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Federal PFAS Regulatory Landscape @ortland

Federal EPA - PFAS Strategic Roadmap

A multiyear roadmap developed by the Federal EPA highlighting concrete actions the Agency will take across a range of environmental media and EPA
program offices to protect people and the environment from PFAS contamination

2024 Actions 2025 Update
Resource Conservation and Recovery Act (RCRA)
February 2024, the EPA proposed list nine PFAS compounds as hazardous constituents In April 2025, the EPA announced Major Actions to combat PFAS
under RCRA. contamination, including:
Safe Water Drinking Act (SWDA) * Advancement of many PFAS initiates of the previous administration.
April 2024, the EPA established an MCLs for 6 PFAS and a Hazard Index for certain PFAS
mixtures. * Develop effluent limitations guidelines (ELGs) for certain discharges.
Comprehensive Environmental Response, Compensation, and * Leverage TSCA, RCRA, the SDA, and other environmental statutes to
) ’

ddress PFAS contaminati
Liability Act (CERCLA) address contamination

In April 2024, the EPA finalized a rule under CERCLA to designate PFOA and PFOS as
hazardous substances.

e Seeks relief for Passive Receivers and Small Businesses

Interim Guidance on the Destruction and Disposal of PFAS and
Materials Containing PFAS

The April 2024 update presents currently available information on the destruction and
disposal of PFAS and PFAS-containing materials.




State Take Lead in PFAS Regulations @\eortlond

Example State Actions:

e States Submit petition to USEPA to list certain PFAS as Hazardous Air Pollutants under Section
12 of the Clean Air Act: NJ, NM, NC — August 29, 2024

e Existing Bans on Land Application in CT, ME, VT . -r ) ’
.L.- Nt K
3

 Newly proposed state bills (NY, OK examples): -
L " .
’.I-l’»%

WSt

N\
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e NYS5759 - would establish a 5-year
moratorium on the land application of biosolids

* OK SB3 — would prohibit land application of
Sludge and biosolid material on and after July 1, 2027

* Nearly 30 states have PFAS drinking water rules either in place or proposed




Targeted Compounds (focus on regulated PFAS) @ortland

State Air Regulations

N Existing Limit? Pmpgz;‘l CAA

PFOA MCL: 4 PPT Haz. Substance Proposed Haz. Constituent Yes Yes

PFOS MCL: 4 PPT Haz. Substance Proposed Haz. Constituent Yes Yes

PFNA MCL: 10 PPT* Proposed Haz. Constituent Yes
PFHxS MCL: 10 PPT* Proposed Haz. Constituent Yes

HFPO DA (Genx) MCL: 10 PPT* Proposed Haz. Constituent Yes Yes
PFBS Haz. Index* Proposed Haz. Constituent Yes
PFBA - Proposed Haz. Constituent Yes
PFHxA - Proposed Haz. Constituent Yes

PFDA - Proposed Haz. Constituent Yes



@Qrtland

Onsite Landfill Leachate Management

* Traditionally most Landfills have discharged Leachate to Publicly Owned Treatment Works (POTW)

e Landfills are turning to On-Site Treatment as PFAS regulations evolve

 POTW:s do not treat PFAS

e Onsite treatment = Risk reduction

e Landfills are “in control of their own destiny”
* Reduces trucking and associated risks

* Establish cost certainty

DIVE BRIEF

Groups urge New York DEC to require
on-site landfill leachate treatment

They say toxic pollutants like PFAS are released into drinking water through the
practice of shipping leachate for disposal in wastewater treatment plants ill-equipped

to handle the contaminants.
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Two breakthrough technologies drive Heartland’s innovation @Grﬂ@nd

HelioStorm™ Reformer
Ultra-high temperature
ENUERIUESS

Heartland Concentrator™
Direct-contact evaporator

Reclaiming energy and other
renewable resources from waste
feedstocks like biosolids

and plastics

Evaporating difficult-to-treat
wastewater within landfill and
energy sectors

— Robust technology with track record
— Multi-purpose, ultra-high temperature, O e (BRI BmETER voi el ey
electric-driven, scalable and distributed leading customers

technology — Assured PFAS Separation™

— Assured PFAS Destruction™ - First installation in 2009 (still

operating)

