wood.

Georgia Industry Environmental Coalition

Per- and Polyfluoroalkyl substances (PFAS)
Technical Update

Shalene Thomas, V.P,
Global Emerging Contaminants Program Manager
Wood E&IS

woodplc.com



Agenda

Overview of Emerging Contaminants

Evolving Technical Challenges
V' Firefighting Foam Transition
V' Ambient Background Levels
V' Waste Disposal and Treatment

Summary & Conclusions




Overview of Emerging Contaminants

Quick update on Per- and Polyfluoroalkyl substances



Emerging Contaminants

What are they?
DoD and EPA definitions generally 5ca"

state: | »
: = t<h Phase |
A Presents potential A

unacceptable risk

: aCt'O“ Phase Il
A Has no published standard l »

A New science, detection, or
exposure pathway risk
. nageme
available!-? 3 b

DoD Scan, Watch, Action Process

1DoD Instruction 4715.18, Emerging Chemicals of Environmental Concern, September 4, 2019. Office of the Under Secretary of Defense for Acquisition and
Sustainment

2 EPA Federal Facilities Restoration and Reuse Office:
http://www.epa.gov/fedfac/documents/emerging _contaminants.htm#additional ec
3 http://toxics.usgs.gov/regional/emc/



http://www.epa.gov/fedfac/documents/emerging_contaminants.htm#additional_ec

List of Emerging Contaminants

US Department of Defense Emerging Contaminants
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Maphthalene Beryllium Hexavalent Sulfur Phthalate

Chromium (HC) Hexafluoride (5F,)

Lead

US EPA Office of Water Contaminants of Emerging Concern

A Pharmaceuticals and Personal Care Products
A Polybrominated diphenyl ethers (PBDES)

A 1,4-Dioxane ol T

A PFOS and PFOA PBDES
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PFOS - perfluorooctanesulfonic acid



http://www.denix.osd.mil/cmrmd/ECMR/HexChrome/TheBasics.cfm
http://www.denix.osd.mil/cmrmd/ECMR/Naphthalene/TheBasics.cfm
http://www.denix.osd.mil/cmrmd/ECMR/Lead/TheBasics.cfm
http://www.denix.osd.mil/cmrmd/ECMR/RDX/TheBasics.cfm
http://www.denix.osd.mil/cmrmd/ECMR/SF6/TheBasics.cfm
http://www.denix.osd.mil/cmrmd/ECMR/phthalate/basics.cfm
http://www.denix.osd.mil/cmrmd/ECMR/Beryllium/TheBasics.cfm
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=VjOKGbJICdBmsM&tbnid=O9GVzP-b3RGNlM:&ved=0CAUQjRw&url=http://cook.chem.ndsu.nodak.edu/chem341/?tag=perfluorinated-compounds&ei=SrNfU5n2EYqe8gHQ-4DQCA&bvm=bv.65397613,d.b2U&psig=AFQjCNFwQUxyGtsr2TlYeDBvRtoyxWrS8A&ust=1398866819368484

PFAS T A Broad Class of Compounds

PFAS = Per and Polyfluorinated Alkyl Substances
- 6,000 manmade chemicals discovered in the 1940s

- Carbon chains (alkanes) of various lengths (C3
C20+)
Varying amount of fluorine saturation
Water-repellant tail and a water soluble head
Heat resistant and chemically stable GUEEX 4
Ubiquitously used in products

Ubiquitously found in the environment
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Evolving Technical Challenge

Fire-fighting Foam Transition



PFAS and Fire Fighting Foam
' Not all foams contain

i
\VV AFFFs are most widely

Aqueous mm-fcnl«mg foam (AFFF) Rt e used fluorinated foams
o Alcohol-resistant protein foam (AR-P)
e cem—————— V' PFAS content and
Modem fluorotelomer AFFF U T A A A concentration varies
resistant aouesus fim-formina foam Synthetic alcohol-resistant fluorine-free foam
Alcohol-resist m{AcF;I -AFFFf} Im-forming f Y (AR-FFF) \V/ Class B foams are for

flammable and
Alcohol-resistant film-forming fluoroprotein foam combustible fire -
— fighting

Fluoroprotein foam (FP)

Film-forming fluoroprotein foam (FFFP)

Alcohol-resistant fluoroprotein foam (FPAR) Source: S. Thomas

https://pfas-1.itrcweb.org/3-firefighting-foams/




Context Around the Issue- It is Complex

4 ) 4 )

