Thank You For Joining Us!
The Webinar Will Begin Shortly

While we wait... take a moment to connect with OCWD
@OCWaterDistrict | www.ocwd.com
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Beyond Removal:
Destroying PFAS in Reverse
Osmosis Concentrate
Tuesday, September 1, 2026



Before We Get Started

Attendees are muted to reduce background noise

Webinar is being recorded and will be published on
OCWD’s YouTube Channel

Use the Q&A box to submit questions on today’s topic

Email info@ocwd.com for any follow-up questions
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Meet Our Speakers

Dr. Manmeet (Meeta) Pannu Zia Klocke, P.E.
Senior Scientist Product Manager
Orange County Water District E2METRIX
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» Adsorption Study
 Bench-Scale EO Destruction

» Adsorption Study
 EO Destruction
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OCWD

Groundwater
Basin provides

85%

drinking
water

Formed in

19355

m|II|on
people
served

cities and retail
supply water districts in
north & central OC

We are a groundwater
management agency, providing
wholesale groundwater to local
drinking water retailers.




PFAS: Per- and Polyfluoroalkyl Substances

WHAT THEY ARE WHY THEY PERSIST WHY UTILITIES CARE
A large, diverse group of manufactured Strong carbon—fluorine bonds allow Multiple release pathways can carry
fluorinated chemicals. They are found in a many PFAS to resist degradation. PFAS into source waters and drinking
variety of common household products as FEEFEEFEE F O water.
well as Aqueous Fire Fighting Foams F
(AFFF). OH

F FF FF FF F

PFOA structural formula
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PFAS drinking-water standards

Maximum contaminant levels (MCLs) listed in EPA’s California Division of Drinking Water
2024 final National Primary Drinking Water Regulation advisory levels | ppt (ng/L)
PFAS / regulated mixture MCL (enforceable)
ppt
PFOA 4.0
PFOA 4.0 10
PFOS 4.0
PFOS 4.0 40
PFHxS 10
PFHxS 3.0 10
PFNA 10
_ PFHxA 1,000 10,000
HFPO-DA (GenX Chemicals) 10
Mixture of 22: PFHXxS, _ PFBS 500 5,000
PFNA, HFPO-DA and PFBS g

Regulatory status (May 2026): EPA proposed retaining the PFOA and PFOS NLs are health-based advisory levels. RLs identify concentrations
standards and rescinding the PFHxS, PFNA, HFPO-DA and Hazard Index at which DDW recommends source removal or other required

provisions. The proposal is not yet final.

response actions. Values current as of December 2025.
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PRIOR WORK

PFAS Groundwater Study

Adsorption was a good treatment option for PFAS removal at well-head

Received: 18 April 2002 | Revised: 22 August 022 | Acoepred: 23 August 2022

DOI: 10.1002/aws2.1308

i AWWA
ORIGINAL RESEARCH QWATERSCIENCE

Pilot-scale comparison of granular activated carbons, ion
exchange, and alternative adsorbents for per- and
polyfluoroalkyl substances removal

Ricardo Medina'® | Manmeet W. Pannu'® | Scott A. Grieco®
Michael Hwang® | Christine Pham' | Megan H. Plumlee'

Received: 20 December 2023 | Revised: 20 March 2024 | Accepted: 12 April 2024

. EMERGING CONTAMINANT ARTICLE

DOI: 10.1002/wer.11035

SHORT COMMUNICATION

Variable PFAS removal by adsorbent media with sufficient
prediction of breakthrough despite reduced contact time at
pilot scale

Manmeet W. Pannu’ | Andrew Huang® | Megan H. Plumlee?

> Scott Grieco

BENCH TESTING

Received: 9 January 2023 Revised: 12 April 2023 Accepted: 12 May 2023

DOI: 10.1002/aws2.1345

D AWWA
@, WATER SCIENCE

: Comparing PFAS removal across multiple groundwaters
. for eight GACs and alternative adsorbent

Manmeet W. Pannu?! | Joseph Chang?® | Ricardo Medina®

3 | Michael Hwang* | Megan H. Plumlee’




PRIOR WORK
PFAS Groundwater Study

Bed Volumes Adsorbents were ranked for PFAS removal in
0 100,000 200,000 300,000 400,000 Groundwater in pilot study (left) and bench
» 8.6 Mo study (right)
197k BV
5.2 7.1 Mo
163k BY RANK GROUNDWATER WELL A GROUNDWATER WELL B GROUNDWATER WELL C