— 20 years in development at Idaho

National Labs

Transforming waste to energy & eliminating the hardest to . .
Treating the most challenging wastewaters

destroy chemicals

Confidential




The Heartland Concentrator —
Leachate Evaporation Technology

1. Heat Source
2. Induced Draft Fan
3. Waste Heat Transfer System

4. Evaporation Zone

, . 5. Feed and Recirculation
Left: Process fluids as they exit

the concentrator.
6. Mist Eliminator

Right: Solids accumulating in a

settling tank. Liquid recycled
back to the concentrator. 7. Sump and Blowdown

. Exhaust
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Evaporator Design Features Leading to PFAS Separation into Residuals @eortland

Operational pH:

— Leachate evaporators operates in a pH range of 6.5 to 8.5. Within this range, most PFAS
are in ionic form (low volatility, more soluble), and remain in the concentrated liquid
residuals.

Operational Temperature:

—~ 140-160°F result in efficient evaporation while maintaining temperatures well below
the boiling point PFAS compounds, avoiding PFAS volatilization.

Evaporation Zone Design:

-~ Large “macro-droplets” are reduced to smaller droplets in a highly wetted evaporation !
zone.

—~ Avoids spray drying, a process that involves rapidly drying a liquid or slurry at high
temperatures at which PFAS could be volatilized.

High Efficiency Mist/PM Elimination:
S o ) Mist elimination system
> Minimizes PFAS vapor emissions from PM and airborne droplets/aerosols

-~ Removes liquid & PM droplets from vapor stream

- Removes PFAS associated with droplets/PM

Confidential 11
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Concentrator PFAS Sampling Locations

Sampling Location

Infeed — EPA 1633

Residuals — EPA 1633

Stack — OTM-45

Ground Level
Amb. Air Samples

Confidential




Commercial Site 1

e Landfill Leachate: ~96% volume reduction (~25x

C.F)

e 50,000 GPD Feed Rate

e Landfill Gas Energy Source

Landfill Leachate - Site 1

PFAS Liquid Feed & Residuals Sampling Results — 2 Case Studies

Commercial Site 2

. System System
Target PFAS Unit zee y Reé’i ol
PFOA ng/l 1,145 28,950
PFOS ng/l 219 7,025
PFBS ng/l 466 11,550
PFHXS ng/l 908 23,650
PFNA ng/l 58 1,735
PFBA ng/l 1,505 35,700
PFHXA ng/l 1,995 43,650
HFPO-DA ng/l <2.85 <475
PFDA ng/l 10 337
Total ng/l 6,296 152,597

24.2x Concentration Factor

@\eortland

* Landfill Leachate: ~94.2% volume reduction (~17.2

C.F)

e 25,000 GPD Feed Rate

* Natural Gas Energy Source

Landfill Leachate - Site 2

. System System
Target PFAS Unit gee y Re;’i s
PFOA ng/l 1,900 34,380
PFOS ng/l 330 5,660
PFBS ng/l 10,000 174,580
PFHxXS ng/l 1,100 20,707
PENA ng/l 99 1,890
PFBA ng/l 1,500 35,850
PFHXA ng/l 8,500 125,910
HFPO-DA ng/l <200 1,600
PFDA ng/l 70 1,330
Total ng/l 23,429 401,907

17.2x Concentration Factor

FR

Third party review by HDR, Inc.



PFAS Mass Balance Summary - 2 Case Studies

Site# 1 Site # 2

Leachate System Leachate System
Target PFAS Feed Residuals Feed Residuals
Ib/hr Ib/hr lb/hr Ib/hr
PFOA 0.000021 0.000021 0.000017 0.000017
PFOS 0.000004 0.000005 0.000003 0.000003
PFBS 0.000009 0.000009 0.000087 0.000087
PFHXS 0.000017 0.000018 0.000010 0.000010
PENA 0.000001 0.000001 0.000001 0.000001
PFBA 0.000028 0.000027 0.000013 0.000018
PFHXA 0.000037 0.000032 0.000074 0.000064
HFPO-DA <0.000001 <0.000001 <0.000002 <0.000004
PFEDA 0.0000001 0.0000001 0.000001 0.000001
Total 0.000115 0.000113 0.000204 0.000203
Precursors (Total) 0.000005 0.000008 0.000007 0.000009

FR

Third party review by HDR, Inc.