For every risk that Is prioritized, Risk Return
there Is potential for compromise ) \ )

on return )
For every type of foam use, each Regulatory
key factor needs to be balanced Drivers
with: Sarformance
_ _ Reputationa\ i cation
A Likelihood of occurrence
A Impact of occurrence  ronmental Engineoring
Is the use fit for purpose? and HH Risk
e




Petroleum Environmental Research Forura PFAS Study

Critical Review of Health and Environmental Hazards for PFAS and Fluorindree Foams

PERF MembergdChevron, ExxonMobil, shell, BP, Phillips 66

Fire-fighting
foam Identification of relevant chemicals in AFFF and F3, determination of hazard and fate information, and
conceptual site model

In partnership with Integral Consulting, identify limitations of and data gaps in the current studies or data sets to

inform risk assessment and risk -based decision -making for AFFF and F3.

Example GreenScreen® output for PFHxA (ToxServices 2016)
Types of Foams GreenScreen® Assessment View source  View key
] Group | Human Group Il Human Ecotox Fate Physical
v ! ST N
Compile Analyze Samples C M R D E AT SnS SR WS WE AA CA Eo P B FRx F
Literature (Task 1b) single repeat single repeat
| [ LLLMDGM-M DG L L Ds wH wH M L vi L M M
¥ —
Chemical Profiles
——— Utilize existing defendable tools for chemics
B __Persistence .
T evaluation
Analogs / R
Surrogates - - - .
Avoid regrettable substitutions




Fire-fighting Foam and Florine-free Alternatives Assessment

L . https://echa.europa.eu/documents/10162/28801697/pfas flourine
DeCISIOn-Maklng TOO| fOr Foams free alternatives fire fighting en.pdf/d5b24e2#27-0168-cdd8
f723c675fa98

European Chemical Agency/European Commission

PFAS Policy | Technical and economic feasibility and socioeconomic impacts of alternatives via analysis of volume of use,
functionality of foam, and potential hazards and risks

Assessment of AFFF and Foam Alternatives

5 . G S
At ﬂl . £ECHA

EUROPEAN CHEMICALS AGENCY

Legal requirements
databases

Env. Agencies, Monitoring dat Scientific
international onitoring data publications

Organisations &
NGOs SD

S Socieeconomic impact of substitution

P —
’d Information by Potential hazards and risks of alternatives

Stakeholder consultation producers



https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98
https://echa.europa.eu/documents/10162/28801697/pfas_flourine-free_alternatives_fire_fighting_en.pdf/d5b24e2a-d027-0168-cdd8-f723c675fa98

Evolving Technical Challenge

Ambient Background Levels



Why Is ambient background important?

Ensures costly cleanups are avoided by:
A defining background concentrations — :
A Establishing cleanup criteria above el L\\i o @;
ambient background levels. % T eamew ?
More sites moving into clean-up in near S 3 |
term § ae a0 am s aos

https://www.sciencedirect.com/science/article/pii/S0269749117352521

Published clean-up criteria are often very
low (ppt)

Vedagiri, U., Anderson, H.gsq L., andSchwachC. 2018. Ambient (Background) Levels of PFOS and PFOA in Multiple Environmental Media. Remediation
Journal 28(2):%1. https://onlinelibrary.wiley.com/doi/abs/10.1002/rem.21548

BrusseauK.L., Anderson, R.H., and Guo. B. 2020. PFAS Concentrations in Soils: Background Levels vs Contaminated Sitése Rtadritevobnment.
Vol: 740. In press, Octobéittps://www.sciencedirect.com/science/article/abs/pii/S0048969720335373?via%3Dihub



https://onlinelibrary.wiley.com/doi/abs/10.1002/rem.21548
https://www.sciencedirect.com/science/article/abs/pii/S0048969720335373?via%3Dihub

Key Considerations for Background

A Increasing understanding for significance of
Surface Water pathway T —

A Increasing understanding for Potential Air |
Transport

A Large AFFF Sites may have enough disparate
contributing sources
as a source

A Site Construction and Remediation activities
may redistribute or change sources

- < o i %] ~

Normalized Sample Depth

= LONG-CHAIN & SHORT.CHAIN

BrusseauK.L., Anderson, R.H., and Guo. B. 2020. PFAS Concentrations i
Soils: Background Levels vs Contaminated Sites. Science of the Total
Environment. Vol: 740. In press, October.
https://www.sciencedirect.com/science/article/abs/pii/S004896972033537
?2via%3Dihub

