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PFAS Confirmed -
Now What Do We Do?
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PFAS Continues to Make Headlines...
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EPA finds PFOS in eel, shiner, pickerel, e
brown trout from Seacoast brook

By KIMBERLEY HAAS
Union Leader Correspondent

The Lawyer Who Became
DuPont’s Worst Nightmare

GREENLAND — The U.S.

" " K 1 TICE Rob Bilott was a corporate defense attorney for eight years. Then
Environmental Protection Agency has 2 PLEASE TAKEMNSmm he took on an environmental suit that would upend his entire career
released data summarizing the : gaf::‘:mnusﬁnm &“:“uh:“ a, — and expose a brazen, decades-long history of chemical pollution.

g . % riace waters in e
results of recent fish tissue sampling e estiqation 408 evaioston is By NATHANIEL RICH _ JAN. 6, 2016
conducted at Berry's Brook. o cegeing, Plewe vid contact Wik

the surlece mm along the trail

According to Kelsey Dumville in the
public affairs office, under EPA and
New Hampshire Department of
Environmental Services oversight,
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https://content.sierraclub.org/grassrootsnetwork/team-news/2018/08/another-
reason-biosolids-should-never-be-used-fertilizer-pfas
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PFAS Remediation Gets Global Attention

) @ STOCKHOLM
@i(% CONVENTION

Protecting human heaith and the environment
from persistent organic pollutants

PFOS listed in Annex B
PFOA Recommended for listing

Annex B: “Parties must take
measures to restrict the
production and use of the
chemicals listed under Annex B
in light of any applicable
acceptable purposes and/or
specific exemptions listed in the
Annex.”

HEPA (Australia and New Zealand EPAS)

PFAS National Environmental

Management Plan

JANUARY 2018

Adopts an Adaptive Management
Approach

Guiding principles include The
Precautionary Principle: “where
there are threats of serious or
irreversible environmental damage,
lack of full scientific certainty
should not be used as a reason for
postponing measures to prevent
environmental degradation.”



Planning Response Actions
Basic Waste Site Remediation Tenants Apply

1. Source Control - Eliminate to the extent feasible the source of contaminant

release

2. Management of Migration - Prevent or mitigate the spread of

contaminants to unaffected areas or across media

3. Risk Reduction - Reduce levels of risk to human health and the

environment down to acceptable levels in a timely manner

4.  Helpful to remember the first tenant of the Hippocratic Oath “primum

non nocere” - the cure should not be worse than the disease



Source Control Michigan DEQ is now
requiring public
5 wastewater treatment
»Source In” plants to identify
*WWTP Influent industrial customers
Testing using PFAS, develop a

_ monitoring plan,
“Testing for WWTP  sample and work with

Customers - companies, landfills or
voluntary, contaminated sites to
requested, reduce PFAS use or

required by permit discharge.



Source Control

»Source Out? Is it in your
water discharge? #
"CWA/NPDES regulated

sDischarge to surface water
bodies - not degrading there

"Migration to sediment and/or
adjacent groundwater




e
Credit: Ginny Yingling, MN Department of Health

http://dels.nas.edu/resources/static-assets/besr/miscellaneous/Open-Session-
Materials/AdHoc/SubsurfaceContaminants/Presentations/WSTB_Yingling.pdf

) Grolndwater flow

Surface water. or
stormwaterflow

§ s g
 § - -

R

mn PFOS - All Aquifers
“orweairn [ PFOS greater than 1.35ppb (>50x HBYV) [l PFOS 0.021-0.027ppb (75-100% HBV)
B PFOS 0.271-1.35ppb (10-50x HBV)

MDH Health Based
I PFOS 0.0136-0.02ppb (50-75% HBV) Value (HBV) for PFOS

PFOS 0.136-0.27ppb (5-10x HBV) B PFOS 0.004-00135ppb (<S0% HBV) (e ok 39 pte por

PFOS 0.028-0.135ppb (1-5x HBV) [ PFOS not detected trillion)

5/17/2018
NOTES: Map combines data rom all aquilers, aclual concentrations in any area may vary; blank spaces indicate no sample data
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Source Control

»Source Out? Where do you
send your biosolids/sludge®

*Incineration
= andfill

=Agricultural Use/Land
Application

»Each option has its own
questions and risks



PFAS Management of Migration and
Remediation Considerations

» Resists biodegradation

» Resists photolysis,
hydrolysis

»Destroyed at ~1000°C

»Water soluble, non-volatile
and persistent

» Large dissolved phase
groundwater plumes

»Sorption, solubility
differences

» Common Co-contaminants



Helpful Available Remediation Resource -

Credit:

'BpH Remediation Technologies and Methods

4 for Per- and Polyfluoroalkyl Substances (PFAS)

https://pfas-1.itrcweb.org/wp-
content/uploads/2018/03/pfas_fact_sheet
_remediation_3_15_18.pdf

» Published April 2018
» Upcoming Training
(https://www.itrcweb.org/Training/Pfas)



Soil/Solids Remediation -
Conventional Approaches

»Incineration » Landfill Disposal
=Destructive =|solation technology
technology =Applicable to
*High temperature variety of PFAS
required "Long term
=L imited to maintenance and
permitted receiving liability
facilities *Where does the
=Commercially landfill leachate go?
available sCommercially

=High cost available



Soil/Solids Remediation -

Sorption/Stabilization Approaches

» Carbon/Modified Carbon

*GAC and PAC
common in water
treatment; primarily
pilot scale for soils

*Modified carbon (e.g.
RemBind ®) range
from test level to full
scale applications

=Adsorption of full
suite of PFAS and
longevity of
stabilization?

> Minerals and Resins

-Mod|f|ed minerals
amine modified
or anocla
MatCARE ?
commercially
available

=Other
formu
being
testec

=Adsor

mineral

bench and

ntion of fu

ations also

pilot
I

suite of PFAS and
longevity of
stabilization?



Soil/Solids Remediation -
Other Options on the Horizon?

>Thermal Treatment > Bioremediation
=Bacterial and

éggstcr)ergmgr\]/\t/ith Oft- fungal strains being
> Limited to ex-situ for tested for ability to
now biodegrade PFAS
~High energy =To date, little

consumption

> Air treatment success has been
treatment residual demonstrated in
management literature, but

concerns . .
research Is ongoin
» Not full scale or going

commercially proven and intensiftying.
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Table 1, SOLIDS TECHNOLOGIES
[REMEDIATION TECHNOLOGIES AND METHDOS COMPARISON TABLE
This Table belongs with the ITRC PFAS Remediation Technologies and Methods fact sheet, The ITRC intends to update this table periodically as new information is gathered The fact sheet user is encouraged 10 visit the TRC PFAS web page {hitp://pfas-1.itreweb.org)
to access the current version of this file, Please see ITRC Disclaimer http://plas-1.itrewsd, ong/sbout-itre/Rdsdaimer

ADOIONMHOAL ¢

Remediation Technologies and Methods
for Per- and Polyfluoroalkyl Substances (PFAS)

Incineration

in general, the technologies that are isted in the text of the fact sheet have been rangng h- to full-scate and those are inciuded in each techaology's State of Development section, Additional techologies included in this
[suporting table are curently considered promising.”
Treatment Mt Strengths | Challanges/Limitations
What PFAS lication (in | Mechanism . Waste
Remediation Technology o e = (commercialized, Full- | (Inchudes co-contaminants, sustainabiity, 2 Future Data Needs References
demonstrated on? | Situ vs. Ex Situ) |{Transformation or| Management
e Scale, Fleld Pilot, Lab) ility)
co-cantaminants Surface area may I I
N ling lony m A{ I,
cac PFOR, PFOS nSitu Separation are remedisted; s | Become cogged by /A daceranciagioos i | S aRL0m
scalable organic carbon in soil gl
co-contaminants | Surface area may
I i 5
PAC PFOA, PFOS In Sty Separation are remeciated; Is become clagged by Nia e o lorg tertn o Sl 2009
ility of contaminant Du et & 2014
scalable organic carbon in soil
Surface area may et on
Carbon co-contaminents understanding long teem | Liet. o 2011 .
[CNT, dified CNT PFOA, PFOS Ex St it i i) Nia
e o oSl are remediated | 07T ‘m 4 stabity of contaminant |Kwadijk, Velzeboes,
S and Koelmans 2013 | — -
Surface area may
become clogged by
[Sorption and PFOS e W
organic carbon In soil;
[Pabmton FFOR Eo-CoMAmINats | o himent dasage is understarding lang ¢
Maditied carbon RS Insity Segaration & are remedsaned; s eh 1K ot NiA € ’mm Birk 2015
PFBS scalable > s
et volume, up to 10% by
valume needs to be
added to the soil
Potentlal for desarption|
[Minerals (won oxde, PFOS Enhance sorption and leaching of PFOS
oethite, high iran Pi0S Potentis! for PFAS to lesch |lohnson et al. 2007
In Sit Separatiol od| NiA
<and, clay/ PFOA ot reuan. "': “'2'_"‘ inf d from 307 after treatment | Zheo et al. 2014
organodlayh PrHXA istry (oH, ions and
Minerals Organic carbon content)
Amendment dosage is
high (>7%); The sod
o = i Modified cl Potential for PFAS to leach [Xambala and Malds
Modified minerals prOS InSitu Separation &« B oisture content needs| NiA 4 d
material 2 from sof after treatment 2013
tolbe 60% of soi water
holding capacity
—
Long term solution;| o™ destructve; H
isolation Capping al In Situ Separation  |Na projects found m: X nﬁ; vy | reauires long-teem N/A A
it maintenance e
—
|_—Mongemrattive; | Landfil dispossl
10 Landfill " =7 x fees; " N/A
n ExSity Separation < cepted approach | 70073 long-tem ees; long term i Lang et &l 2017
maintenance liabiity of waste
and
[Disposal
Long term soktion;
. Cost;
to incnerator an Ex Sity Transformation tted incinerator R LY et et ol 2008
destructive mathod | PO ens
Addresses VOCs, Mass bakance to
[SVOCs, and PCBs co) ¥ uncderstand destructive
contaminants, | 'V ey SOlOn, | oy st mechansm; Endpaint
e’ PFOS/PFOA, 9 PFAS 2 only ex situ for now, i P
Thermal Desorption with off-gas treatment Ex Situ Transformation petroleum stream of Daocumentation of air Consulting 2016
documented sagisticaty difficuit a¢ ) .
products, gisthoy condensate Squid | treatment remoual and | Enviropacific 2017
ultimately destruction mechanisms
destructive and end products for PFAS