@ortland

Summary

Site 1: ~1.8% difference between the mass of
PFAS entering in the raw leachate and exiting
in the system residuals

Site 2: ~ 0.8% difference between the mass of
PFAS entering in the raw leachate and exiting
in the system residuals

Note — similar results observed on 3
additional case studies



@\eortland

Ambient Air Sampling Show Non-Detect Results

Compound PFBA PFHxA PFOA PFBS PFHxXS PFOS

 Samples collected at 50ft. & 500 ft.

downwind Ambient Air Sampling Results (ug/m?)
e  ORBO-1500 XAD-2 media. Results - 50 ft. / 500 ft. ND / ND* ND/ ND ND/ ND ND / ND ND/ ND ND/ ND
Down Wind (<0.00039) | (<0.000034) | (<0.00003) | (<0.00001) | (<0.000036) | (<0.000021)

* 5-liter per minute sampling pump,

State Ambient Air Screening Level/Standard (ug/m°)

Confidential

24-hr period.

Michigan 24-hr 0.0001 0.0004

 Samples analyzed for OTM-45

parameters New York Annual 0.0053

Wi . 24-hr 10.0 0.5 0.1 0.030 0.034 0.011
All PFAS were below detection Innesota M annual 10.0 0.5 0.1 0.030 0.034 0.011
limits 1-hr 0.050 0.1

Texas
Annual 0.005 0.01
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@eortland

Dispersion Modeling — Purpose and Background

* Purpose - to evaluate theoretical ground level ambient air PFAS
concentrations from the Concentrator and to compare modeled
concentrations to establish state-based limits/screening levels

e AERMOD is air emission model that incorporates various aspects of
actual meteorological data and site- specific terrain elements

e Preferred model by the U.S. EPA for determining near-field
ambient concentrations (or “ambient impacts”) resulting at
ground level from a stationary source

Modeling completed by Cornerstone Environmental Group, LLC, subsidiary of Tetra Tech, Inc.

Confidential 18



@\eortland

Dispersion Modeling — Key Assumptions

e Key Modeling Assumptions

e Site Locations — (3) Separate Landfills in Michigan
 Treatment System Capacity - 50,000 Gallons-per-day Concentrator (each site)

* Feed to Concentrator System — Leachate with PFAS concentration profiles from
Case studies 1 and 2

*  PFAS in Vapor Stack (emission rate) - Assumed to be 10% of the feed PFAS in the
evaporator exhaust (Conservative since Case Studies show <1% total difference in
PFAS on average).

AS S §



Dispersion Modeling - Methodology

Modeling Stack Parameter Value

Stack Height 40 feet
Stack Diameter 48 inches

Temperature 166 F

Exhaust Flow 40,000 acfm
Exhaust Velocity 53 feet/sec

e Conditions modeled

1.

2.

Confidential

Concentrator location — up to 3 locations at each Facility

Topography — Various elevations based on local topography of each Facility

Meteorological data — 2-year data (pre-processed by Mi EGLE-AQD to meet

USEPA quality assurance requirements)

Averaging period — impact results determined for 1-hr, 8-hr, 24-hr, and annual

averaging periods

mmm——————
:NDF!TH bl
1

@\eortland

WIND SPEED
(mis)

[ ==1t10
B :=s0-1110
Il s70-880
B :c0-570
[] 210-380
] oso-2.10

Calms: 0.70%

Model Facility 1 - West Michigan
Z-Year Windrose
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Model Facility 2
(Southwest MI)

S S RS

- 1 System Location HWT L1,
L2, L3

- 6.0 x 6.0 km Receptor Grid

- 25-m spacing Prop. Line &
15t Tier

- Elevated Terrain

UTM East [m)] g__ﬂnl
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Model Facility 3
(Middle M)

+
.
.
+
.

