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TLDR:
Removing and Destroying PFAS at 

Minnesota Municipal Water 
Wastewater Facilities is 

Unaffordable



How much money are we talking?
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MN needs $5.3 
Billion needs to just 

maintain current 
wastewater 

infrastructure

Table ES-2 Summary of estimated 20-year costs for managing PFAS in targeted waste 
streams in Minnesota111 

Municipal WRRF 
283 0.1-300 MGD 

effluent13l 
$12,000-$25,000 

Municipal WRRF 
1 regional 50 dry tons of wastewater solids 

biosolids14l 
facility, plus 50 per day (dtpd) regional facility, 

on-site faci lities on-site for 1-10 dtpd 

$1,600-$3,300 

Mixed MSW landfill 
24 1- 100 gpm 

leachatel5l 
$77- $160 

Compost contact water16l 9 1- 100gpm $28- $60 

Undefined 
Wastewater 
Treatment, 
$10.00, 0% 

Treatment, 
$1,685.78, 32% 

Advanced 
Treatment, __,--­

$504.69, 10% 

Sewer system 
piping, $3,069.48, 

58% 



Study Questions
1) How do you treat and destroy PFAS in wastewater and biosolids?

2) What are the costs?
3) Are the costs affordable?
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1)With currently available technologies

2) To low levels (e.g. non-detect)



Municipal PFAS Use, Disposal, and Targeted Municipal Waste Media
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PFBA

PFBS

PFHxS

PFOA

PFOS
PFOSA
6:2 FTS
N-EtFOSAA
N-MeFOSAA

Target PFAS

PFAS-containing 
products, 

potable water 

homes and 
businesses 

municipal PFAS cycle 

utility/ind ustria I 
discharges air emissions 

compost 
collection 

composting 
facility 

municipal 
wastewater 

mixed 
municipal 

solid waste 

mixed municipal 
solid waste 

landfill 

compost 
contact water 

land application 

landfill leachate 

~ Flow of water and materials 
~-------,✓ (arrow shade reflects re lative PFAS concentration) 

1 n 
water resource 
recovery facility 

(WRRF) 

- Waste streams targeted for PFAS removal in this study 

treated 1ml 
effluent I 

~ n; 
:::::-:::-: 



Why are PFAS so expensive to treat?
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Detroit Lakes WWTP

• PFAS are bad for engineers 
• Slippery
• Indestructible
• Cannot biodegrade
• Partition weirdly
• Have low treatment 

targets
• Are always present

You can buy bulk 
PFAS for $50-1000 

per pound

Phosphorus can be 
treated at $40-60 

per pound

Municipa l WRRF faci lity size 0.1 MGD 1 MGD 10 MGD 

$1 8.1 M $6.8M $2.7M 

Municipa l WRRF biosolids production 1 DPTD 10 DPTD 

$2.7M $1 .0M 

Municipal landfi ll facil ity size 1 GPM 10 GPM 100 GPM 

$12M $1 .4M $0.40M 

Composting facility size 1 GPM 10 GPM 100 GPM 

$39M $4.SM $1 .3M 



On why engineers are Debbie downers
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So much high 
quality PFAS 

treatment research 
at the lab and pilot 

scale!!!

State of PFAS 
treatment research
(where practicalities can’t be 

ignored)

_ Go gle Scholar 

Articles 

PFAS treatment II 
Aboul 38.800 results (0.08 sec) 

ologies for PFAS contaminated 

. PFA S precursors and 
ultra-short chain PFAS in \NWTPs. Most \NWTPs exhibited low removal efficiencies for PFAS ... * Save 00 Cite Cited by 133 Related articles All 4 versions 

Physico-chemical processes for the treatment of per-and polyfluoroalkyl 
substances (PFAS): A review 
~.M.J:&fili. -Critical Reviewsin .. , 2019-Taylor&Francis 

... physic-chemical trea tm ent processes for PFAS .. treatment technologies for PFA S destruction. 
For example, Vecitis, Park., Cheng, Mader, & Hoffmann (2009) summarized the treaunen1 * Save 00 Cite Cited by 157 Related articles All 5 versions 

Funding/Investment 

Private sector 
Government and 

: LI --un!!!!!!!!!!ive!!!!!!!!!!rait!!!!!!!!!!ies~ ~I ~~GA~P:2t'~ :!c::~======~::!...__~ ~ 
Innovation process 

Basic 
manufactunng 

research 

Proof of 
concept 

ProductJon 
in 

laboratory 

Capacity to 
produce 

prolotype 

Source: GAO adapted from Executrve Office of the President. I GA0-21 -202 

Capablfltym 
production 

environment 

DemonstratJon 
of product/On 

rates 



Assembled Alternatives Passing to Preliminary Design

Waste Stream Liquid Separation 
Process

Sorption Separation 
Process 1

Sorption Separation 
Process 2

Destruction 
Process

Municipal 
Wastewater

GAC HTI/reactivation
AIX HTI
GAC AIX HTI/reactivation

RO GAC AIX HTI/reactivation

Municipal 
WW Biosolids

SCWO

Pyrolysis + TO
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None of these technologies currently in use in Minnesota for targeted waste streams.
RO = RO membrane separation, GAC = granular activated carbon, AIX = single-use anion exchange, HTI = high-temperature 

incineration, SCWO = supercritical water oxidation, TO = thermal oxidation



Wastewater flow diagram to treat PFAS
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WRRF 
influent 

Biochar to landfill 
or beneficial reuse 

Offs ite P FAS 
destruction 

Effluent to 
discharge 



What do these technologies look like?
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Metro plant would 
need >450 of these 

60,000 lb GAC 
vessels

Pyrolisis/gasification 
facility

60,000 ton/year high-temp incineration 
for sorption media from liquid treatment 

(For about 130 MGD from WRRFs) 
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Capital Costs Highest to Lowest
• GAC + AIX
• RO + GAC+ AIX
• AIX
• GAC
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Are these Wastewater treatment and destruction costs 
affordable? 
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Current WW rates 
are affordable
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What about biosolids and PFAS?
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PFAS Source Reduction is the key

• Minnesota legislature passed a 
non-essential PFAS Ban!

• MPCA working on source 
reduction measures

• Statewide PFAS sampling efforts

• Funding of source reduction 
efforts

22
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