Cammercialized
Implemented Ful-Scale
Field Piot tested
Lab/Bench tested

Commercialzed
Implemented Full-Scale
Field Pilot tested

Lab/Bench tested

Commercialized

Implemented Full-Scale

Field Pilot tested

Lab/Bench tested

Commercialized
Implemented full-Scale
Field Pilot tested
Lab/Bench tested




Soil/Solids Remediation

Source: Minnesota Pollution Control Agency




Water/Liquid/Groundwater Approaches

» Activated Carbon
*GAC most common in
water treatment

=*Adaptable from point of
use to large scale
systems

=Spent carbon disposal
or regeneration an
added waste stream

» Polishing/Separation
=Reverse 0smosis

=Other membrane methods

»Minerals and Resins
"Anion exchange resins
*Compound specific
"More costly than GAC

»Specialty Coagulants
"Combined with solids
dewatering

*Not tested at low ppt
levels
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Remediation Technologies and Methods
for Per- and Polyfluoroalkyl Substances (PFAS)

Table 2. LQUID TECHNOLOGIES

[REMEDIATION TECHNOLOGIES AND METHOOS COMPARISON TABLE

This Table belongs with the ITRC PFAS Remedistion Technologies and Methods fact sheet. The ITRC stends 16 update this table periodically a3 new information is gathered, The fact sheet uses is encouraged 10 visit the ITRC PFAS web page (M1tp://plas-1.itrowed arg) to acoess the current version of thes file, Mease see ITRC Cisdaip?

In gereral, the technolagies that are listed in the text of the fact sheet have been demonstrated ranging from bench- 1o full-scale and those descriplions are inchaded in each technology's State of Development section. Additional technologies inchaded in this supporting table are currently considered promising