+
“
i
.

- 3 System Locations HWT L1,
L2, L3

- 7.0 x 7.0km Receptor Grid

- 25-m spacing Prop. Line &
15t Tier

- Elevated Terrain

Confidential 23



Dispersion Modeling Results - Facility 1
Comparison to Michigan ITSLs

@OI’UOD@

Ambient Air
Standard

(MI EGLE AQD

Initial Threshold

Ambient Air
Modeled Impact
(Max Ground Level

Compound 3
i Screening Level ITSL)? Concentration)
24 hr Annual 24-hr Annual
(pg/m®) (pg/m®) (pg/m®) (ug/m’)
Perfluorobutanoic acid PFBA -- 10 -- 0.00000036
Perfluorohexanoic acid PFHXA -- 2 -- 0.0000019
Perfluorooctanoic acid PFOA 0.0001 -- 0.000007 --
Perfluorononanoic acid PFNA 0.01 -- 0.0000003 --
Perfluorodecanoic acid PFDA -- 0.05 -- 0.00000002
Perfluorobutanesulfonic acid PFBS 1.05 -- 0.000035 --
Perfluorohexanesulfonic acid PFHXS 0.03 -- 0.000004 --
Perfluorooctanesulfonic acid PFOS 0.0004 -- 0.000001 --
Hexafluoropropylene oxide dimer acid HFPO-DA -- 0.27 -- 0.00E+00

! Assumes that 10% of the inlet PFAS mass to the evaporator exits the exhaust stack (Non Detect = 0.00 Ib/hr).

2 |ITSLs for PFOA and PFOS are included in the AQD ITSL listing on the AQD's Air Toxics webpage. The other ITSLs listed in this table were
developed for a recent air permit application, but, as of yet, are not included in the AQD Air Toxics webpage.

> This tables displays the maximum impact results of 3 modeled locations and 2 PFAS data sets.

* All Results highlighted in green are compliant with Michigan Rule 225.



Dispersion Modeling Results - Facility 2
Comparison to Michigan ITSLs

Ambient Air
Standard

(MI EGLE AQD

Initial Threshold

Ambient Air
Modeled Impact
(Max Ground Level

Compound .3
i Screening Level ITSL)? Concentration)
24 hr Annual 24-hr Annual
(Hg/m®) (Lg/m®) (pg/m’) (Hg/m®)
Perfluorobutanoic acid PFBA -- 10 -- 0.00000042
Perfluorohexanoic acid PFHxA -- 2 -- 0.0000023
Perfluorooctanoic acid PFOA 0.0001 -- 0.000009 --
Perfluorononanoic acid PFNA 0.01 -- 0.0000005 --
Perfluorodecanoic acid PFDA -- 0.05 -- 0.00000002
Perfluorobutanesulfonic acid PFBS 1.05 -- 0.000049 --
Perfluorohexanesulfonic acid PFHXxS 0.03 -- 0.000005 --
Perfluorooctanesulfonic acid PFOS 0.0004 -- 0.000002 --
Hexafluoropropylene oxide dimer acid HFPO-DA -- 0.27 -- 0.00E+00

' Assumes 10% of the inlet PFAS mass to the evaporator exits the exhaust stack (Non Detect = 0.00 Ib/hr).

% |ITSLs for PFOA and PFOS are included in the AQD ITSL listing on the AQD's Air Toxics webpage. The other ITSLs listed in this table were
developed for a recent air permit application, but, as of yet, are not included in the AQD Air Toxics webpage.

* This tables displays the maximum impact results of 2 PFAS data sets.

