ssociated B
MANAGED
@Engmeermg COMPANIES

PFAS In blosohds

Recent developments, impacts and treatment

José R. Bicudo, Ph.D, P.Eng.

2023 National Water and Wastewater Conference
November 13,2023



—

What are PFAS?

* Formerly called “perfluorinated compounds” (“PFCs”)

* Family of anthropogenic chemicals used for decades to make products resistant
to heat, oil staimns, grease and water

* Also know as “forever chemicals”

 Arecent Health Canada biomonitoring study said 98.5 per cent of Canadians

have PFAS in their blood
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PFAS Milestones

First US. EPA Significant New

Use Rule directed at PEAS Major US, European and Japanese
manufacturers agree to phase out PFOS and
Voluntary stop to production of PFOA and PFOA production
PFOS announced by major manufacturer US. EPA Lifetime Health Advisory of 200 and 400
Environmental issues assodiated nanograms per liter for PFOS and PFOA,
with PFOA discovered respectively
Large public water systems begin testing for six
Accidental discovery of PTFE by DuPont chemist specific PFAS under UCMR3
atamplng vesserci Kits ewIEigeraes US. EPA LHA for PFOS and PFOA (individually or
Commercial manufacturing of PFOA begins CD'T"P'"EdJ revised downward to 70 nanograms
per liter
DuPont begins commercial manufacturing of First US. EPA PFAS Action Plan
Teflon using PFOA as a processing aid
US.EPA PFAS Task Force formed
Accidental discovery of Scotchgard by 3M lab \ .
assistant when PFOS was spilled on a shoe US. EPA PFAS Roadmap published
Interim draft Health Advisory Limits
AFFF incorporating PFAS for PFOA, PFOS, HFPO-DA, and
chemistry developed / PFBS announced
I . \.' ) T ! i
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PFAS Families

L I

Perfluoroalkyl Substances Polyfluoroalkyl Substances
' I
| | | |
Perfluoroalkyl acids (PFAAS) Fluorotelomer-based substances Fluoropolymers
i Perfluoroalkane Perfluoropolyethers (PFPE)
Perfluoroalkyl carboxylic acids/
Perfluoroalkyl carboxylates (PFCAs) sulfonamido substances
Side-chain fluorinated polymers
Polyfluoroalkyl ether carboxylic acids

Perfluoroalkane sulfonic acids/
Perfluoroalkane sulfonates (PFSAS)

Perfluoroalkane sulfonamides (FASAS)
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More PFAS Compounds

Sub-classes of PFASs Examples of Number of peer-reviewed
Individual compounds* articles since 2002**
© PFBA (n=4) 928
© PFPeA (n=5) 698
© PFHxA (n=6) 1081
o PFHpA(n;?) 1186
© PFOA (n=8) 4066
PFCAs- © PFNA (n=g) 1496
© PFDA (n=10) 1407
(Cn n+ COOH) © PFURA (n=m) 1069
© PFDoA (n=12) 1016
o PFTrA (n=13) 426
O PFTeA (n=14) 587
© PFBS (n=4) 654
PESAs - © PFHxS (n=6) 1081
o PFOS (n=8) 3507
C.F SO H o PFDS (n=10)
fl Iyl acid CoFann &
pertiuoroalkyl acias - © PFBPA (n=4) 3 R
(PFAAS) PFPAs - o PFHxPA{Iﬂ;}S} 23 eCent repOrtS
© PFOPA (n= Kh|
(C5Fone—POH,) © PFDPA (n=10) 35 .
e inventory of more
© C4/C4 PFPIA (nm=4) 4
PFPiAs - © C6/CE PFPIA (n,m=6) 12
© C8/C8 PFPIA (n,m=8) 12 h 7 OOO d
(CoFanp—POH=C F. ) © CH/C8 PFPIA (n=6,m=8) 8 t an 9 CO| | IpOUﬂ S
© ADONA (CF,=0~C,F¢~0~CHFCF,~COOH) 4
> © GenX (C,F,~CF(CF]~COOH) 26
PFECAs & PFESAs© © EEA(C, F ?o—c Fa—o CF,—COOH) &
(CI"IFZIH—'I -0- Cm!:2m+'| R) o F-SBB(C? CﬁF.,—O CF, 50 JH) 14
© MeFBSA (n=4,R= N[CH;)H) 25
© MeFOSA (n=8 R=N{CH,)H) 134
© EtFBSA (n=4,R=N(C,HH) 7
BEih PASF-based O ELFOSA (n=8 R=N(C,H,)H) 259
50 bk © MeFBSE (n=4,R=N(CH,)C,H OH) 24
(CoFansr—R) C.F 50.—R) © MeFOSE [n=B,R=N|;CH§]CI.H¢OH$ 116
=50, - © EtFBSE (n=4,R=N(C,H.JC,H,0H) 4
Mok, =2 O EFOSE (n=8 R=N(C,H)CH,OH) 146
> over 3000 © SAMPAP {[C4F ,SO,N(C,H,JC,;H,0],—PO,H} 8
PFASs may PFAA - o 1005 of others.
have been recursors © 4:2 FTOH (n=4,R=0H) 106
on the globa| p © 6:2 FTOH (n=6,R=0H) 375
S fluorotelomer-based © 8:2 FTOH i?=8-R=0Hi : 412
- © 10:2 FTOH (n=10,R=0H 165
substances © 12:2 FTOH (n=12,R=0H) 42
(CoFans=CH,yR) © 6:2 GiPAP [(CoF ,C,H,0),~PO.H] 2
© 8:2 diPAP [{C4F ,C,H,0),—PO,H] 25
© 100s of others
© polytetrafluoroethylene (PTFE)
" © polyvinylidene fluoride (PVDF)
e ﬂuomPOIymers i © fluorinated ethylene propylene (FEF)