pras
Media
wiha demo What , Field pil Strengths (Includes chodes .
Group (m' ""t“m, neteated on? Jorinking Water, Surface Water, |Application e ciom or |t leld Pllot, i o Waste My
et [Wastewster, Leachate) ~ N - -
PFOAPFOS/Other PFAS = 1,000 s/t 1 g
. “ e Current data show that shim is not effective &
5% removal (Comventional technology. Used commanty for |75 SR8 Bl E1t 0 e PR et
alum 1 ex Su Separation water treatment in other applications " v lowrels. .
» Miay best serve as intial trestment tey
PFOA = 8 /L 20% remonal Readity scalable Wil ety require polishi -
PrOs = 236 ug/L, 407 remouat ea e,
.
\
Current data show that polyd,
Comwantional tachnology. Used commenly for  [Jara not aftective for maating
Podyaluminum chiorides PFOASPFOS = 1,000 pg/L, 1-10% removal jAII Ex Sty Separation (water treatment in other applications, ng/L). \
|[Readily scalable [May Best serve as v |'Iu|lP¢‘
Wil Ekety require polishing \
\
SPFI - o
:’:z:ql 05 = 1,000 g/t 10-50% Corvvantional technolagy
v i Used commonly for water treatment in of
Farric sals o Ex situ Suparation —— u
PFOA = & /L. 15% remaoval ‘:z;f'" b
PFOS = 236 g1, 0% remonst cadity scalable _
fc
valent bound frybeid 59.6% | of BFOM was cbemrved wit
ovelent bound hybe PFOA = 100 pg/L, 99% remonal 1 ex Sau separation remee s e
kosguiants condtions
Pras - 380.480 131, 87-98% remaval
PFOA = 8 /L. 20% emmcnal [Appcation as consudent in conventional 1
Specinty coagulants PFOS = 236 /1, B0 remonst o Ex situ Sparation treatment equipment is wel known
Readity scatable I I I
Can be improved by incroasivg current an
(Gecreasng pH.
proa = a i ™
I 0A = 1000-200,000 p/L, up 0 99% |, Ex Situ Separation imeroved by addition of H202 to promots
removal 3dvanced oxidation
[Rezearch shows 2inc hydroxide slectrode
have better performance.
Treats all tested PFAS 1o date with high re St a ge
1 to breakth
Trestment demonstrated for sll PEAS ror to breakthroueh,
tested to date ot part per trllon topart fGroundwater, drinking water, Ocsign Alsibility to increase removal
Activated carbon vl - . = ¢ |aresit separation simpie to operate. Compebtie adsorptio
per bl for above- . Ieachate
round activated carbon treatment [Multiple vendors. Precursors and cther
* : (Off-sie reactwation/regencration avallabie for  |increase GAC loading afy
pras. frequencies. .
No destructicn of FFAS, 3
incinerated at high tempd|
™ \
Plume Stop™ onby in situ ph
Carban commerically used for sbove ground  [appiication evalusted for #£3
Thearsticaily similar to above-ground watar treatment and far in situ barrier walls lmited to one site with non-
activated cavan carbon trestmant, but not tested in situ fanl Plume in Situ soparation invaning other contaminants.

to date.

situ technolages e beig developed

Can be effuctive for plurme control while other in

[Does not treat PFAS, only has,

[plume migration. )

Wil eventually become exhausietru. o
repienished in situ. =

Most technologies

bench scale testing




Additional Remediation Info:

o Em plnited Stetes o Technology Innovation and Field Services Division Search

Agency

- - Y
S Rdditonar

Technologies Contaminants Issues ’ . Trai‘rTingwajnl
=1

CLU-IN | Contaminants | Per- and Polyfluoroalkyl Substances (PFASSs)
Staying
For more information on Per- and Connected
Polyfluoroalkyl Substance (PFAS) Remediation, »®
nl2ase contact:
.. Michael Adam un‘m
Technology Integration and Information Branch
PH: (703) 603-9915 | Email: adam.michael@epa.gov @ \\
Per- and Polyfluoroalkyl Substances (PFASSs) =
Remediation Technologies %
Introduction « Overview
- Ifolﬁicr:y and ‘31%

https://clu-in.org/contaminantfocus/default.focus/sec/Per-
_and_Polyfluoroalkyl_Substances_(PFASs)/cat/Remediation_Technologies/#8



Additional Remediation Info:

BSERDP QESTCP

SERDP and ESTCP Efforts on PFASs

@ Long Term Managemant Workshop @) FrAs Workshop

In Situ Remediation . in Situ Remediation . Ecotoxicity ’Ilul Contamvnants
.nuum--;m Aqueaus Film Forming Foam
. Scurce Zoaes
In Situ & Ex 5u Treatment
BSERDP S
. Knowiedge Gaps
. Ecological Risk Charsctorizstion

Analytical & Environmantal
‘ Sampling Methods

.TZ: Catalyzing Rapid Information Transfer Among Key Stakeholders on PFASS

. Charactarization of the Nature and Extant of PFASs at DoD Sites for Informad Decision-Making

Fiald Demonstration to Enhance PFAS Degradation and Mass Removal Using
©OESTCP @ Dottt kit ooty AT

Removal and Destruction of PFAS and Co-contaminants
® L
Fiaid Demonstration and Lile Cycle Comparison of Ex-Situ

. Treatment Technologies for PFASs in Groandwater

FYi1 FY12 FY13 FYi4 FY15 FY16 FYi7 FYis FY19 FYzm

SERDP & ESTCP Efforts on Per- and Polyfluoroalkyl Substances (PFASs)

https://www.serdp-estcp.org/Featured-Initiatives/Per-and-Polyfluoroalkyl-
Substances-PFASs



Essential to Stay Tuned - H

State of the practice changes continually,
and adaptive and new remedial approaches

continue to be publicized

W B

and Cald



Marilyn Wade

I h k mwade )
a n yO u ] 978.983.2042 Cell 978.265.1459

Questions?
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