* All Results highlighted in green are compliant with Michigan Rule 225.
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Dispersion Modeling Results - Facility 3
Comparison to Michigan ITSLs

Ambient Air
Standard
(MI EGLE AQD
Initial Threshold

Ambient Air
Modeled Impact
(Max Ground Level

Compound . \3
g Screening Level ITSL)? Concentration)
24 hr Annual 24-hr Annual
(Hgm) | (ugm’) (bg/m’) (bg/m’)
Perfluorobutanoic acid PFBA -- 10 -- 0.00000029
Perfluorohexanoic acid PFHXA -- 2 -- 0.0000016
Perfluorooctanoic acid PFOA 0.0001 -- 0.000006 --
Perfluorononanoic acid PFNA 0.01 -- 0.0000003 --
Perfluorodecanoic acid PFDA -- 0.05 -- 0.00000001
Perfluorobutanesulfonic acid PFBS 1.05 -- 0.000032 --
Perfluorohexanesulfonic acid PFHXS 0.03 -- 0.000004 --
Perfluorooctanesulfonic acid PFOS 0.0004 -- 0.000001 --
Hexafluoropropylene oxide dimer acid HFPO-DA -- 0.27 -- 0.00E+00

! Assumes 10% of the inlet PFAS mass to the evaporator exits the exhaust stack (Non Detect = 0.00 Ib/hr).

2 |ITSLs for PFOA and PFOS are included in the AQD ITSL listing on the AQD's Air Toxics webpage. The other ITSLs listed in this table were
developed for a recent air permit application, but, as of yet, are not included in the AQD Air Toxics webpage.

> This tables displays the maximum impact results of 2 PFAS data sets.

* All Results highlighted in green are compliant with Michigan Rule 225.
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Dispersion Modeling Results — All Facilities Summary @g;ﬂgnd
Comparison to State Limits

Compliance Analysis Results for Maximum Evaluated Emission Rates
Compared to Various State Agency Allowed PFAS Air Concentrations
S Ambient Air
ax rourly Most Stringent State
Emission ) g Modeled Impact % of Standard
R Ambient Air Standard (Max Ground Level Concentration -
Compound ate -
All Facilities)
L 1hr 24 hr Annual 1-hr 24-hr Annual
(Ib/hr) ; ; ; 5 , , 1hr 24 hr Ann.
(Mg/m) | (ug/m’) | (ug/m’) | (ng/m’) | (pg/m’) (Hg/m’)
Perfluorobutanoic acid PFBA 0.0000028 -- 10 10 -- 0.0000078 | 0.0000004 -- 0.0001% | 0.000004%
Perfluorohexanoic acid PFHxA 0.000015 -- 0.5 0.5 -- 0.000042 | 0.0000023 -- 0.008% | 0.0005%
Perfluorooctanoic acid PFOA 0.0000033 0.05 0.0001 0.005 0.00002 | 0.0000093 | 0.0000005 | 0.05% 9.3% 0.01%
Perfluorononanoic acid PENA 0.0000002 -- 0.01 -- -- 0.0000005 - -- 0.005% --
Perfluorodecanoic acid PFDA 0.0000001 -- -- 0.05 -- -- 0.00000002 -- -- 0.00004%
Perfluorobutanesulfonic acid PFBS 0.000017 -- 0.03 0.03 -- 0.000049 | 0.0000027 -- 0.16% 0.01%
Perfluorohexanesulfonic acid PFHxS 0.0000019 -- 0.03 0.034 -- 0.0000054 | 0.0000003 -- 0.02% 0.0009%
Perfluorooctanesulfonic acid PFOS 0.0000006 0.1 0.0004 0.01 0.000004 | 0.0000016 | 0.0000001 | 0.004% 0.40% 0.0009%
Hexafluoropropylene oxide | .oy 1) | 00E+00 . - 0.27 - . 0.00E+00 - - 0.00%
dimer acid

"Hou rly emission rates are based onthe highest rate from either Case Study 1 or 2, 50,000 GPD treatment basis.

2All Results highlighted in green are compliant with the most stringent State standard.

