated

| + Persistent |
1 + Widely Dispersed in the Environment i
| + PotentialtoBioaccumulate

+ BiologicallyActive

-
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| Atmospheric Issues

|
| ExtensiveProgramto Evaluate Atmospheric Fate and Effects

of 3M Fluoracheicals as CFC and Halon Replacements

- Rspecta |
| ~ UV Cross Sections

~ Hydroxy Radical Reactivity
! ~ Singlet Oxygen Reactivity |

+ Data Analysis |
~ Radiative Efcts |
~ Global Warming Potential |
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| Atmospheric Issues
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| Atmospheric Issues |

| CFC and Halon Replacement Candidates |
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| ‘Atmospheric Issues of Perfluorinated Compounds
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| Aerobic Biodegradation Results |
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| Aerobic Biodegradation of Fluorochemicals
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| Research at Michigan State University i

Or. Craig Criddle |
Blake Key |

| |
| NSF Center for Microbial Ecology and |
| Department of Civil and Environmental Engineering |

|

Er
| Research at Michigan State University |

| Multichamber Microcosms
| + Fermenting
| + Acetogenic
| + Methanogenic

« Sulfidogenic
| * Denitrifying

+ Aerobic |
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Research at Michigan State University |
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Recent Results
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| Light Water™ AFFF Usage Wastes
| + Continuing Issue with Customers
|Z Fire Fighting Training Sites
| ~FireProtection Equipment Testing || - Accidental Discharge by Automatic Equipment|" ~ Simple Operation and Maintonance Required |
| + Potential Environmental Harm |
| rishi

- Bird Exposure
| - Disruption of WastewaterTreatment Plants |

+ Potential Negative Publicity for the
Corporation {
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| Major Components of 3M AFFF Products |
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AFFF Waste Treatment

1. Addition of Cationic Polyelectrolyte
| 2. Flocculation |

3. Separation |
Precipitation

| Centrifugation
Sand Filtration || Reverse Osmosis/Uitrafitration |

| 4.Discharge of Treated Water
| 5.Disposal of PolymeriSurfactant Precipitates |

Incineration
| Landfill |
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| Effect of Cationic Polymer Concentration
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Effect of Cationic Polymer Concentration
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Future Work on AFFF Waste Treatment i
| Separation Method

Is precipitation sufficient? |
Centrifugation, sand fitration? |

| Reverse osmosis/ultrafiltration: too costly, |difficultto operate and maintain. |
| Disposal of Polymer/Surfactant Precipitate

| Incinerationoffluorochemicals?

Landfill possible?

| ‘Seeking Wastewater Treatment Firm for Scale-up

| i
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| Fluorochemical Bioconcentration in Fish
|
| 25 mg/L ammonium perfluorooctanoate (FC-143) |
| 30 fish/tank

| 5 fish removed and sacrificed at day 7 and day 13
| Analysis by combustion and F * analysis by ISE

Depuration Experiment

Fish remaining at and ofuptake put nto fresh |water
| fish removed at day 14, day 17, and day 20

Analysis by combustion and analysis by ISE |
|
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Perfluorooctanoate Bioaccumulation in Fish
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Fluorochemical Bioconcentration in Fish |

| sscomptormans
+ Developed math for uorochamical concentration n fish| by combustion method
+ FC-143 roport roviewedby Or JohnGiesey,Environmental |
+ Incorporated recommandations nto protocol |
+ Presented results 0 customer and at SETAC 1995 |
FutureWork
+ FC.35 (pofluorooctans sulfonate) |+ Acrylic foamer (L4840)+ Ethyl FOSE alcohol
+ Others as necessary
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| Fiuorochemical Products - Issues

-Hinderedby the numberof components
| - Techinusimetnads adocna comsonent proatly won't work

for othr companentsi || ©Povtnhrgea cogetvechev ruirchmphotrc
~ What mati? || Sols ly,bm coment, || + Walesasen,vast,in at,svt,runt.+ Ainta,coho+ Tosu-iod ws. kin bo,| + Foods. com odiiti. || + rmsg,

+ Kinser| © oda |

19

Made Available by 3V for Inspection and Copying as Confidental Information 3MAT0051844
Subject to Protective Order In Palmerv. 3M, No. C2.04-6308

2695.0019



Environment Laboratory am |
| Fluorochemical Products - Issues |
| istrict nEvronmensampe NTmss

+ TremendousDevelopmentsSince ~1983
~ Extraction Techniques
-SeparatonTechniques
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|" =Detection Techniques

ie Sorc,7,70FT.wdmyos {|Amn |Theoughput
+ GLPMethods n lac orSveaFuarochemicls n SoveraMatrices |

icing oad, vers, skin, an ater animal sues
+ Non-GLP Methods in PlaceforSeveral Fuorochemiclsn Several Matrices

- Wastewste sludge, soil dining wate, a, and others
+ Can Detect Any ForochamicalnAny trix |
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Fluorochemical Products - Issues |

| + TremendousQuanttes of Fisorochenical Beng Produced
~ Tensor hundredsofmillons of pounslyear

|" ~ Don't knowproduction quantitiesofcompttors
- Don'tknowtheir chemistries

|| + etectsonSsprr rion |
~ Human healt?

| commen i
+ Human Heath and Environmental Studies are

| - Garena iffeut
| - ExtremelyExpensive
| + Ultimate EnvironmentalFateUnknown

+ Unknown Liab |
|
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Fluorochemical Products - Issues

+ Product Composition |
~ Unknown |
- Not Crleal to Product Use

+ProductsmeatcertainQC specifications
- Bolling Point (Fluorinet Products)
~SurfaceTension (Fuorad Products)
- Oil & Water Repellancy (Scotchbn & Sctchgard Products) |

| ~ Extinguishment (ight Water Products) |
- Other physicalichemical properties s appropiate meet

| specications
+ End Use May Bo Unknown

~ Dortt knowwho buys them
~ Dontknowwhat kinds of productsthey are used in
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Fluorochemical Steering Committee

hares Cowman Specialty Chemicals Division |
! Thomas Dipssquale Legal |

Craig Oison Chemical, Fimand Aled Group Compliance |
| Sik-Toh Ting Fluorochemical Technology Canter |
| ‘Paul Ackerman Specialty Materials Division i

Larry Zoebel Medical Doartment |
John Butenholt ToxicologyServices
Ole Bacon Environmental Laboratory
James Sugg Industrial Hygiona Sances
OonTheissen CorporateProduct Responsibly
Lael Pickett ‘Specialty Chemicals Division |
Craig Burton FluorochemicalTechnology Conter |
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| Fluorochemical Technical Advisory Committee |
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| Fluorochemical Work in Progress

peti
| WaterSuit 0.EyFOSE kohA| beetsor.mciAse| vomnaerser"rom ————*| Wetton.ng rtcomportsatis

+ PasticideWorkingGroup. Il
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| + Proposals.
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