21 Mo 1 - = Evoqua PSR2+ Evoqua PSR2+ Evoqua PSR2+
162k BY

2 Calgon CalRes 2301 Purolite PFA694E Purolite PFA694E
16.5 Mo

377k BY

[¥-3

¥4

3 — Jacobi PFCR-2 —
S _

e 124k BV q

12.5 Mo
286k BV

0 5]

12 18

Months

This work has been published in the final report of WRF project 5153
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¢0C W R S No PFAS Concerns for our Purified Recycled Water

GROUMDWATER REPLEMISHMENT SYSTEM

Reverse Ultraviolet Light
Microfiltration (MF) Osmosis (RO) + H,0, (AOP)
130 MGD 130 MGD N
S::g:::ry ey V . Basins
Effluent i | — P e 100 MGD
172 MGD .

S Purified

Water
30 MGD
Seawater
Barrier &
Unlike Groundwater, Axd-Brgin
there is no regulatory In{,ﬁzﬂ:n
19 MGD 23 MGD driver yet for removing
Backwash Concentrate discharged PFAS from ROC prior to
sent to OC San to OC San outfall ocean discharge

ORANGE COUNTY WATER DISTRICT (k!




= PFHXA
= PFPeA
= PFOA
m 6:2FTS
m PFOS
= PFBA
= PFHxS
= PFBS
= PFHpA
= PFDA
m PFNA

ORANGE COUNTY WATER DISTRICT

PFAS class
PFCAs

Measured PFAS Concentrations in ROC

Sulfonates / 6:2

FTS

Analyte Mean * SD (ng/L)
PFHxA 314 £ 321.5
PFPeA 272 + 276.6
PFOA 78.8+37.4
PFBA 52.7+11.8
PFHpA 17.7£5.0
PFDA 6.6+1.8
PFNA 3.9+13
6:2 FTS 169+ 7.5
PFOS o7.6 +27.8
PFHxS 35.0£7.7
PFBS 206+ 3.4




ROC Water Quality Summary

Water-quality Average * SD
parameter . High TOC
TOC (mglL) 24.3+0.08 . compete w/PFAS for
TDS (mg/L) 6,120 % 102 adsorption sites
Iron {ng/L) 10470 - High TDS; High salt
R&D Intern Leo on a sampling day Sulfate (mgIL) 1 ’21 3+ 70
« High concentrations of anions like
Nitrite nitrogen (mg/L) 0.3+0.26

sulfate, chloride

Manganese (ug/L) 182 + 24 e anions compete for
adsorption sites on resins

Zinc (pg/L) 86.3+10

Orthophosphate (mg/L) 493+15 * High Manganese
 fouling concern

Chloride (mg/L) 1,413 £ 94
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Evaluate the feasibility of removing PFAS from ROC
via adsorption and subsequent PFAS destruction

ACCUMULATE and DESTROY




Microfiltration/
Ultrafiltration

Reverse Osmosis

Ultraviolet

Advanced
Oxidation

ROC: Reverse osmosis concentrate
GAC: Granular activated carbon

IX: lon exchange

AA: Alternative adsorbent

IX Resins

Desorb PFAS from '

spent media

Ocean discharge
p( Ocean outfall (

>

Discharge of PFAS
free water

Destruction of PFAS
using E2metrix
electrodes

ORANGE COUNTY WATER DISTRICT

Novel
Approach for
ROC Treatment
of PFAS




Initial Testing and Testing Phases

* Phase 1: Preliminary with mini-pilot

* Phase 1.1: Baseline testing of 6 IX
supplied by Ovivo; 2 min EBCT

* Phase 1.2: Impact of EBCT on
treatment; 4 and 8 min EBCT

* Phase 1.3: Regeneration testing +
destruction (lab-scale)

* Phase 2: Testing at Large-Scale Test
Units in Trailers (Zia will present)

EBCT: Empty Bed Contact Time: Related to the time the water is in contact
with a media. Total Volume/Flow Rate

ORANGE COUNTY WATER DISTRICT



Phase 1.1 Data: Bed volumes to 100% Exhaustion

Bed volumes treated are calculated by dividing the volume of water treated by the volume of
media in the vessel. A greater number of bed volumes treated before exhaustion indicates longer-
lasting media.

mResin A mResinC m®mResinD
10,000

8,000
6,000

4,000

Bed volumes Treated

2,000

PFOA PFOS PFHxS PFBS PFHxA
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Phase 1.1 Data: Bed volumes to 100% Exhaustion

Bed volumes treated (Resin performance) was Resin C > Resin A >Resin D

mResin A mResinC m®mResinD
10,000

9,000 9,000 9,000 9,000

8,000

7,200

6,000

4,000

Bed volumes Treated

2,000

PFOA PFOS PFHxS PFBS PFHxA
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Phase 1.2 Data: Testing a larger EBCT
Bed volumes passed to C/Co of 50%