© perfluoroalkoxy! polymer (PFA)

o perfluoropolyethers (PFPEs)

e —————

Source: Wang et al. 2017



Exposure

é f

Drinking Eating fish caught from Accidentally
contaminated water contaminated by swallowing
municipal water or PFAS (PFOS, in contaminated soil or
private well water particular) dust
Eating food that was Using some consumer
packaged in material that products such as stain
contains PFAS resistant carpeting and water

repellant clothing
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PFOA and PFOS Guidelines

Agricultural soil quality guideline for human and
environmental health: . .
* PFOS=0.01 png/g (ppb)or 10 ng/ g (ppt) Biosolids:
* Quebec temporary

Groundwater guideline for human health: , , ,
moratorium on biosolids

« PFOS=0.6 ug/L(@ppb)=600ng/L (ppt) from the US

Drinking water guideline in Canada: « CFIA interim standard of
* PFOA=200 ppt 50 ppb of PFOS before
» PFOS =600 ppt biosolids/ fertilizers can be

* Proposed total PFAS objective = 30 ppt imported or sold in Canada

Drinking water guideline in the US:
* PFOA=8-35 ppt

* PFOS=10-40 ppt
e —————
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Water Quality Standards (in Michigan)

_______________________ PFOS(ppf) | PFOA (ppt)

Receiving water not used for 12 12,000
drinking water
Receiving water used as 11 420

drinking water source

Source: WEF (2023), Michigan EGLE (2021)




Putting into perspective

PFAS Product Measurement
concentrations 1 ppt = 1 sec. in 31,700 yrs.

DUST IN DAYCARE CENTER
142 parts per billion (1)

1 ppb = 1,000X more than ppt or 1 sec. in 31.7 yrs.

MICROWAVE POPCORN BAG
68-167 parts per billion (2)
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Hazardous Materials, 252~ 253, (2013), 413~ 418, 2013.

(4) Environmental Working Group. PFAS Contamination
in the U.S. 2021.
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PFAS cycle in the environment
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WWTP — Where PFAS lead to more PFAS

Raw

wastewater

PFAS
sorption to
sludge

‘ Biosolids
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Source: Lakshminarasimman et al. (2021) (Arranged in the order of incressing popuation served)
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Contribution of individual PFAS compounds

United States Canada

10
Leaves, grass Municipal waste He o 100%
9 ]' Backyard compost Bl PFHXDA

: y. composts B PFTeDA E -

6 Bl PFTIDA =

5 Includes food waste & I PFDoA o 0%

4 compostable food - PFUdA T mPFOSA
3 i -

; serviceware - PEDS E 70% mFFOS
1 P s PFDA = - " EEs
& 5 PFOS g 60% = PFDoA
¢ Commercially available |F= e A = . = PFUnA
B Non-biosolids based 2 = PFDA
E fertilizers D PFOA = " = PFNA
‘ [ PFHXS g PFOA
ﬁ N immas - PF Hp'A ‘I"a' 0% u HHP.A
l [ PFHxA g D
] mm |l PFBS g 2% u PFPeA
K B PFPeA =
h"* Commercially available |l PFBA = 0%

N Biosolids-based e 8

o fertilizers L e - =

o = RS BS|RS BS|RS BS|RS BS|RS BS|RS BS|RS BS|RS BS RS BS

‘: ﬁ AS P AF1 | AE2Z | AN1 | AN2 | AN3 | AN4 | ANS

0 25 S0 75 100 125 150 175 200 Sludge treatment systems

Concentration (pg PFAAs/kg Fertilizer)

Source: Choi et al. (2019), Lazcano et al. (2020) Source: Lakshminarasimman et al. (2021)
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Anaerobic digestion
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® [-N-MeFOSAA ® Br-N-MeFOSAA ® L-N-EtFOSAA PFDS " PFTrDA

Source: WEF, Linda Lee (2021)
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Drying, blending and thermal hydrolysis

Rotary Drum Dryer —
480 to 650 °C

mPFAAs < Cé
OPFHxA
mPFOA
@PFOS
OPFAAs > C8

. 20% biosolids,
. 80% wood blend | Alkaline hydrolysis — 70 °C

Thermal

hydrol maugu
goon)

Source: Lazcano et al. (2019)
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Composting and lime stabilization

Composting

* PFOS was the most commonly detected PFAS m all materials (wastewater
solids, bulking agents, and composts)

PFAS m fresh bulking agent materials were lower than m other bulking agent
mixtures

* Aerobically and anaerobically digested solids appear to result in less precursor
transformation during composting, and concentrations of termimal PFAS are
similar before and after composting.