— Wood. o & &


https://www.sciencedirect.com/science/article/abs/pii/S0048969720335373?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969720335373?via%3Dihub

Case Study- Regional PFAS Fate/Transport in Air

Northeast US

Confidential Customer

PFAS

Air and groundwater modelling to assess fate/transport, identify offsite sources, and develop Regional CSM

Air dispersion from multiple sources, complex bedrock hydrogeology, and stakeholder concern/litigation

Detailed 3D EVS Model used to demonstrate
pathways and ease public concerns

Air Modelling Calibrated to Soil/GW data used to
identify non-Mfg. offsite sources

" Wood. o o @



PFAS Releases in Biosolids

Regional impacts from AFFF
releases at Fire Training Center

Foam releases in air complete
pathway to drinking water
receptors radially from site
Including hydraulically
upgradient

PFAS discharges to sewed
biosolids used on > 100
agricultural plots

Groundwater used for drinking
water and irrigation

e
hesarch
L ae}




PFAS In Surface Water and Surface Foam

Several states have expressed need for surface water criteria for:
A Protection of human health and biota
A Only two States currently have criteria (Ml and FL)

A Twenty states are currently collecting surface water =i
samples and 14 collecting fish/shellfish- ALL are detecting  Mtsiiwaw.pea.state.mn.ushwaste/pfas-foam-surface-
PFAS

PFAScontaining foam above water interface is gaining attention
A Typical to find near release areas

A May aISO Occur some dIStance away When Surface Water https://dnr.wisconsin.gov/topic/Contaminants/Mari
bodies are connected netteFoam html

A Fate and transport very challenging due to:

e Variable surface water depth, flow conditions, and co-
contaminant mixtures

A Enrichment factor of 3.2 to >32,000x underlying water

CO I umn https://www.michigan.gov/pfasresponse/0,9038,7-365-
88059 _91295---,00.html

N



MPCA 3M Post Settlement Support

Conceptual Drinking Water Supply Plan, East Metro, MN

Minnesota Pollution Control Agency and Department of Natural Resources

PFAS DW

Treatment Developed a Conceptual Drinking Water Supply Plan for 14 Community Area that identifies regional safe

drinking water solutions for over 170,000 residents over a 150 square mile area of PFAS plume

Established both groundwater and hydraulic models for the entire East Metro area to determine most effective

drinking water solutions for municipal and rural community members in 2020 and in 2040.
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Evolving Technical Challenge

Waste Disposal and Treatment



Planning/Preparation Considerations

Treatment Technology
Selection

Balance cost and performance

Technology selection depends
on

\/ Concentration and flow
\VV Co-contaminants

V' Product water
regquirements

Single-use or
Regenerable

resin

Other Considerations

Incineration

CONCENTRATION
Example of the spectrum of treatment considerations

N



Treatment/management options T PFAS Waste

What we have seen to date:
Stabilization and burial
Deep well injection
Incineration

A Municipal

A Hazardous waste

A Cement kiln

EPA Disposal Plan promised by year

https://lwww.chemistryworld.com/news/pfas-incineration-study-

M any Cl I e n tS I n h O I d | n g patte rn cancelled-by-us-environment-agency/4012375.article




Treatment/management options - Emerging

Other adsorptive media

A Organo-Clays have shown promising
results

Oxidation/destructive technologies -

A break down longer chained
compounds.

A Not fully proven
Incineration/plasma arc treatment of water

A Direct destruction of high
concentration streams

Additives

A Effective for reducing PFAS in highly \ T
CO n Ce ntrate d WaSte Stre am S Firewater treatment by Wood at Navy base




Research, Development, and Validation of Technology

U.S. DoD Basic and Applied Research Program and Demonstration and Validation

Strategic Environmental Research and Development PrograWwarded: i Co mbi ne d
(SERDP) U.S. DoD Basic and Applied Research Program
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Environmental Security Technology Certification Program
(ESTCP) U.S. DoD Technology Demonstration and Validation
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Conclusions



What does it mean to industry? Evolving technical challenges

V

V

< <

More than 6000 PFAS compounds in commerce and we can
only analyze for 40-50 in environmental samples.
Most of the PFAS we can test for are not the primary active

Ingredients in many products.

Most of the PFAS we can test for are shared components In
multiple different products.

Product composition Is protected as trade secrets, and the
fluorinated components are often excluded from SDS.

We still see a lot of lab-to-lab variability in results.

We still seesome labs that do not understand PFAS chemistry,
so they can produce results that meet method requirements,
but may not be reliable.