Longer EBCT delayed the breakthrough of different PFAS

Resin A Resin D
m4 min EBCT 8 min EBCT ®4 min EBCT m8 min EBCT
12,000 12,000
>11,000 >11,000 >11,000 >11,000

© ~9,800 i P
o e ~9,300
8 9.000 | .g 300 T 9,000 ~8,5000 8
k= o
n I_ ~6.800 a@‘?,000
D ~6,500 8 I_' b ~6,500 ~6,500 _c 0o
E 600 ~5,800 £ 6,000 | —— . ' » __
% = :

o) ~4,300
> S j
B o
M 3.000 £ 3,000 |

~a00) <500 |
i M 1. ! | 0 | - | i | W e

PFOA PFHXxA PFBS PFHxS PFOS PFOA PFHxA PFBS PFHxS PFOS
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Phase 1.3: Bench-Scale Destruction by Electro-Oxidation

25,407

25,000
20,000
E 15,000
89 % Total PFAS
g 10,000 Destruction in 24
hours
5,000 4,112
0

720
Treatment time (min)

PFBS PFHxA PFHxS PFOS PFPeA PFPes PFBA PFOA B:2FTS PFHpA 3:3FTCA

PFHpS PFNA PFDA 3:3FTCA  NMeFOSAA  PRNS
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Large-Scale Concept and Results




E2METRIX Units
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Farah Ben , Jacob
Salah v | Hereford
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Columns

-
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lon Exchange Pilot Unit

Train 1 - 3" Ton Exchange Vessels

Pump Pressure
PT-010101

Pump Pressure
PT-010201

0 psi

!

-

Pump Pressure
PT-030101

0.2 psi

& on 4: Productic ine om 0s Pt oduction O om 0s
Mode Control
Vessel Flow Vessel Flow Vessel Flow Vessel Flow Vessel Flow Vessel Flow Feed System
Feed Pumps FIT-020501 ™ FIT-020601 B FIT-020701 FIT-020801 FIT-020901 FIT-0 "l Regen Down
> - = -3
Train 1 - Large IX

Chemical Regeneration 1

Chemical Regeneration 2

Train 1 Setpoints

Train 2 Setpoints

% ’-—‘—-ﬂ \ 2% »——»—— - T % T 0 1 ,-L—', i T
I Tl I Tl 11 I =
Control Valve Control Valve Control Valve Control Valve Control Valve Control Valve - .
FV-020501 FV-020601 | | Fvozo7o1 || Fv-o20801 | FV-020901 FV-021001 [@i s Pump Setpoints
[__wox N wsx QY ws [ ws I e | on EN
S —— S —— S . -
Analysis Setpoints
Flow Setpoint Flow Setpoint Flow Setpoint Flow Setpoint Flow Setpoint Flow Setpoint
FIT-020501-FC1 FIT-020601-FC1 FIT-020701-FC1 FIT-020801-FC1 FIT-020901-FC1 FIT-021001-FC1 Effluent
B—— > >
Advanced

0.110 gpm

0.000 gpm

0.150 gpm

0.180 gpm

0.000 gpm
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Adsorption — Desorption




Regenerable lon Exchange Resin

xxge Water Inlet Regenerant Inlet
XL
When
exhausted,
regeneration is
completed.
—

Treated Water
Outlet

Fresh Resin Bed

Regenerant
Outlet

Exhausted
Resin Bed

Over continued operation, IX resin becomes
saturated with exchanged ions i.e., PFAS
compounds & TOC, leading to exhaustion and
reduced removal efficiency.

Traditionally, exhausted resins have been disposed
by incineration/landfill, and new media is
purchased and loaded.

Regeneration presents a sustainable alternative to
incineration. By pairing with a destruction
technology and treating the chemical waste.

The pilot was to assess regeneration using non-
alcohol solvents with less PFAS selective resins.