[ime stabilization

* PFAS concentration increases in an alkaline stabilized biosohds, suggesting under
high pH conditions PFAS precursors transformation can be enhanced.

e —————
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Incineration

* Only a few full-scale studies are available
* Operating temperatures: 700 — 1,200 °C

e At least some PFAS destruction will occur
with incineration of biosolids

* An array of by-products 1s possible during
thermal treatment, creating more PFAS

* Need to evaluate impacts of temperature,
residence time and mixing (or turbulence)

e —————
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Pyrolysis

* Arecent study completed by Bioforcetech
showed PFAS removal to non-detect levels
biochar and bio-oil in a system operating at 160

850 °C. No PFAS were detected in biochar a

in the water scrubber that followed the

B 500'C

Total PFAS (ug)

m700'C

pyrolysis chamber.

* One other study has also found removal of y l
more than 91% of PFOS and PFOA from 09 = -

Biochar PyroGas Biooi Destrayed/Converted

sewage sludge during pyrolysis at 500 °C. Source: Williams et al. (2021)

* Pyrolysis gas can still contain a large portion of

PFAS after pyrolysis.
e —————
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Innovative biosolids processing technologies

Hydrothermal liquefaction

* Generates a liquid biocrude o1l from dewatered sludge

 Bench-scale tests suggest some PFAS removal

 PFAS found m the bio-oil fraction suggesting PFAS precursor transformation
Supercritical water oxidation

*  Water is heated above 374 °C and pressure of 221 bar, which corresponds
to the supercritical stage

e Bench-scale tests found 99% destruction of 12 PFAS from a landfill leachate

 Pilot scale tests conducted im Maine showed 99% removal of PFOS and
PFOA from lime-stabilized sludge.

e —————
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Land application of biosolids

US EPA Control Plot Study Arizona Field Study

PFOS Concentration or L
100000 (ng/kg or pgiL)

mPFBES 0.001 0.01 0.1 1 10 100
= PFOA 0 ' ' ' —x
10000 nPFOS 30 + o om
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w
g 1000
g a0 + A @B
[
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g - 120 4
S 100 S
£ 150 }
[= 9
. 180
10 O
210 +
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4 @ Soil- irrigated only
1 fl’ 4 Soil- biosolids Group 1
Day 1 Day 371 Day 1 Day 371 Day 1 Day 371 o A
60 m % Soil- biosolids Group 2
Biosolids . T + B Soil- biosolids Group 3
Solids Control + Groundwater
RL vary with dilution RL 30 ng/kg dry saoil RL 30 ng/kg dry soil
Source: lan Pepper (2022
Source: US EPA (2020) pper (2022)
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Plant uptake

u PFBA B PFBS ® PFHxA M PFHpA B PFOA B PFOS » PFNA B PFDA mPFDS © PFUdA
cooon - O X Milorganite 1 X Milorganite 4 X Milorganite

= | | e Short-chain PFAA (C4-C6) tend

ooeo | | | to accumulate or have greater
s | g uptake by plants
g o | * Lon hains remain in
: | ger chains rema
g ] | growing media or are sorbed
§ g to roots
S :::Z | § * Higher application rates lead

| to more accumulation and
o | increased concentration in
: ' plants

& ®

~e~°¢$@‘°§‘

Source: Lazcano (2019)
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Why do we care?

* PFAS are forever chemicals, meaning... they are here forever

* Continued exposure above specific levels to certain PFAS may
lead to adverse health effects

* WWTP are passive receivers of PFAS

* PFAS tend to concentrate during treatment and some
compounds end-up in biosolids

* Biosolids can be land applied and there is a risk of both soil and
water contamination

* Limit human exposure to potentially harmful levels of PFAS in
the environment

e —————
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What are the options?

* Do Nothing or...“Don’t Look Up”!

* Banning biosolids willnot work and could lead to unintended
consequences:

* Incineration — potential for by-products to be emitted to the atmosphere and
be later deposited on soils and water

* Landfilling — PFAS in leachate will return to the WWTPs

* Focus on mitigating risks and use source reduction to contmue drive
PFAS concentrations down

* Ban PFAS from use in food packagig, furniture, carpets, etc.
* Fund research efforts:

e Mitigation and treatment options

* Incidence in soil, assess mobility and crop uptake

e —————



Questions?

Jos¢é R. Bicudo, bicudoj@ae.ca
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Typical PFAS “removal” at CAS plants

influent

Primary

Influent Clarifier
Concentration s |
PFAS - 165 ng/L iSWismas
PFOS - 91 ng/L : Effluent
PFOA-15 ng/L Activated SeCORCarY Concentration
Sludge Clarifier
Biological
Treatment PFAS - 182 ng/L

PFOS = 81ng/L
PFOA - 26 ng/L

Source: WEF (2023), Michigan EGLE (2021)
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