Michigan
Minnesota
Texas




Dispersion Modeling - Summary @\eortlond

* All modeled results were substantially below Michigan and other State-based
allowable ground level PFAS concentrations Levels

e Maximum single impact — PFOA (0.0000093 pg/m3) was 9% of Mi. ITSL of 0.0001 pg/m3

* All other impacts <1% of State limits, most were several orders of magnitude below
limits

Confidential 28
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Concentrator Residuals — Disposal within Landfills @eortlond

* Concentrator Residuals can be recirculated and sequestering from the environment within the landfill.
Typical volume — 1,500 to 3,000 gallons

* Interim Guidance on the Destruction and Disposal of Perfluoroalkyl and Polyfluoroalkyl Substances
and Materials Containing Perfluoroalkyl and Polyfluoroalkyl Substances — (2024)

*  “Most modern MSW landfills, when constructed and operated with appropriate controls (e.g., a
flexible membrane liner system and leachate and LFG collection and management systems), can
also help contain PFAS™

Confidential 30



Residuals Disposal in Landfill showing Negligible Cyle-up Over 20 Years @\eortlond

8000 1 2005 - Submerged 1 2015 - Remove submerged
H Combustion ! combustion evaporator; 5-Year Average
1 Evaporator Installed 1 installed HWT Concentrator : B g
< 7000 1 ] o Concentrations (mg/l)
! o
C\D I I ¢ ) Years (TT?J)
g 6000 | | : 2005 - 2009 | _3.466 Summary:
~ ! ° ] 2010-2014| 2,515
S 5000 | : 2015-2020| 3,581
o | I 2002 - 2023 | 3,380
= : : From 2005 to present, the
= 4000 1 e : evaporator residuals were
% : H recirculated to the landfill’s
= 3000 | ! g9 i ° e TDS open face.
1
8 2000 : _ TDS and Chloride levels have
: ° ° i o ® Chloride fluctuated but show no sign of
1000 i ! o elevated concentration. PFAS is
: | anticipated to behave similarly.
o ! !

10/10/2004  7/7/2007 4/2/2010  12/27/2012 9/23/2015 6/19/2018  3/15/2021 12/10/2023

Date
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Residuals S/S Testing Demonstrates High PFAS Retention

U - d c U - : -
A ang Oocatio
AEILIETL SPLP Leachate % PFAS Retained
[Parameter Conce'n‘t rat‘e Concentration (Post-Stabilization)
(pre-stabilization)

ng/l ng/| %
[Perfluorobutanesulfonic acid (PFBS) 31,000 55.5 96.4%
|Perf|uorobutanoic acid (PFBA) 45,000 91 96.0%
|Perf|uorodecanoic acid (PFDA) 1,050 2.4 95.4%
|Perf|uorohexanesu|fonic acid (PFHxS) 2,600 7.1 94.6%
|Perf|uorohexanoic acid (PFHxA) 42,500 81 96.2%
|Perf|uorononanoic acid (PFNA) 585 2.3 92.1%
|Perf|uorooctanesu|fonic acid (PFOS) 4,150 12.8 93.8%
|Perf|uorooctanoic acid (PFOA) 11,700 36 93.8%
[HFPO-DA (GEN X) ND ND ND

total 138,585 288 95.8%

Confidential

High PFAS Retention

@\eortland

SPLP = Synthetic Precipitation
Leeching Procedure

Notes:

- Testing conducted using various cement-
based products. Reported results are top
performing blends, dosed at ~1:1 stabilizer
to concentrate by mass.

- Testing was also conducted using a
proprietary hydrating polymer solidification
product, retention ranged from 70 — 90%.



Residuals Destruction

Concentrator™ residuals well suited for PFAS
destruction technologies

e Destruction technologies are most efficient at
treating low volume/high concentration PFAS
streams such as Heartland Concentrator™
residuals

Emerging Destruction Technologies applicable

* Plasma Synthesis Reformer, electrochemical
advanced oxidation, supercritical water
oxidation, pyrolysis/gasification, hydrothermal
alkaline treatment

Confidential

HelioStorm™

@eortlcmd

See Federation of NY Solid Waste
Associations Conference Presentation:

“Biosolids Conversion and
Assured PFAS Destruction”



@eortlond :

The future of
waste is here.

Contacts

Travis Smith, PE
tsmith@oneheartland.com