The chemical waste contains high concentrations
of PFAS which are destroyed with EZMETRIX’s
Obreak® Electro-Oxidation.
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Resins Tested at Large Scale Pilot

Column # | Column Di. Pore Type | Configuration EBCT
(|n ) (mln)

1 Resin G

2 3" Resin D MP Lead 5

3 3" Resin C MP Lead 5 Resin
Screening

4 3" Resin A MP Lag 5

3) 3" Resin C MP Single-Pass 10

6 3" Resin A Gel Single-Pass 10

7 8" Resin C MP Single-Pass 5

8 8" Resin C MP Single-Pass 5 Regenerant
Solution

9 8" Resin D MP Single-Pass 3)

10 8" Resin D MP Single-Pass 5
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Bed Volumes to 50% PFAS Breakthrough

Resin C 5 min EBCT - C/Co = BV at 50% Resin C 10 min EBCT - C/Co = BV at 50%
12000 Round 1 &[Round 2 S000 Round 1 8{Round 2]
10000 5000
End of round 2 End of round 2
» 8000 m | » 4000 —
g 0
- =
© 6000 = 3000
> =
'8 ©
m 4000 2 2000
2000 II 1000 I I
. | Em EE ; | 1= 1B
PFOS PFOA PFBS PFBA PFPeA PFHxA PFHxS PFOS PFOA PFBS PFBA PFPeA PFHxA PFHxS

» Regeneration was performed between Round 1 and Round 2
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Bed Volumes to 50% PFAS Breakthrough

Resin D 5 min EBCT - C/Co = BV at 50% Resin A 10 min EBCT - C/Co = BV at 50%

12000 12000

10000 10000

¢ 8000 u 8000
£ £
E 3

S 6000 S 6000
@ @

& 4000 D 4000

2000 I I D I I 2000

0 . 0 .
PFOS PFOA PFBS PFBA PFPeA PFHxA PFHxS PFOS PFOA PFBS PFBA PFPeA PFHXA PFHXS
Single-Use

No regeneration
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Post GAC (Inlet to Columns) PFAS Concentrations

(I

« EBCT =~10 min

 GAC was installed for TOC reduction. This was exhausted
very quickly (within 2 weeks).

 GAC was not replaced once exhausted as this would
increase downtime and OPEX.

-
I :Ij

Parameter Unit Value

Total Dissolved Solids mg/L 8600
Total Hardness mg/L 170

TOC Pre GAC mg/L 45-50

TOC Post GAC mg/L 1520
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lon Exchange Desorption

Resin C Regeneration Round 1 vs. Round 2

* Regen 1 - 28% of Total desorbed
m Round 1 were long-chain PFAS
m Round2 ¢ Regen 2 —52% of Total desorbed
were long-chain PFAS
* 35% reduction in desorption
between regeneration 1 and 2
I

160

140

120

100

(0]
o

Thousands
3

Total PFAS Concentration (ppt)
5

N
o

» Consider additional steps to help
improve long-chain PFAS
desorption

Chemical Chemical
Solution 1 Solution 2

ORANGE COUNTY WATER DISTRICT 34



Destruction Testing




How Electro-Oxidation Destroys PFAS

CATHODE -

+ NON SACRIFICIAL ANODE +

Electro-Oxidation

Pass an electrical current through the
electrodes (anode and cathode)

= Non-sacrificial electrodes

Direct oxidation happens at surface of
anode that cleaves the C-F bond

O+ O—
CL-F

Indirect oxidation through other electro-
chemically created oxidants also react
with and break down PFAS in bulk liquid

Operates at ambient temperatures and
low pressures

[J.l F
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Two Approaches to PFAS Destruction

LOW INTENSITY

minutes-to-hours

Electrochemical

Oxidation F F F FF FF F

|/

220

|/

)
S
Z F FFF FFF
[0
<\

Pyrolysis /
FF F

gasification

CO, and F

F FRFR F O
AR

ST OH
OXNE FRFRF o

F F O
NS

N OH
F

ORANGE COUNTY WATER DISTRICT

HIGH INTENSITY

seconds-minutes

FR FRFR F O

F
R o

FFFFF FF F

SCWO
HALT

l ONE STEP

CO, and F-
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Destruction Treatment Technologies

More Preferred

UV Transmittance

Photocat ARP Electro-
Oxidation

Obreak®

High Caloric Waste
Sono HALT SCWO

Organics/Solids Salinity

TSS TDS/Metals

Less Preferred

Source: Survey by CDM Smith, 2024* Modified by OVIVO
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Integrated Solution for Onsite Destruction

CONCENTRATE DESTROY POLISH

Reverse Osmosis . GAC
Olift® Foam Fractionation Obreak® Electro-Oxidation

Regenerable lon Exchange

lon Exchange

sEEmy

._,.gi §:§
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Obreak® Electro-Oxidation Full Scale System

f}.

11
{ |
_(.(
GG
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Destruction Results-Total PFAS

Increase could be PFAS

precursors present

-gg%Destruction
of Total PFAS

PFAS Concentration ( ppt)

2,799
B I T e 325 180
0 SR —— : o T
A80 1440 2160 2880 48 hours

Treatment Time (min) Total treatment time

PFOS PFOA PFBS PFHxS PFBA PFHxA PFPeA PFPeS PFHpA 5:3FTCA 6:2FTS

41
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Total Oxidizable Precursor Assay (TOP Assay)

TOP Assay is a measurement of oxidizable
PFAS precursors. Useful tool to understand
the “actual” presence of PFAS.

LC/MS/MS Precursors

PRE POST PRE POST
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15,000

10,000

PFAS Concentration ( ppt )

5,000

TOP Assay — Regenerant Solution

Regenerant Solution - Untreated

18,490

16,643

Pre-Oxidation Post-Oxidation

PFHxA

PFPeA

PFBS PFPrA PFBA PFHxS PFOA PFOS PFHpA  5:3FTCA PFPeS 6:2FTS

PFEESA

PFNA

PFOSA NMeFOS... NMeFOSA  PFDoS PFNS PFHpS

ORANGE COUNTY WATER DISTRICT

Did not see precursors
from TOP Assay of
regenerant solution.

Could be interference from
the matrix itself.

Continued on-going testing
to confirm the presence of
precursors.
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Destruction Results — Long-chain

PFAS Concentration ( ppt)

Treatment Time (min)

PFOA PFHpA PFOS MNEtFOSAA NEtFOSE PFNS PFOSA NEtFOSA 11Cl-PF30.. PFECHS
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Destruction Results — Short-chain

35,000 e Gimiliar trend to the total PFAS

31,186 graph due to the high

compounds and destruction
kinetics.

—

15,000 e
11,787

-99%Destru ction of
... Short-chain PFAS
2,773

o HNN_N N e 25 180
0 180 480

1440 2160 ame
Treatment Time (min)

PFBS PFHxXS PFBA PFHxA PFPeA PFPeS 5:3FTCA 6:2FTS

PFAS Concentration ( ppt

10,000
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Destruction Results — TOC & Byproducts

300

250

c
(®)
'-g 200
1=
3% 150
S E
(&)
O 100
o
|_
50
0
0 2880
Treatment Time (min)
@ TOC (mg/L)
I (gt ol . It is possible to dose approved
Perchlorate (mg/L) 1 3,200 chemicals to reduce perchlorate
formation
Chloride (mg/L) 21,000 7,300
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Destruction Results — Energy

99% PFAS
3.0~ Destruction
2.59
= 25 98% PFAS
o Destruction Selecting an efficient
S 2.0 e treatment time
&‘G‘_J 85% PEAS includes balancing
% ' 127 energy usage.
=
~ 1.0 -
=
20
Q
c 041
& 0.5 ;
0.17
0.00 ¢
0 180 480 1440 2160 2880

Treatment Time (min)
® Energy consumption
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Lessons Learned

« Heavy competition with TOC
+ Less selective resins chosen that are
potentially more regenerable without the use
of alcohol solutions.
* Long Analytical TAT
- Difficult to make operational decisions quickly
- Biofouling — green growth in the tubing and
cartridge filters.
+ Added UV to reduce biofouling

« Plugging / air bubbles in columns = more
troubleshooting

ORANGE COUNTY WATER DISTRICT 48




Conclusions & Next Steps

« PFAS in regenerant solution can be destroyed by EO effectively, best performance with Resin C.
« Regeneration of IX with an inorganic regenerant solution is possible but more refinement is
needed for improved desorption of long-chain PFAS compounds.
Current media life is ~4-6 weeks which is quick compared to a cleaner matrix like
groundwater.
* Next steps include:

Compare total mass balance from Regen and Single Use Columns to ensure regen process is
economical.

Calculate theoretical cost to use EO technology with RO Concentrate.
Consider trialing the Foam Fractionation process and comparing with EO calculations.
Complete final data analysis and develop the final report to USBR.

Stay tuned for this report and future journal publications!
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Thank You!

Dr. Meeta Pannu
Senior Scientist
Orange County Water District
mpannu@ocwd.com

Zia Klocke, P.E.
Product Manager
E2METRIX Stay informed
ocwd.com 18700 Ward St. @9CWaterDistrict
(714) 378-3200 Fountain Valley, CA 92708 fOINGd XD
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Questions?
Use the Q&A box to submit your question

ORANGE COUNTY WATER DISTRICT



Thank You!

Webinar recording will be posted on
OCWD'’s YouTube channel.

Please send any follow up questions to:
iInfo@ocwd.com

Sign up for OCWD’s newsletter to stay
informed of the latest news & events.

Let's get social: § © in J* @ X
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